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MICROARRAYS AND THEIR
MANUFACTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

The instant application is a continuation-in-part of patent
application Ser. No. 09/482,460 filed 13 Jan. 2000, now U.S.
Pat. No. 6,713,309, which is a continuation-in-part of appli-
cation Ser. No. 60/146,653 filed 30 Jul. 1999, the contents of
which are incorporated herein in entirety.

FIELD OF THE INVENTION

The instant invention relates to microarrays containing
bioreactive molecules, uses thereby and methods for manu-
facture thereof. The arrays are constructed by sectioning
bundles of tubules or rods, each containing unique reactants
to produce large numbers of identical arrays.

BACKGROUND OF THE INVENTION

A microarray is essentially a two-dimensional support or
sheet wherein different portions or cells (sectors) of the
support or sheet carry different biomolecules or elements,
such as, nucleotides, polynucleotides, peptides,
polypeptides, saccharides or polysaccharides, bound thereto.
Microarrays are similar in principle to other solid phase
arrays except that assays involving such microarrays are
performed on a smaller scale, allowing many assays to be
performed in parallel. Microarrays have been used for a
number of analytical purposes, typically in the biological
sciences.

Biochemical molecules on microarrays have been synthe-
sized directly at or on a particular cell (sector) on the
microarray, or preformed molecules have been attached to
particular cells (sectors) of the microarray by chemical
coupling, adsorption or other means. The number of differ-
ent cells (sectors) and therefore the number of different
biochemical molecules being tested simultaneously on one
or more microarrays can range into the thousands. Com-
mercial microarray plate readers typically measure fluores-
cence in each cell (sector) and can provide data on thousands
of reactions simultaneously thereby saving time and labor. A
representative example of a patent in the field is U.S. Pat.
No. 5,545,531.

Currently, two dimensional arrays of macromolecules are
made either by depositing small aliquots on flat surfaces
under conditions which allow the macromolecules to bind or
be bound to the surface, or the macromolecules may by
synthesized on the surface using light-activated or other
synthetic reactions. Previous methods also include using
printing techniques to produce such arrays. Some methods
for producing arrays have been described in “Gene-
Expression Micro-Arrays: A New Tool for Genomics”,
Shalon, D., in Functional Genomics; Drug Discovery from
Gene to Screen, IBC Library Series, Gilbert, S. R. & Savage,
L. M., eds., International Business Communications, Inc.,
Southboro, Mass., 1997, pp 2.3.1.-2.3.8; “DNA Probe
Arrays: Accessing Genetic Diversity”, Lipshutz, R. J., in
Gilbert, S. R. & Savage, L. M., supra, pp 2.4.1.-2.4.16;
“Applications of High-Throughput Cloning of Secreted Pro-
teins and High-Density Oligonucleotide Arrays to Func-
tional Genomics”, Langer-Safer, P. R., in Gilbert, S. R. &
Savage, L. M., supra; Jordan, B. R., “Large-scale expression
measurement by hybridization methods: from high-densities
to “DNA chips”, J. Biochem. (Tokyo) 124: 251-8, 1998;
Hacia, J. G., Brody, L. C. & Collins, F. S., “Applications of
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DNA chips for genomic analysis”, Mol. Psychiatry 3:
483-92, 1998; and Southern, E. M., “DNA chips: Analyzing
sequence by hybridization to oligonucleotides on a large
scale”, Trends in Genetics 12: 110-5, 1996.

Regardless of the technique, each microarray is individu-
ally and separately made, typically is used only once and
cannot be individually precalibrated and evaluated in
advance. Hence, one depends on the reproducibility of the
production system to produce error-free arrays. Those fac-
tors have contributed to the high cost of currently produced
biochips or microarrays, and have discouraged application
of the technology to routine clinical use.

For scanning arrays, charged coupled device (CCD) cam-
eras can be used. The cost of those devices has declined
steadily, with suitable cameras and software now widely
available. Such devices generally detect light sources or
light absorbance. In one proposed variation, an array is
located at the ends of a bundle of optical fibers with the
nucleic acid or antibody/antigen attached to the other end of
the optical fiber. Detection of fluorescence then may be
performed through the optical fiber, see U.S. Pat. No.
5,837,196.

Fiber optical arrays can be produced in which glass or
plastic fibers are aligned in parallel in such a manner that all
remain parallel, and an optical image may be transmitted
through the array. Parallel arrays also may be made of
hollow glass fibers, and the array sectioned normal to the
axis of the fibers to produce channel plates used to amplify
optical images. Such devices are used for night vision and
other optical signal amplification equipment. Channel plates
have been adapted to the detection of binding reactions (U.S.
Pat. No. 5,843,767) with the individual holes being filled
after sectioning of the channel plate bundle, and discrete and
separate proteins or nucleic acids being immobilized in
separate groups of holes.

Hollow porous fibers have been used for dialysis of
biological samples, for example, in kidney dialyzers and for
water purification. Methods for aligning the fibers in parallel
arrays, for impregnating the volume between the fibers with
plastic, and for cutting the ends of such arrays have been
described (see, for example, U.S. Pat. No. 4,289,623).

Immobilized enzymes have been prepared in fiber form
from an emulsion as disclosed, for example, in Italy Pat. No.
836,462. Antibodies and antigens have been incorporated
into solid phase fibers as disclosed in U.S. Pat. No. 4,031,
201. A large number of other different immobilization tech-
niques are known in the fields of solid phase immunoassays,
nucleic acid hybridization assays and immobilized enzymes,
see, for example, Hermanson, G. T., Bioconjugate Tech-
niques. Academic Press, New York. 1995, 785 pp;
Hermanson, G. T., Mallia, A. K. & Smith, P. K. Immobilized
Affinity Ligand lechniques. Academic Press, New York,
1992, 454 pp; and Avidin-Biotin Chemistry: A Handbook. D.
Savage, G. Mattson, S. Desai, G. Nielander, S. Morgansen
& E. Conklin, Pierce Chemical Company, Rockford IlL.,
1992, 467 pp.

Currently available biochips include only one class of
immobilized reactant, and perform only one class of reac-
tions. For many types of clinical and other analyses, there is
a need for chips that can incorporate reactants immobilized
in different ways in one chip.

SUMMARY OF THE INVENTION

The instant invention relates to a method for producing
rods or tubules, each containing a different entrapped or
attached biological agent of interest; for arranging and
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keeping the rods or tubules in parallel bundles; optionally,
for impregnating or embedding the bundles with a section-
able adhesive material; optionally, for checking that all
elements of the bundle maintain a constant arrangement or
pattern throughout the length of the bundle after impregna-
tion; for sectioning the bundle to produce large numbers of
identical arrays or chips; and for performing a variety of
different quantitative biochemical analyses on individual
arrays or chips based on, for example, enzymatic activities,
immunochemical activities, nucleic acid hybridization and
small molecule binding under conditions yielding, for
example, fluorescence, optical absorbance or chemilumines-
cence signals, for acquiring images of the signals which can
be processed electronically and compared to produce clini-
cally and experimentally useful data.

In one aspect, the invention relates to long filaments or
tubes that contain, are coated with, or have an agent of
interest embedded therein, and methods for manufacture
thereof.

The invention also relates to methods for arranging the
fibers to form bundles in which the position of each fiber
relative to all others is retained throughout the bundle length.

The invention further relates to means and methods for
attaching or gluing all of the fibers together over the entire
length thereof.

In a related aspect, the invention relates to the preparation
of microarrays wherein the elongated filaments or tubes are
bundled together and cut transversely many times at short
intervals to yield cross sectional slices thereof to form
microarrays and a microarray so prepared.

A further aspect of the invention is the inclusion of
markers which are either integral with the tubes or fibers or
are contained in the media contained in hollow fibers which
allow the fibers to be distinguished along the entire length
thereof.

An additional aspect of the invention includes means for
illuminating fibers individually at one end of a bundle, and
identifying the other end by photoelectric means to confirm
the integrity of the fiber arrangement.

In another aspect, the instant invention relates to forming
a fiber containing an agent of interest, or means for immo-
bilizing one or a class of agents of interest thereto.

In an additional aspect, the invention relates to means for
embedding or attaching whole or fragments of biological
cells, tissues or infectious agents to fibers or tubules in such
a manner that the biologicals are exposed on the cut end of
each fiber of tubule.

In another aspect of the invention, the array consists of
tubules containing gel or other polymerizing materials that
adhere to the tubing walls.

In a further aspect of the invention, agents of interest are
attached to the polymerizing or suspending medium in the
lumen of small tubes.

In yet another aspect of the invention, the agents of
interest are attached to particles that are suspended in a
polymerizing medium, which suspension is used to fill
tubules used to make array bundles and arrays.

The invention further relates to a method for the large
scale production of identical flat two-dimensional arrays of
immobilized nucleic acid-based agents for use in nucleic
acid sequencing, in the analysis of complex mixtures of
ribonucleic acids (RNA’s) and deoxyribonucleic acids
(DNA’s), and in the detection and quantitation of other
analytes including proteins, polysaccharides, organic poly-
mers and low molecular mass analytes, by sectioning long
bundles of fibers or tubes containing same.
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In a related aspect, the invention relates to exploiting
microarrays for mass screening of large numbers of samples
from one to a large number of agents of interest.

In another aspect of the instant invention, one may
perform quality control assays on each fiber after
manufacture, so that only fully functional fibers are included
in a fiber bundle.

In a further related aspect, the invention relates to the
development of sets of tests on different chips or microarrays
done in optionally branching sequence, which reduces the
cost, delay and inconvenience of diagnosing human
diseases, while providing complex data ordinarily obtained
by time-consuming sequential batteries of conventional
tests.

In still another aspect, the invention relates to the fabri-
cation of identical arrays that are sufficiently inexpensive to
allow several identical arrays to be mounted on the same
slide or test strip, and cross-compared for quality control
purposes.

In a still further aspect, the invention relates to the
incorporation of a non-fluorescent dye or other light absorb-
ing material in the substance of the array to control the depth
to which light used to excite fluorescence penetrates the
array, thereby controlling the depth to which fluorescence
analytes are detected, and insuring that fluorescent analytes
which diffuse too deeply into the content of the cells, and
therefore do not diffuse out, are not detected.

In another aspect, the invention relates to methods for
determining that tubules are completely full of support
media, and lack voids or air bubbles.

In a further aspect, the invention relates to methods and
apparatus for completely filling small tubes with a support-
ing medium using hydrostatic force or centrifugal force.

In an additional aspect, the invention relates to the repro-
ducible manufacture of biochips or microarrays for bio-
analysis.

In a further aspect, the invention relates to the design and
production of arrays, which are specifically designed to
detect and diagnose a specific disease.

In yet another aspect, the instant invention relates to
multiwell plates and methods for manufacture thereof

In yet a further aspect, the invention relates to increasing
the dynamic range of multiple-parallel assays by providing
means for making serial measurements of fluorescence or
absorbance over time, and for determining the rate of change
of fluorescence or absorbance in each element of the array
over time.

It is an additional aspect of the invention to produce
biochips that are inexpensive and sufficiently standardized to
allow more than one to be used for each analysis, and for
controls and standards to be run routinely and simulta-
neously in parallel. For added quality assurance, sections
from different portions of the bundle or different ends may
be used. One way of sectioning from different portions of the
bundle is to cut or bend the bundle in the middle and align
the two halves to form a single larger bundle thereby
producing a section where each fiber is represented twice.

In a further aspect, the invention relates to the production
of chips in which the array elements or cells (sectors) may
differ from one another in the composition of the tubes,
supporting medium, immobilization surface, or the class of
agent of interest may be different in different cells (sectors).

In an additional aspect, the invention relates to the pro-
duction of chips in which different types of reactions may be
carried out at the surface of each cell (sector) of the array,
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with the reactions including immunological, enzymatic or
hybridization reactions.

Afurther aspect of this invention relates to the production
of subarrays of fibers or tubules adhering together to form
one-dimensional ribbon-like arrays which may be separately
stored. The “ribbons” may be subject to quality control
analysis before being assembled into two-dimensional
arrays. Different one-dimensional arrays may be used to
assemble different arrays, thus providing the option of
producing custom-made arrays to meet specific research and
clinical requirements.

The invention further relates to the development of mul-
tiple parallel chip-based methods involving continuously
increasing temperature such that temperature sensitive reac-
tions may be carried out at physiological temperatures,
followed by an increase in temperature to allow hybridiza-
tion reactions to occur.

In a still further aspect, the invention relates to preparing
libraries of compounds with each fiber containing one of the
compounds. The array may be used to screen simultaneously
all of the compounds for a particular chemical or biological
activity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of intermediate products in the
process for producing microarrays.

FIG. 2 is a schematic of an individual tubule containing
beads with immobilized ligands embedded in a gel.

FIG. 3 is a schematic of an individual tubule containing
a gel with ligands attached to the gel.

FIG. 4 is a schematic of an array with ligands attached to
the inner walls of cells, and with means for closing off one
surface of the array to form a set of microwells.

FIG. 5 is a schematic of a means for insuring that all fibers
are maintained in their correct pattern before the bundle is
sliced.

FIG. 6 is a schematic of means for identifying arrays.
FIG. 7 is a schematic for scanning an array.

FIG. 8 displays an alternative way of forming a fiber
bundle.

DETAILED DESCRIPTION OF THE
INVENTION

2«

The terms “binding component”, “molecule of interest”,
“agent of interest”, “ligand” or “receptor” may be any of a
large number of different molecules, biological cells or
aggregates, and the terms are used interchangeably. Each
binding component is immobilized at a cell, sector, site or
element of the array and binds to an analyte being detected.
Therefore, the location of an element or cell containing a
particular binding component determines what analyte will
be bound. Proteins, polypeptides, peptides, nucleic acids
(nucleotides, oligonucleotides and polynucleotides),
antibodies, ligands, saccharides, polysaccharides, microor-
ganisms such as bacteria, fungi and viruses, receptors,
antibiotics, test compounds (particularly those produced by
combinatorial chemistry), plant and animal cells, organelles
or fractions of each and other biological entities may each be
a binding component if immobilized on the chip. Each, in
turn, also may be considered as analytes if same bind to a
binding component on a chip.

When a molecule of interest has a high molecular weight,
it is referred to as a “macromolecule”. In terms of some
biopolymers, the high molecular weight refers to greater
than 100 amino acids, nucleotides or sugar molecules long.
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The term “bind” includes any physical attachment or
close association, which may be permanent or temporary.
Generally, an interaction of hydrogen bonding, hydrophobic.
forces, van der Waals forces, covalent and ionic bonding
etc., facilitates physical attachment between the molecule of
interest and the analyte being measuring. The “binding”
interaction may be brief as in the situation where binding
causes a chemical reaction to occur. That is typical when the
binding component is an enzyme and the analyte is a
substrate for the enzyme. Reactions resulting from contact
between the binding agent and the analyte are also within the
definition of binding for the purposes of the present inven-
tion.

The term “cells”, “sectors”, “sites” or “elements” in the
instant application refers to a unit component of an array
identified by a unique address, which generally differs from
other cells, sectors, sites or elements by content as well as
location. Biological cells generally are referred to by type,
e.g. microorganisms, animal and plant cells.

The term “fibers” includes both filaments and hollow
capillaries. Filaments or rods may be solid strands of
monolithic, porous or composite forms, or aggregate forms.
Pluralities, typically a large number, of fibers are bound
adjacent to each other in ribbons or bundles to form a “fiber
bundle.” A fiber bundle may constitute a portion of the actual
bundle being used such as ribbon. The cross-section of the
fibers may be of any shape, such as round, triangular, square,
rectangular or polygonal.

The term “particle” includes a large number of insoluble
materials of any configuration, including spherical, thread-
like, brush-like and many irregular shapes. Particles are
frequently porous with regular or random channels inside.
Examples include silica, cellulose, Sepharose beads, poly-
styrene (solid, porous and derivitized) beads, controlled-
pore glass, gel beads, sols, biological cells, subcellular
particles, microorganisms (protozoans, bacteria, yeast,
viruses, etc.) micelles, liposomes, cyclodextrins, two phase
systems (e.g. agarose beads in wax) etc. and other structures
which entrap or encapsulate a material. Particularly pre-
ferred are recombinant hosts and viruses that express the
protein of interest. Even certain high molecular weight
materials, such as, polymers and complexes, may serve as
immobilizing structures that would constitute a “particle”.

The term “sintering” refers to the adhesion of the surfaces
of the fibers without actually melting the whole fiber.
Sintering may be chemical or thermal and may even involve
a self adhesive component that may be activatable.

The terms “arrays” and “microarrays” are used somewhat
interchangeably differing only in general size. The instant
invention involves the same methods for making and using
either. Each array typically contains many cells (typically
100-1,000,000+) wherein each cell is at a known location
and contains a specific component of interest. Each array
therefore contains numerous different components of inter-
est.

The instant invention makes microarrays, “chips” or “bio-
chips” by sectioning bundles of small plastic rods, fibers,
tubes or tubules containing immobilized binding
component, including biological molecules and entities such
as nucleic acid fragments, nucleotides, antigens, antibodies,
proteins, peptides, carbohydrates, ligands, receptors, drug
targets, biological cells or subfractions thereof (e.g. ground-
up cells, organelles, solvent extract etc.), infectious agents or
subfractions thereof, drugs, toxic agents or natural products.
Embedding media may be, in the instant invention, poly-
merized or solidified in small tubes, or may be cast into rods
or sheets.
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The tubes may be of material such as glass, metal, ceramic
or plastic. The immobilized binding components, e.g.
nucleic acids, proteins, cells etc., may be coated on the
inside or outside of the microtubes, contained in a gel in the
microtubes, or attached to or embedded in small particles or
beads which fill the tubes. The particles or beads may be a
component of a gelling material or can be separate compo-
nents such as latex beads made of a variety of synthetic
plastics (polystyrene etc.). When the individual fibers are
solid rods or filaments, the agent of interest is incorporated
on or in the plastic before the filament is cast, extruded or
pulled through a die. Each section cut constitutes a microar-
ray for use in various binding assays.

A key aspect of the invention, which provides an eco-
nomic advantage, is that the fibers or tubules are prepared
using only methods providing a functionality stable to long
term storage are used. Unlike other methods involving
protein containing liquids which must be prepared fresh
each time, immobilized proteins in relatively dry form
remain stable for great lengths of time, often without refrig-
eration.

The preparation of each component of a future microarray
separately in/on a fiber permits one to assay for and evaluate
the functionality or reactivity of each component before
being incorporated in an array. Both the spotting technique
and the in situ synthesis technique do not permit testing
before completion. Furthermore, quality control checks can
sample only a small portion of such microarrays, which is
unlike the instant invention where each fiber may be tested.

Various aspects of the invention are illustrated in FIGS.
1-7.

General principles are illustrated in FIG. 1 where rod or
tube 1 incorporates an agent of interest. The rods or tubes
may be bonded into a flat parallel array 2, and multiple flat
arrays then are bonded into the multiple parallel bundle 3.
Alternatively, the bundle 3 may be constructed in one step
from a series of rods 1. The end of bundle 3 is cut or
sectioned to yield the final array 4 that contains one small
section 5 of each rod or tube in the entire bundle. By. making
a long bundle 3, and cutting very small sections 4, a very
large number of identical arrays or chips are formed. For
example, if bundle 3 is a meter long, and the sections are 10
microns thick, 100,000 identical chips may be produced.

In the case of hollow glass fibers, such as those in channel
plates, the hollow fibers may be filled with gels or particles
including immobilized reactants, and the entire bundle
sawed into arrays.

The rods or tubules comprising the sectioned bundle fall
into at least eight classes, with subdivisions of each.

A first class is composed of solid rods or filaments with
the immobilized binding component being part of the com-
position of the rod or filament. The agent of interest in the
instant invention may comprise a very broad range of
chemicals, complexes, tissues, biological cells or fractions
thereof. Nucleic acids, sugars, proteins, which may be
modified or coated with detergents to enhance solubility in
organic solvents, and a wide range of organic compounds
can be incorporated into polymerizing mixtures such as
those used to produce plastics. Oligonucleotides and nucleic
acids are soluble in methylene chloride, for example, and
hence may be included in acrylics during polymerization.

A number of polymerizing embedding agents have been
developed for histological and histochemical studies, some
of which are listed in Table 1, together with data on
composition, curing temperature, solvent used and viscosity.
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TABLE 1
CURE VIS-
RESIN* TYPE TEMP. SOLVENT  COSITY
Durcupan — 40° C. Water Medium
Nanoplast Melamine 60° C. Water Low
Quetol 651 Epoxy 60° C. Water Low
London Resin Gold Acrylic, UV -25° C. Water, EtOH Low
Curing
Lowicryl K4M Polar  Acrylic, UV -35° C. Water, EtOH Low
Curing
Lowicryl Monostep Acrylic, UV -35° C. Water, EtOH Low
K4Mpolar Curing
Lowicryl K11 Polar Acrylic UV -60° C. EtOH Low
Curing
IB-4 GMA RT  Water Low
JB-4 Plus Methacrylate RT  Water Low
ImmunoBed GMA RT  Water Low
PolyFreeze Polyol -15°C. Water Low

*Available from Polysciences

Other methods for impregnating a solid fiber include
mobilizing the agent of interest through the matrix of the
solid fiber using an electromotive force.

A second class of fibers is not homogeneous and the
polymerizing or gelling material also may contain solid
structural elements such as filaments, branched elements
etc., to further strengthen the gel and also may provide
attachment sites for the agent of interest. Thus, the added
components serve to strengthen the gel and may provide
attachment sites for inclusions including dendrimer
branched polynucleic acids, branched or crosslinked poly-
meric materials, metal or glass fibers. Threads, yarn-like
configurations and brush-like configurations of structural
elements may be cast into the length of the fiber to provide
strength and to allow the fiber to be handled or dried more
easily. The structural elements may serve as the immobiliz-
ing component in the fiber for a desired binding component.

Thus, it is technically feasible to produce long fibers of
acrylic or other plastics each containing a different agent of
interest using currently available extrusion technology in the
instant invention. The cut end of the fibers may be treated
briefly with dilute solvents to expose active groups.

A third class of fibers includes extruded or cast plastic,
which includes a second phase. The second phase may be in
the form of, for example, hydrocarbon, aqueous or fluoro-
carbon microdroplets, particles of sugars or other water
soluble materials, or inorganic particles such as calcium
carbonate particles, which can be dissolved in dilute acid to
reveal active groups. Brief exposure of the cut surface of a
chip to a solvent will dissolve some of the inclusions,
increasing the surface area of the support plastic containing
the agents of interest.

Solid plastics also can be prepared which incorporate
polystyrene latex or other plastic particles to which proteins
or nucleic acids are attached. Conditions can be arranged
such that the supporting plastic is eroded to a depth of a few
microns to reveal active subparticle surfaces, and do not
dissolve the supporting plastic latex beads. For example,
proteins derivatized with fluorinated groups attach strongly
to Teflon® microparticles. Such derivatized
Teflon®particles in, for example, an acrylic plastic or other
suitable embedding medium, can be partially exposed at the
plastic surface by a dilute acrylic solvent, composed, for
example, of methylene chloride and ethyl alcohol.
Alternatively, the particles may be embedded in a porous
matrix.

The beads to which agents of interest are attached may be
porous gel beads used in chromatography such as Sephadex,
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Biogels and others, or solid beads such as are used in
chromatography. A variety of methods for derivitizing such
support structures and for attaching polypeptides, proteins,
nucleic acids, polynucleotides, saccharides, polysaccharides
and small molecules thereto have been developed and are
known to those skilled in the arts. The construction of such
tubules is illustrated in FIG. 2 where tubule 6 is comprised
of tube 7 containing gel 8 which supports particles 9. An end
view 10, and enlarged view 11 of the tubule shows exposed
particles 12 at the cut end. Area 13 is shown additionally
enlarged at 14 to illustrate the presence of immobilized
reactants 15 on the surface of the exposed particles 12.

Note that all rods described can be cast with a string or
thread through the center thereof to increase strength, and to
make the rods easier to handle.

A fourth class of fibers is prepared by sintering glass or
plastic beads to form a porous material with a high surface
to mass ratio. Such material is conventionally made from
glass, polytetrafluoroethylene (PTFE) (Teflon®), Teflon®
AF, polyethylene, polypropylene, can be manufactured from
polystyrene and from a variety of other plastics. Heat,
pressure or exposure to solvent vapors can sinter plastics.
The sintered material can be derivatized in sheets or in cut
rods. Polystyrene is convenient from the point of view of
coupling agents of interest thereto. For polystyrene
derivatization, methods that allow attachment of proteins by
the amino groups, carboxyl groups, or sulthydryl groups
thereof, have been described. Teflon® can be activated using
solutions of metallic sodium in an organic solvent producing
groups to which other plastics will adhere, and then may be
derivatized. Polyethylene and polystyrene can be activated
by corona plasma discharge or by electron beam radiation.
An advantageous approach is to make sintered composites
of polystyrene and polyethylene. Nylon beads also can be
sintered and derivatized. Other sintered materials are known
or are under development, many of which will find appli-
cation here.

Molecules of interest may be attached to the solid mate-
rials either before or after sintering. For attachment of the
ligands, the rods may be soaked in tubes containing the
substance to be attached or the rods may be coiled up inside
a hollow bowl centrifuge rotor having the general configu-
ration of a zonal rotor (see Anderson, N. G., Natl. Cancer
Inst. Monograph No. 21), but which may be centrifugally
drained. The solution of the substance to be attached then is
centrifuged first into the sintered mass, and then out of it,
followed by washing as necessary. The sintered rods then
may be dried, coated with a suitable adhesive, assembled
into a bundle and sectioned.

Alternatively, the beads with agents and items of interest
attached thereto may be extruded under pressure to form
rods that then may be sintered together. The assembled tubes
may be held together with a variety of cements or polymer-
izeable plastics. The outside of the tubes may be altered or
treated so that cements or polymerizeable plastics will
adhere thereto.

Afifth class of fibers is comprised of hollow impermeable
tubules typically formed from plastics including, but not
limited to, polyethylene, polypropylene, Teflon® or polyvi-
nyl chloride, and is filled completely with a gel or other
polymerizing material to which agents of interest are
attached directly. The external surfaces of the tubes may be
modified chemically or physically to accept adhesives used
to bind the bundled tubes together. The internal surface also
may be modified so that the gel or polymerizing mixture
introduced into the tubes will adhere, preferably by covalent
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attachment. Acrylamide derivatives may be linked to the
wall to make an acrylamide gel adhere, while gelatin, agar,
or agarose derivatives may be attached similarly to link with
the respective gels. Methods for linking agents of interest,
such as, proteins and nucleic acids, to linear acrylamide,
gelatin and agarose are well known, and the derivitized
molecules can be incorporated into the gels used for casting.
Acrylamide can be made to gel at room temperature either
chemically or using photoactivation, while low temperature-
gelling Sepharose is available. Gelatin sets slowly and at
temperatures below ambient. The polymers used to fill the
tubes are typically homogeneous, but may contain agents of
interest, which become attached to the polymerizing
medium. Examples include covalent attachment of proteins
to short acrylamide chains that become incorporated into
acrylamide gels and proteins covalently linked to gelatin.
Thus, gels are available or can be produced which contain
labile biomolecules without exposing them to denaturing
temperatures. The structure of such tubes is illustrated in
FIG. 3 where tube 16 is filled with a cross-linked gel 17 to
which are attached agents of interest 18. A side view 19 and
end view 21 of a sectioned tube illustrates the availability of
immobilized agents 21.

Arrays prepared using hollow fibers may have the interior
of the fibers coated with biomolecules either covalently or in
suitable polymer coatings, or in gels before the array is
assembled. Isocyanate polymers, such as oxyethylene-based
diols or polyols wherein most if not all of the hydroxyl
groups thereof carry polyisocyanate groups are suitable.
Some such polymers can be comprised of polyurea/urethane
polymers. The polymers are well hydrated and fall in the
category of hydrogels. Suitable starting materials include
triols, such as glycerol, trimethylpropane and
triethanolamine, tetrols and polyethylene glycols. Suitable
polyisocyanates include diisocyanates and such. The poly-
isocyanates can be aromatic, aliphatic or cycloaliphatic.
(Braatz et al., U.S. Pat. No. 5,169,720 and Braatz, J. Bio-
materials Applications 9:71-96 (1994)). Alternatively, a
bundled array may be positioned so that individual hollow
fibers may be filled with biopolymers in solutions that gel
prior to sectioning.

A sixth class of fibers or tubes includes empty imperme-
able tubes with molecules of interest attached to the inner
surface, but otherwise empty or made empty. As illustrated
in FIG. 4, the sectioned chip 22 is comprised of sectioned
plastic tubes 23 embedded in supporting plastic 24, with the
agent of interest 25 attached to the inner walls of the tubes,
leaving the center 26 open. The result 27, seen in side
section, has sectioned plastic tube 23, immobilized agent 25,
yielding open holes 26, and all held together by supporting
material 24. The chips may be considered as ultramicrotiter
plates and may be used for flow through analysis based on,
for example, immobilized affinity ligand techniques
(Hermanson et al., Immobilized Affinity Ligand Techniques,
Academic Press, 1992, p 407), for polymerase chain reac-
tion (PCR) amplification of immobilized oligonucleotides,
or for other detection reactions and the like that can be
accomplished at that scale, as described, for example, in
U.S. Pat. No. 5,843,767. When the tubes are made of
Teflon® with the internal or external surfaces treated to
become hydrophilic, the cut ends will remain hydrophobic.
When a hydrophilic test solution is spread across the surface
of the chip, the solution tends to flow into the holes in
self-controlling volumetric amounts, and, if the total amount
of fluid is controlled properly, tends not to affect adjacent
cells. The upper and lower surfaces then can be sealed with
a suitable adhesive tape and the whole subjected to
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reactions, for example, for polymerase chain reaction ampli-
fication of DNA. Alternatively the sandwiched structure 32
including chip 33 of FIG. 4 may employ two pieces of
material such as glass or quartz 34 to seal the ends of the
tubes, creating microchambers 35. Changes in fluorescence
or in optical absorbance 36 may be detected in each tubular
element through the transparent end windows, and the
reaction followed calorimetrically or fluorometrically.

A variety of other reactions may be performed inside the
microarray or inside the hollow fiber used to prepare a
microarray. For example, a polypeptide, polysaccharide or
polynucleotide may be synthesized in situ and/or a library of
combinatorial small molecules such as esters, amides, car-
boxylates etc., prepared. The same reactions, including
PCR, may be performed in any of the other types of fibers,
including solid fibers if the fibers are sufficiently permeable
to the reactants.

When hollow, the microarray may have no agent of
interest immobilized thereon or therein. In such a situation,
one has a very small multiwell plate, a commercial product
per se. By placing, with or without immobilization, biologi-
cal cells in “empty” hollow fibers; one can use the microar-
ray to determine the cellular response to a specific agent.
One may even coimmobilize a substrate or reagent with the
biological cells to stimulate production of a detectable
product when contacted to or to interact with a specific
analyte.

While the usual technique is to place the molecules or
biological components inside the fiber before it is cut to form
a microarray, it is an embodiment of the instant invention to
place the molecules or biological cells inside the hollow
fiber after the microarray is formed. One example is the use
of such a microarray to clone biological cells, viruses or
other particles by adding a dilute suspension to the microar-
ray. Adding many individual agents of interest may be
tedious but is an acceptable use. To compensate for potential
spillover into adjacent array cells, one may simply leave one
or more rows of empty cells between each array cell being
“filled” with an agent of interest.

The inside surface of the small tube described may be
modified chemically to allow attachment of polynucleotides,
polypeptides, polysaccharides or other molecules either
directly or through linkers. The molecules attach, thus
increasing the number of reactive sites inside the tube. Since
DNA and RNA are conventionally synthesized on small
polystyrene beads, the most direct approach to a nucleic acid
array is to synthesize oligonucleotides on small polystyrene
beads, with different batches of beads having different
sequences attached, and then to fill small polyethylene,
polypropylene, polystyrene or other plastic, metal or
ceramic tubes with the beads, packing down to completely
fill the tubes. The beads may be kept in place by careful
heating thereof to sinter same or residual latex is added to
the tubes and dried in place with air pumped through the
tube.

A seventh class of tubes or fibers includes tubules with
permeable walls. Methods and procedures for producing
hollow selectively permeable fibers for use in kidney dialy-
sis machines and for molecular weight fractionation have
been developed (U.S. Pat. Nos. 4,289,623, 3,976,576) and
are in wide current use. Procedures for embedding such
fibers in solid sectionable plastics also have been developed
and are used to attach the fibers to tubing at the dialyzer
ends.

Permeable hollow fibers may be used in the instant
invention in two ways. In the first, the fibers are filled with
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reactant-carrying gels while already embedded in plastic. By
carefully splaying out the fibers going into the cast portion,
each tube can be filled selectively as previously described.
That technique offers the advantage of producing small
arrays quickly, and of developing new assays without having
to go through all of the steps required to produce separate
hollow fibers, fill same with reactants, arrange same in
arrays and infiltrate same with the supporting plastic.

The second method of use involves filling the hollow
fibers before being embedded in plastic. Techniques have
been developed for controlling the wall permeability of
permeable tubes. That allows the influx and outflux of
monomers and gelling agents during gelation to be
controlled, and for dialyzable agents to be removed after
gelling. For example, acrylamide gels may be produced
from acrylamide and bisacrylamide by cross-linking with
ultraviolet light in the presence of riboflavin. That technique
is preferred when the specific binding component is heat
sensitive or sensitive to other chemicals. The catalyst, which
would interfere with subsequent fluorescence
measurements, can be removed by dialysis through the
tubing wall after polymerization.

Another gelling material is an isocyanate-containing pre-
polymer that polymerizes on contact with water and gener-
ates only carbon dioxide as a byproduct of polymerization.
The binding component may be incorporated onto solid
phase(s) first or otherwise placed in the fiber, which then is
polymerized and/or dried to incorporate the binding com-
ponent to be used on hydration of the gel.

Permeable supporting tubing also allows the gel inside a
tube to be infiltrated with substances that render the reac-
tants more stable, increase the physical strength of the gel
and facilitate sectioning. For example, sugars such as
lactose, trehalose, glycerol, fructose and other polyhydric
alcohols may be introduced to stabilize proteins and to add
solids to the gels to assist in sectioning. The additives may
be removed partially from the exposed surface of the chip
during use to make buried reactive groups available. Addi-
tives diffusing into the gels also may be used to increase the
strength and volume of a gel after it has been dried.

Also, when a particle containing the ligand or receptor is
embedded in a fiber, the embedding medium may be soluble
or meltable so as to be removable after the microarray is
formed. By removing the embedding medium, more active
sites on the particle are exposed for binding. That variation
is suitable when the particle is actually microfibers or
microbrushes of microfilaments having the immobilized
ligands or receptors thereon similar to the cross-linked
polymers of (17) in FIG. 3.

Once the tubes are filled with the respective gels and
reagents, the outside of the tubes is cleaned, may be treated
with reagents to increase the adherence of the infiltrating
supporting plastic and then bundled to produce the product
for sectioning.

An eighth class of tubes or fibers includes those synthe-
sized by cleaving from a larger block, preferably a disk. The
fiber material containing the molecule of interest first is cast
as a disk and then a long fiber is peeled from the circum-
ference of a rotating disk. That technology is essentially the
same as a smaller version of producing wood veneers where
the veneer is peeled from a rotating log. The technique has
certain space and handling advantages over a long thin fiber.
Such a disk also is more easily stored, particularly when
active components therein require maintenance under cer-
tain conditions, e.g. freezing, submergence in buffer, in the
dark etc.
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Arrays or parallel fibers may be attached together by
many techniques. A preferred one is by vapor sintering. The
vapor, perhaps a hot solvent, is allowed to interact with the
array for a specified period of time and then is removed by
evacuation. In heat sintering, the array is placed under lateral
compression and the array heated to the softening point of
the plastic. Another means is the use of low melting point
metals, such as gallium. By low melting point is meant
temperatures at or about physiologic temperature of the
binding component.

A variety of histological embedding media has been
developed that preserves biological molecules in reactive
form. For example, Durcupan, Nanoplast and Quetrol 651
can be cured by very mild heating; JB-4 and Immunobed can
be polymerized at room temperature; and the water soluble
acrylic polymers, London Resin Gold and Lowicryl, poly-
merize at below freezing temperatures by ultraviolet light
(all are available from Polysciences Inc.). Conventional
embedding media use solvents and waxes, and the waxes
must be at least partially removed before analysis.

Embedding and sectioning methods therefore are avail-
able to identify and localize specific biological molecules. In
the case of nucleic acids, specific nucleic acid targets can be
detected by, for example, in situ hybridization and amplifi-
cation of specific sequences by the polymerase chain reac-
tion (PCR) and other nucleic acid amplification techniques
(LCR, RCA, SDA etc).

The method of embedding is one that preserves the
desired characteristic or characteristics of the binding com-
ponent in a biological cell. Thus, if antibodies were immo-
bilized in a cell and it is the antigen-binding specificity of the
antibody that is desired, the immobilization method will be
one which retains the antigen-binding ability of the antibod-
ies. The method and means of attaching the fibers to form the
array are also ones which retain the antigen-binding ability
of the antibodies.

Similarly, if the cells contain candidate molecules for
binding to a hormone receptor, the immobilizing and attach-
ing method and means are those that retain the configuration
of the candidate molecules that allows recognition and
binding by the hormone receptor.

In addition, many protein or carbohydrate antigens may
be detected using immunological reagents. Detection is
generally by incorporation of a fluorescent dye into the
analyte or into the second layer of a sandwich assay, or by
coupling an enzyme to an analyte or a second or third layer
of a sandwich assay that produces an insoluble dye, which
may be fluorescent.

Some solid phase surfaces may be used directly to immo-
bilize reactants; others must be modified to allow such
additions. Antibodies will adhere to clean polystyrene
surfaces, as will many other proteins (Van Oss, C. J., &
Singer, J. M. The binding of immune globulins and other
proteins by polystyrene latex particles. J. Reticuloendothe-
lial Society 3: 29040, 1966.) Polystryene, either in the form
of microtiter plates or beads, has been modified to bind
biological molecules, such as, polynucleotides, polypeptides
and polysaccharides. Perfluorocarbon (such as fluorocarbon
polymers known as Teflon®), including polytetrafluoroeth-
ylene (PTFE), polyvinylfluoride, poluvinylidene difluoride
and perfluorodecalin, surfaces bind proteins or other bio-
logical molecules (U.S. Pat. No. 5,270,193). Such surfaces
can be made to include fluorinated surfactants, which may
render the surface hydrophilic, or positively or negatively
charged. Glass, including controlled pore glass, may be
modified to allow covalent attachment of antibodies,
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antigens, polysaccharides, polynucleotides, nucleic acids
and the like. Plastic surfaces may be modified non-
specifically using corona plasma discharge or electron beam
radiation and then may be coated with a variety of coatings
or adhesives to which macromolecules may be attached.
More specific covalent attachment of biological molecules
may be achieved by a variety of modifications, which attach
reactive groups to polystyrene, or acrylic surfaces, which
groups, with or without extending linkers, then will couple
under mild conditions to the biopolymers.

A variety of chromatographic media also has been
adapted to support immobilized bioreactants. Such media
include soft gel beads, generally composed of acrylamide,
agarose, Sepharose, which may be chemically cross-linked,
and less compressible beads designed for high-pressure
chromatography. A natural product useful as an immobili-
zation support is cellulose, which is readily available in
powdered form. The supports may be modified chemically
to allow covalent bioreactant attachment, or may be pur-
chased in modified form ready for attachment.

Long DNA or RNA molecules may be immobilized by
being polymerized in a gel and are retained purely by
physical entanglement. An example is the retention of DNA
in agar or acrylamide gels. In addition, other biological
molecules, such as polypeptides, proteins, polysaccharides
or nucleic acids may be linked covalently to long polymers
so that, when embedded in a gel, diffusion does not occur
and the biological molecule remains available for reaction
with soluble reactants. Examples include the attachment of
proteins or nucleic acids to polyethylene glycol (so-called
PEGylation) or to linear acrylamide chains.

In addition to methods by which a receptor or molecule of
interest is immobilized and used to bind an analyte, general
methods exist for immobilizing members of a class of
reactants. For example, protein A or protein G may be
immobilized and used subsequently to bind specific
immunoglobulins, which in turn will bind specific analytes.
A more general approach is built around the strong and
specific reaction between other ligands and receptors such as
avidin and biotin. Avidin may be immobilized on a solid
support or attached to a gel and used to bind antibodies or
other reactants to which biotin has been linked covalently.
That allows the production of surfaces to which a variety of
reactants can be attached readily and quickly (see Savage et
al., Avidin-Biotin Chemistry: A Handbook. Pierce Chemical
Company, 1992).

A wide variety of methods has been developed to detect
reactions between immobilized molecules of interest and
soluble reactants. The methods differ chiefly in the mecha-
nism employed to produce a signal and in the number of
different reagents that must be sandwiched together directly
or indirectly to produce that signal. Examples include fluo-
rescence (including delayed fluorescence) with the fluores-
cent tag covalently attached to the analyte, fluorescence
involving soluble dyes, which bind to an analyte, and similar
dyes wherein the fluorescence thereof greatly increases after
binding an analyte. The latter can be used to detect nucleic
acids. In more complex systems, including so-called sand-
wich assays, the result is the immobilization in the detection
complex of an enzyme that, in combination with a soluble
substrate, produces a preferably insoluble dye that may be
fluorescent. Alternatively, the detection complex attached to
the bound analyte may include a dendritic molecule, includ-
ing branching DNA, to which is attached many fluorescent
dye molecules.

Methods for making dental floss having attached short
transverse fibers to give a brush-like configuration may be
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modified to allow attachment of reactants. Patterns encoding
identifying information on strands or fibers may be
employed in the form of small linearly arranged dots. In the
development of multifiber endoscopy arrays, methods for
checking the array have been developed in which a light
beam or raster image is introduced at one end of the fiber
bundle in such a manner that the light sequentially illumi-
nates each fiber. The pattern of emitted light exiting the other
end then is determined. If identical, no fiber is out of place.

The art of detecting bubbles or voids in liquid filled tubing
is known and may depend on differences in refraction, light
absorption or fluorescence as measured along individual
tubes.

The art of using centrifugal force to fill short lengths of
tubing with viscous media is evident to those trained in the
arts.

Microtomes for sectioning tissue blocks which may con-
tain samples ranging from soft tissues to bone, often in
blocks of embedding material (e.g. wax), are commercially
available, as are a variety of techniques and arrangements
for attaching sections to glass or plastic slides, for treating
the slide automatically to remove some or all of the embed-
ding media, and for systematically exposing the slides to a
series of reagents.

Microtomes and other sectioning or cutting instruments
capable of cutting assembled bundles of tubes into thin
sections, and of maintaining the orientation of the compo-
nent tubes after sectioning are known. Blade cutting may
reduce contamination of binding components between cells
of the microarray.

The microarrays can be of any thickness as required by
the anticipated use thereof. Another determining factor
might be the rigidity of the fiber bundles. It is likely the
sections will be less than 1 cm in thickness. It is likely the
sections will be less than 50 mm in thickness. As will be
exemplified in further detail hereinbelow, sections can be on
the order of microns in thickness.

The sections (as microarray chips) may be attached
directly to adhesive surfaces on flexible films or on solid
surfaces, such as glass slides. It is also feasible to attach
sections (the word “section” is used here in place of “chip”)
at intervals along a film strip, with others interleaved ther-
ebetween. Thus, a set of about a dozen or more sections that
are different may be placed in repeating order along the film,
and the film then cut to give one set. For sequencing studies,
one DNA insert may be amplified, labeled, and the hybrid-
ization pattern thereof to a large set of sections examined.

By using a non-deformable bundle of fibers, one can cut
or saw the bundle transversely thereby forming a large
number of identical plates that are perfectly realignable.
That permits highly consistent and reproducible arrays. By
using an easily detectable different material for one or more
fibers, as a means for registering the microarray alignment,
realignment can be facilitated.

Most immunochemical or competition assays depend on
a signal produced by a reagent other than the analyte.
However, methods for fluorescently labeling antigens, such
as proteins containing aliphatic amino groups in a complex
mixture have been developed which are reproducible and
quantitative. For example, CyDyes supplied by Amersham
Life Sciences, and particularly, Cy2, Cy3 and Cy5 are
useful. When the components of such labeled mixtures are
reacted with an array of immobilized antibodies, each spe-
cific antibody binds to one of the fluorescently labeled
analytes, and the presence of each of the specifically bound
labeled analyte can be detected by fluorescence. That
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method can be improved further by exposing the bound
antibody array to a solution containing known subsaturating
quantities of each analyte protein in a non-fluorescent form,
washing the array, and exposing the array to a test mixture
of labeled proteins, thus producing a multiple competition
assay.

Any of the conventional binding assay formats involving
an immobilized binding partner may be used with the
microarray systems of the instant invention. Briefly, the
microarray may have either plural ligands or plural receptors
and the analyte may be either plural ligands or plural
receptors. Competing elements that bind to either the ana-
lytes or the microarray cells may be added. The sample may
be labeled and/or the competing element may be labeled
and/or the microarray cell may be labeled. The labels may be
interacting with each other to make a detectable signal or
product, or to quench a signal or product. The number of
different combinations is in the dozens and any may be used
in the instant invention as well as different combinations for
different cells of the microarray assay.

Often several different clinical tests are required to define
a particular disease. The multiple tests often are done
serially, with one test or member of a battery of tests
suggesting another, which in turn suggests a third test or
group of tests, some of which are rarely done in local
laboratories. There is therefore a need for inexpensive chips
for the performance of a series of branching batteries of tests
conducted simultaneously, using methods that produce accu-
rate numerical results in a machine readable form, which are
stable over time, and which are read by devices that can be
compact and inexpensive relative to currently clinical ana-
Iytical systems.

Many biochemical analyses require that the analytical
procedure have wide dynamic range. Thus, enzyme and
immunochemical assays often are done by determining the
course of a reaction over a period of time, or by doing
multiples analyses on a series of dilutions. Such analyses
may be done by “reading” the microarrays at intervals
during exposure to an analyte mixture of a developing
reagent. In addition, parallel analyses using standards and
blanks (controls) are required and are included. Large num-
bers of standardized inexpensive biochips will be required to
meet such needs. The biochips may incorporate reactants of
different classes that can, for example, detect and measure
antigens, drugs, nucleic acids or other analytes.

Arrays have numerous uses other than determining bio-
active properties. Chemical interactions and reactions may
be tested as well. Such an assay can, for example, enable
testing different reactive chemicals simultaneously against a
test substance or material to determine corrosion, electro-
chemical reaction or other interaction. That is particularly
advantageous in the chemical formulations of plural sub-
stances such as in cosmetics, paints, lubricants etc.
Alternatively, one may assay for desirable interactions
between the analyte and all of the molecules of interest in the
array.

A general problem with use of gels for the immobilization
of reactants has been that reactants, which may attach to
gel-immobilized agents of interest, require considerable
time to diffuse into and out of the gel. Where the detection
is by fluorescence, inclusion of a dye absorbing the excited
light into the gel limits detection to a region close to the
surface. Inclusion of the ultraviolet light absorbing
monomer, 4-methacryloxy-2-hydroxybenzophenone
(Polysciences, Inc.) in an acrylic embedding medium can
solve the problem. Addition of a quenching molecule such
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as DABSYL or DABCYL to accept the vibrating excited
moieties before fluorescence emission also may be of use.

When one wishes to enhance binding between analyte and
binding partners on the surface area of particles in a fiber of
the microarray, one may etch the embedding matrix of each
fiber, thereby exposing more of the surface area of particles
in each fiber of the microarray.

When performing a binding assay, one may wish to
encourage diffusion of the analyte into the microarray cell to
increase ligand/receptor binding (sensitivity), to make the
microarray more quantitatively reproducible and to enhance
spectrophotometretic detection if done by passing light
through the microarray. To enhance diffusion through the
microarray, one may force the ligand through the microarray
gel material. That may be done by mounting the microarray
on a porous membrane and passing the ligand and or ligand
solution through the microarray by hydrodynamic, electro-
phoretic or mechanical means. For example, fluid may be
flowed through the microarray by pressure difference on
each side of the membrane. Fluid also may be drawn through
by simply applying a stack of paper towels on the backside
of the membrane to draw fluid through the microarray. As
for electrophoretic means, a potential is applied across the
microarray either across the entire microarray or using
single point electrodes located on both sides of a single or
group of cells of the microarray. Mechanical means may
involve a pump of various configurations to mechanically
push or pull fluid through the microarray by providing a
pressure differential.

Using a porous membrane also has certain advantages in
washing the microarray to achieve lower backgrounds. If
porous particles or threadlike components are embedded
within the fiber, sectioning through the porous particle or
threadlike component may make the resulting structure more
porous and allow greater surface area contact to both
reagents and washing. Etching of an embedding medium or
capillary also increases porosity and exposure to the immo-
bilized molecules of interest.

If a porous particle is sectioned, preferably twice, larger
channels allowing passage that is more fluid may be present.
Fibers with sectioned particles may be mounted over per-
meable membrane supports or over holes in a solid base
support. The result allows fluid to pass through the cells of
the microarray.

By using the instant invention, one avoids the difficulties
of individually spotting each cell on a solid phase or forming
a compound at each cell. The former method is limited by
human intervention and apparatus, as well as the ability to
measure quantitatively small amounts of liquid. The latter
technique is limited by the types of compounds that can be
synthesized on the solid phase. Both prior art techniques are
expensive and require elaborate automated equipment or
tedious labor as each array is produced individually. By
contrast, the instant invention is technically simple and
quick where the “batch” is in the thousands to millions of
microarrays. The only individual effort required for each
microarray is the step of cutting.

Microarrays prepared from sets of stored reagents or by
the synthesis of different reactive sequences or compounds
on the base chip present difficult problems in quality control.
With large arrays, each reagent in final form cannot be
separately assayed before being used, nor can the correct-
ness of the in situ synthesized sequences be assured until
after a set of arrays has been manufactured. If errors or
substandard components are discovered in a batch of arrays,
all must be discarded. Those problems limit the use of
“biochips” in routine clinical studies.
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It is known that immobilized proteins and nucleic acids
are more stable, especially in a dry state than in solution.

The agent of interest in the instant invention may com-
prise a very broad range of chemicals, complexes, biological
cells or fractions thereof. Nucleic acids, many proteins,
proteins which have been modified or are coated with
detergents such as sodium dodecyl sulfate are soluble in
organic solvents and a wide range of organic compounds and
thus can be incorporated into polymerizing mixtures such as
those used to produce plastics. Hence, it is technically
feasible to produce long fibers of acrylic or other plastics
each containing a different agent of interest using currently
available extrusion technology for practice in the instant
invention.

Large numbers of different and potentially new active
compounds may be screened simultaneously by immobili-
zation in fibers, bundling, sectioning and forming a microar-
ray. Peak fractions from separations, such as plant extracts,
may be collected simultaneously and used to form a microar-
ray. The microarrays then may be used in a large number of
assay systems simultaneously, dramatically reducing the
time and effort to screen all of the compounds present for
whatever activity one chooses.

Particularly preferred are large numbers of proteins or
peptides generated by mass techniques. Different fractions
from a separation technique from a natural source provide a
resource of many different proteins and peptides. A number
of fractionation procedures are known to separate mixtures
of many compounds. Different fractions or specific compo-
sitions may be used to form a single fiber. Two dimensional
electrophoresis gels from serum and other tissue and natural
sources produce thousands of different proteins separated on
the gel. Each may be removed individually (e.g. cut, eluted
etc.) from the gel and used as the molecule of interest to
form a single fiber. In such a method, with different bundles
being formed from different samples, protein differences
between different samples may be readily compared.

When the immobilized macromolecules are antibodies,
the microarray may be used to diagnose a variety of protein-
based anomalies. A labeled second antibody to the protein of
interest may be used to highlight the cell further. In addition,
the array may be used to immobilize infectious agents,
which have been either stained previously or which, are
stained after immobilization. Thus, microbes from biologi-
cal samples, e.g. serum or plasma, may be concentrated,
stained with a fluorescent nucleic acid stain, such as
TOTO-1 or YOPRO-1, and then allowed to find matching
antibodies on the array. Then the bound analyte may be
detected by scanning for fluorescence and identified by
position.

It is equally a part of the instant invention to immobilize
microorganisms or other molecules of interest and use the
immobilized reagent to localize antibodies from a fluid from
an individual, and then discover the location of the latter
using a fluorescent anti-human antibody, thus diagnosing a
disease which elicited antibody production in the first place.

Arrays have been prepared using phage display with
inserts from specific genes, using synthetic oligonucleotides,
or, to a limited extent, using displayed antigens or antibod-
ies. In the instant application, a population of peptide or
antibody display phage may be used where each display
phage is used to prepare a single fiber. In such an
arrangement, the phage is large enough so that some portion
of each surface molecule will remain embedded in the gel or
plastic, while another part will be exposed. The molecule of
interest may be bound to the fiber per se, entrapped inside
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the matrix or bound to a solid phase particle or tiny structure
that is in or on the fiber. The phage, recombinant bacteria or
other complex biostructure also may be fixed and the
contained proteins cross-linked using glutaraldehyde or
similar fixative, if desirable.

Each fiber may contain a mixture of molecules of interest.
For example, during chemical synthesis, a number of iso-
mers are prepared. It is convenient to not separate the
isomers before forming a fiber in some circumstances.
Likewise, when fractionating a mixture, forming a fiber with
a mixture of receptors may be acceptable as total and
complete isolation is difficult and time consuming.

When a collection of fibers are used, or in other embodi-
ments wherein, for example, particles are embedded in a
matrix to form a fiber, a filling material to maintain the
relative positioning of the fibers along the length of the
bundle may be desirable. Various glues and adhesives are
known in the art. For example, a filling composition com-
prising an oil constituent with is a relatively high molecular
weight aliphatic hydrocarbon of at least 600, an inorganic
constituent and a block copolymer thicken yet reduce the
viscosity of the material. An antioxidant also may be
included. See, for example, U.S. Pat. No. 5,187,763.

The filling material selected is one that maintains the
fibers in register, can be cut and does not interfere with any
downstream procedures to which the microarray will be
exposed. For example, other materials that can be used are
polymerizable materials, such as a polyacrylamide.

The embedding matrix for the fibers may be black, opaque
or otherwise adsorbent to emitted signals of a label to reduce
cross talk between the cells in the chip. Additionally, any
adhesive between the fibers may contain the same adsorbent
material to reduce background between cells of the microar-
ray. Optionally, a specific layer of the material may be
placed between the fibers before the bundle is formed. When
hollow fibers are used, the opaque material may be incor-
porated into the hollow fiber shell itself.

Arrays may have an entire set of antigens/antibodies etc.
in the various cells along with controls to screen blood
samples for common blood borne diseases before donated
blood is provided for transfusion. Likewise, certain symp-
toms have a number of common causes that may be screened
simultaneously for using arrays. For example, urinary tract
infections are common and may be caused by a large number
of different bacteria of varying sensitivity to various antibi-
otics. The simultaneous testing for a number of different
factors would save considerable time and expense.

In the course of using a chip of the instant invention,
various known techniques and materials are used to reduce
non-specific reaction. Thus, in the case of a protein-based
assay, the non-specific sites on the chip contributed by the
substance of the fiber or filament, the embedding material
and essentially everything aside from the binding compo-
nent of interest may be reacted with a blocking agent, such
as albumin or milk, so that the blocking agent will bind to
those areas not containing the binding component which
could react with a ligand, analyte, reporter molecule or
whatever would specifically bind to the binding component,
as known in the art.

Arrays may have two or more identical cells made from
different fibers but containing identical binding agents. That
provides an internal quality assurance check for the array.
Additionally, it is preferred for some of the cells to provide
different concentrations of the binding component for quan-
titative measurement of an analyte. Those provide internal
standards for the microarray for both qualitative detection
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and quantitative detection. For example, a series of cells
may contain different concentrations of an antibiotic. When
a sample microorganism is contacted with the cells and
allowed to incubate, the absence of growth in one cell and
the presence of growth in another cell provide an approxi-
mate minimal inhibitory concentration. The same can be
done for determining minimal bacteriocidal concentrations
when stained with a vital dye such as trypan blue or
fluorescein acetate. Since a microarray may contain thou-
sands of cells, one can determine the antibiotic sensitivity to
numerous antibiotics simultaneously. Quantitative determi-
nation of other biological activities with either ligand or
receptor immobilized in the gel may be used.

Essentially the same fiber may be used multiple times in
the same microarray. That provides an internal quality
control check and improves confidence in the binding assay.
That also provides additional quantitative measurements if
such an assay is performed to improve precision. Blank
fibers, fibers with no molecule of interest bound thereto,
provide a good negative control and should be-used in every
microarray.

Long filaments, capillaries or coaxial two-material fila-
ments are arranged in parallel and then sintered or adhe-
sively bonded to form bundles which are preferably resistant
to deformation, and in which each strand or capillary is
continuous from one to the other. The positional arrange-
ment of fibers or capillaries should remain the same through-
out the bundle. Filaments composed of two different types of
material in coaxial formation may be used. The core material
is made of a material, which can be dissolved, and the
cladding being resistant to the same dissolving conditions.
For example, strong alkali is capable of dissolving certain
types of glass but not others. The dissolving step may occur
before or more preferably after sectioning depending on the
materials present.

Alternatively, the cladding may be dissolvable and the
core resistant leaving isolated “islands” on a microarray
attached to a backing sheet. In either situation, the space left
by the dissolving step may remain empty or be filled with a
diverse material. Partial dissolving to yield a porous material
is also part of the instant invention. Porous materials have
increased surface area, which is particularly desirable for
binding assays.

Particles, especially porous beads, may also be “chemi-
cally sintered” to form a filament, sheet or inside of a
capillary. That technique also may be used to adhere differ-
ent fibers together. One such way is first to bind a molecule
of interest to the particle. A blocking agent may be added to
block any remaining active sites or adsorption areas on the
particle. If not already done, the beads are packed in a tube
or the hollow fiber. A chemically reactive compound which
crosslinks or couples either the blocking agent and/or the
molecule of interest and/or unreacted sites on the beads then
is added and at the locations where the beads touch, chemi-
cal adhesion results. The tube or hollow fiber may remain in
place or be removed. The molecules of interest in the
internal pores of the beads are not touching and thus are not
altered significantly. Alternatively, the pores of the beads
may be filled with a hydrophilic solution and held by
capillary action while the spaces between the beds are filled
with a hydrophobic adhesive or setting liquid.

A representative example of chemical sintering is to
adsorb Protein G on porous beads and then to add a gelatin
blocking agent. The resulting beads are filled in a 1 mm
plastic tube and then a protein crosslinking agent added, e.g.
carbodiimide. After the reaction is complete, unreacted
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reagents are washed free and then any suitable antibody of
interest is added thereto to bind to Protein G, thereby
forming a fiber suitable for bundling and cleaving to make
a microarray.

Alternatively, the surfaces of the particles may be biotin-
tylated first and avidin may be used as the crosslinking
agent. One may use avidin labeled antibodies instead of
adsorbing Protein G to the beads. Another alternative is to
use relatively large porous beads and an adhesive or embed-
ding medium to fill the spaces between the beads. When the
fiber is sectioned, the beads are so large so as to be cleaved,
thereby opening up the inside of the beads for the bound
molecules of interest to be exposed. Hollow beads or
microballoons may be used in lieu of porous beads, as
molecules of interest encapsulated therein will be exposed
on cleavage of the bead. The concept is the same as
sectioning a tissue or embedded cell to expose and visualize
intracellular features.

Additionally, one may use two different sets of beads: set
one is porous and has the receptor/receptor binding sub-
stance bound thereto, and the second set is coated with
highly reactive material or modified with a reactive group
which will bind to the first set of beads or coating thereon.
A tube first is filled with both beads in dry form, the tube
shaken and then fluid is pumped therethrough permitting a
reaction to occur thereby forming a solid fiber of beads.
Alternatively, if the first set of beads is quite large, the beads
may be added first (with or without fluid) and the second set
added later so that the beads filter down through the spaces
between the larger beads and react accordingly. The reaction
between the beads may be through specific binding moieties
or of a non-specific binding reaction to form a crosslinking
of the beads into a sliceable solid. The second beads may be
black to reduce stray light in the fluorescence detection.

After the fibers in the bundle are fused or otherwise
adhered to each other in a fixed pattern, the bundle is cut
transversely or at an angle into many thin disks and portions
are optionally dissolved if desired. When hollow capillaries
are used, the resulting disks may be used as channel plates
for the amplification of optical images and light pipes.
Regardless of whether rods or fibers are used, the thin disks
also may be used as filters because of uniform hole size.

Each fiber segment in the sectioned two-dimensional
array would contain relatively large numbers of binding
components, such as DNA, RNA, or protein molecules. As
a first step in the use of the final array, a solution, which can
erode the plastic surface of the array very slowly, is washed
over the surface. That is done at a rate, which will remove
any biopolymer molecules that become loose. The wash then
is continued, grading into a solution that will not erode the
plastic. The array then may be dried and stored until used,
or may be used at once. To assist in exposing reactive agents
of interest in the plastic, particles on the surface are
dissolved, forming a solution and exposing the molecules.

Because each fiber has the molecule of interest in the
same form as will be present in the microarray, one can
perform a quality control check on the fiber itself rather than
using the entire microarray. That is particularly important
when the microarray is used for diagnostic purposes. Sam-
pling microarrays from a batch may be a quality control
check but it does not actually check the microarrays being
sold. By contrast, small slices of the fibers themselves are
being used in the instant invention. Assaying the fiber itself
represents an actual test of every microarray that has a slice
of that fiber as a microarray cell.

By contrast, with solid phase in situ synthesis of a
molecule of interest directly on each cell of the microarray,
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none of the actual compositions to be used containing
molecules of interest is actually tested after synthesis.
Rather, spot checking is relied on for quality assurance. In
microarray manufacture by spotting liquid droplets on a
solid phase, one may test the liquids as a quality control
check. However, the liquid samples do not represent the
quality of the dry molecules of interest immobilized on a
slide. Therefore, the quality control check is not the same as
the actual product being sold. Again, one lacks any quality
assurance for the actual compositions in the cells of the
microarrays being sold.

For quality control in the instant invention, the fibers may
be individually assayed, assayed in ribbons or small groups,
or assayed as part of the whole bundle before slicing.
Furthermore, by testing one final microarray, one has effec-
tively tested all of the microarrays as the composition of the
fiber is the same as that portion of the final product.

For clinical tests, regulatory approval of tests and systems
and methods for making same is required. When chips are
fabricated using photolithography and other technology
derived from electronic chip making, the cost of individual
chips is extraordinarily high, and the possibility of error
when chips are made individually is very high. Since chips
are made individually and used only once, quality control is
difficult and there is no good way of proving that any given
chip is satisfactory. The best that can be done is to test a large
fraction of a batch at random. With the instant invention, a
very large number of sections can be made from one
composite assembly, and adjacent sections intercompared as
well as those some distance apart. Statistical analyses will be
able to predict the rate of errors that may occur. However, of
even greater importance is the fact that since the sections can
be made in large numbers and quite cheaply, it will be
feasible to run duplicate analysis on clinical samples, and to
run confirmatory analysis when important diagnostic results
are obtained. The instant invention therefore makes feasible
widespread and routine application of genetic analyses in the
practice of medicine.

The key agent of interest components of the fibers is
retained by the fiber by being immobilized therein. Immo-
bilization may be accomplished by a number of techniques,
known per se, such as entrapment in a matrix and chemical
coupling, perhaps through a linking moiety through an
amino, hydroxy, sulfhydryl or carboxyl moiety. Chemically
attaching the chemical to a monomer or being used as a
monomer to be polymerized also effectively incorporates the
component. Binding also may be accomplished by a number
of affinity techniques such as protein A or protein G for
antibody attachment, ligand/receptor pairs such as biotin-
avidin, HIV-CD4, sugar-lectin or through a ligand that has a
receptor such as digoxigenin-antidigoxigenin. On the other
hand, no specific attachment is required for situations where
a gel or a non-gel, gelling matrix, such as wax, silicone
polymers and silicone emulsions may be used. Liquid wax
or a gelling agent simply is mixed with the key component
and cooled to form a solid fiber by casting or extruding.

Arrays need not be assembled in a single step. Flat arrays
consisting of a set of tubes arranged side-by-side may be
prepared first, and the end of the array sectioned and tested.
The flat arrays then can be attached together with a suitable
adhesive to give a three-dimensional bundle. The use of
intermediate flat arrays means that those can be prepared and
stored, and custom two-dimensional arrays can be prepared
by selecting and attaching together different one-
dimensional arrays. The stepwise assembly procedure pro-
vides inspection at each step, minimizes losses due to errors
or low binding efficiency of one rod or tubule, and provides
flexibility to assemble new patterns of reactants.
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For general clinical use, it is important to have identifiers
on the slide holding the chip, and identifiers may be integral
with the chip itself. FIG. 5 illustrates chip 40 with array
elements 41, and with a barcode 42 printed along one border
to provide identification and orientation. In addition, small
concentrations of dyes, usually non-fluorescent, may be
incorporated into the polymers from which selected tubes
are made such that they present a pattern 43 to 44, for
example, of one or more numbers, or one or more letters. It
is also useful to have a few cells or elements which do
incorporate fluorescent dyes and which serve to calibrate the
fluorescence measurements. It is further feasible to intro-
duce dyes into the contents of selected tubes to additionally
identify them. Note that the diagonal line 43—44 further
indicates that the horizontal rows of tubes from which the
array is assembled, are in the proper order. If tubes in an
array are out of alignment giving rise to the loss of one tube
or rod in one line, this can be readily observed because the
entire pattern will show a misalignment.

The embedding material or adhesive used to hold the
tubes in a bundled configuration may be opaque, while the
tubes and preferably the contents thereof will conduct light
along the entire length. As a final check on the orientation of
array elements, one element at a time at one end of the
bundle may be illuminated, and the light detected and related
to array position at the other at the other end as shown in
FIG. 6 where bundle 50 with fibers 51 is illuminated by a
cathode ray tube (CRT) 52 generated raster 53 which is
focused on the distal end of the bundle by lens 54, and the
transmitted light recorded by CCD camera 55. Individual
spots 56 yield signals 57 that are detected.

An arrangement for detection using epifluorescence is
shown diagrammatically in FIG. 7 where chip 60 is illumi-
nated by beam 61 generated by lamp 62, which passes
through filter 63 to isolate light of a wavelength optimal for
exciting fluorescence. A split-beam prism 64 directs the
exciting light toward chip 60. The emitted light passes back
through the split-beam prism after which the emitted wave-
lengths are isolated by filter 65 and detected by CCD camera
66. Different systems for detecting fluorescence patterns on
chips are known to those skilled in the arts.

As an alternative method to forming fibers before
bundling, one may first form the fibers by cleaving them
from a larger material. In FIG. 8, a sheet of adsorbent
material 70 is impregnated with a single ligand or receptor.
That may be done by dissolving the compound in a solution
and then impregnating a sheet of adsorbent paper (e.g. filter
paper). A crosslinking agent may be added to attach the
receptor to the cellulose base of the paper or other support.
Alternatively, one can crosslink paper pulp to the receptor
and then form the sheet of paper or felt. That alternative
technique provides a more consistent and uniform distribu-
tion but requires greater amount of receptor. Either way,
sheet (70) is produced. Many different sheets are prepared,
wherein each sheet contains a different receptor.

The sheets then are stacked together (like a book) with
adhesive and optionally an inert sheet (not impregnated,
preferably black) as a spacer between each sheet of paper.
That forms a book (71). One then takes the book to a paper
cutter or similar sectioning instrument and a very thin strip
(72) is cut which resembles the “ribbon” of FIG. 1, object
(2). The rest of the process is similar to that shown in FIG.
1. Multiple strips (72) from different books are stacked to
form a bundle (73) that then is cut transversely to form a
microarray (74). An adhesive preferably is added to the
ribbons to adhere them. Alternatively, an adhesive may be
applied to a solid phase or the end of the bundle and the solid
phase adhered to the bundle end before sectioning.
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Other films, which adsorb protein, such as nylon films,
may be used. Inert films such as polyolefin, activated using
heterobifunctional photoactivatable crosslinking reagents or
simple polyurethane film such as that of Thermedics may be
used. One may use different proteins on different sides of the
sheet or film and separate the sheets with an inert sheet to
separate cells (sectors) and signals in the final microarray.

The fiber material is preferably glass, metal, plastic or
other polymeric material. For coaxial composite fibers, the
dissolvable component may be made of a much wider
variety of materials. Each material may be a composite of
two or more components. The fibers may act as light pipes
or total internal reflection fiber optics to transmit positional
alignment and information regarding chemical and biologi-
cal reactions occurring on the surface. The fiber material
preferably is chosen to support attachment of cells and
molecules of interest such as oligonucleotides, peptides and
polysaccharides. Hollow fibers may be used to store cells in
fresh, frozen or dried condition. Light and electrons emitted
directly or indirectly from a reaction or component inside
the fiber, particularly a hollow fiber such as a capillary, may
be amplified and easily detected when the fiber material is
made of glass or other transparent or translucent material.
The fiber material may contain a component to react with,
detect or convert into another form, the light, electrons or
other chemical components emitting from the components
or reactions occurring in the fiber. Detection of chemilumi-
nescent reactions in or on the fiber is a suitable method.

Gelling materials used in the present invention may be
selected from a large number of such known materials.
Polymers such as agarose, gelatin, collagen, xanthene,
carrageenan, alginate, or a thermosetting, thermoplastic,
chemosetting or UV polymerizing polymer may be used.
Non-polymeric gelling materials including waxes and clays
may be used. Hydrogels are particularly preferred when a
reaction occurring between the agent of interest and an
added substance for interrogation requires an aqueous envi-
ronment. The polymerizing agent or setting agent may be
added after the fiber has been cast by submerging the cast in
a solution of the agent or passing the agent along the outside
of the fiber cast.

Hydrogels have many desirable features such as variable
gel porosity, ability to bind proteins during or after
polymerization, low non-specific binding, transparency,
harmless polymerization byproducts, controllable polymer-
ization open time, usable with a variety of solvents and so
on. Isocyanate polyurethane liquid prepolymers are pre-
ferred.

Those may be modified further by using thickeners, gums,
hardening and crosslinking agents, plasticizers and various
combinations of gelling materials. In general, the gelling
material should be sufficiently inert to not interfere with an
interaction between the binding component and an analyte.

In the instant invention, an agent of interest is extracted
into an organic solvent, which is miscible with either a
thermosetting plastic mixture, or one that is polymerized
chemically or by UV or ionizing radiation. That may be done
by coating the agents with detergents or other reagents,
which will enhance solubility under the conditions chosen.
The mixture then is extruded into long fibers or cast into
fibers. The fibers would be identified by tags on the end of
the fiber or by tags on the rolls carrying the fibers, and/or by
incorporating different dyes therein. A barcode also may be
printed directly near the end of fibers. Thermoplastic poly-
mers may be used when the embedded product is sufficiently
thermostable. Some of the fibers may be colored differently
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to assist in the localization of specific ligands in the array or
to identify the array itself.

The solvent may be miscible in the gelling material or
may be extractable or volatile to render a porous final
product. Porous products are particularly preferred with
solid filament fibers that are self-supporting.

The fibers or the gelling material thereof also may contain
a dye or other optical absorber so that only analyte/binding
components on the surface of each cell are visualized. Such
an improvement reduces the effects of diffusion rates
through a gel or porous material that may change with
temperature, time, type of carrier liquid, etc. A dye that
adsorbs UV or emitted fluorescence will reduce fluorescence
from non-surface analyte/binding component reactions.

Different dyes (fluorescent or non-fluorescent) may be
incorporated into individual fibers. The permits the location
of the individual fibers in the two-dimensional array to be
confirmed.

The solid filaments or capillary tubes comprising the
fibers may be adhered to each other by a variety of tech-
niques. If the components are sufficiently heat stable, the
fibers may be sintered together. Alternatively, a number of
adhesives are known, including cyanoacrylate adhesives.
The space between the fibers may be filled completely by
adhesive or a monomer, which is polymerized. Thermoplas-
tic and gelling materials also may constitute the adhesive by
causing a large number of fibers to be held together in a
block. Even inert materials such as Teflon® tubes may have
the surfaces thereof made reactive with sodium metal in a
hydrocarbon solvent to etch the surfaces. Non-chemical
means, such as passing an electrical current through the
fibers to fuse the fibers also may be used.

The open ends of the capillaries may be sealed against a
flat plate, by pressing a deformable material against the
surface, evaporating a plastic (e.g. paralene) on the surface,
or by sealing with a chemical such as a thermoplastic or
thermosetting plastic material.

There are two basic options for making two-dimensional
arrays from such fibers. The first is to make and evaluate
ribbons, and then to form a set of ribbons into a long
rectangular bar, while the second is to make the bar at the
outset, and then all of the fibers together in one step. The
former option appears the more advantageous since the
ribbons can be evaluated individually before being formed
into a complete array. Once the two-dimensional array bar is
formed, it can be sectioned using conventional microtomes
to form a very large number of slices that can be attached,
for example, to glass, metal, or plastic. Alternatively, one
may first attach the solid phase material to the end of the
bundle before sectioning the bundle. That may be performed
by first coating either the end of the fiber bundle or the solid
phase with, if necessary, an adhesive such as a cyanoacrylate
adhesive or a pre-sectioning or post-sectioning sintering.

Dyed fibers would be visible in such arrays to confirm
identification and orientation. In addition, the fibers can be
dyed in such a manner that a visible pattern is formed if the
array is made correctly, and the pattern may include a name
or a number.

An advantage of the instant system is that very large
numbers of arrays may be cut, and some fraction used for
standardization. For example, if a bar 100 cm in length were
constructed, and if the bar were cut at 100-micron intervals,
then 10,000 arrays would be available. If the sections were
10 microns in thickness, then the number of arrays would be
100,000.

If the individual fibers were 100 microns in diameter,
there would be 100 fibers per ribbon, and 10,000 in a bar of
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fibers with a cross-sectional area of 1 cm square. If there
were 330 per ribbon, then the total number would be
108,900, approximately the number of expressed genes
postulated to be present in the human genome.

The instant invention is the first array to have such a large
number of different cells per unit area on a microarray
without the binding agent being covalently attached to the
chip. It is preferred for the instant invention to have at least
100, more preferably 250, 500, 1,000, 5,000, 10,000, 100,
000 or a million or more cells per square centimeter of array.
That is a much higher concentration than depositable cells
formed by microfluidics in commercial microarrays.

To increase greatly the number of cells per square centi-
meter beyond even such high numbers, one may prepare a
large fiber bundle with relatively large fibers and stretch or
draw the bundle. While that makes the individual fibers
thinner, the basic composition or orientation with respect to
each other and cross-section geometry will not be altered.
That technique has the twin advantages of allowing one to
make more microarrays and smaller microarrays. By using
conventional 5 micron porous particles (as in the Example
below) and a plastic embedding medium such as a low
melting point wax, the result is deformable or ductile fibers
which may be drawn to very thin fibers of less than 20
microns in diameter. The field of drawing thermoplastic
materials is well known per se. Even if not truly drawable
through a die, one can pull or extrude plastic materials
between rollers to lengthen and reduce the diameter of the
fibers. With optional application of gentle heat, one need
only pull the ends of the fiber bundle to generate the same
lengthening and reducing of cross-sectional area. With
smaller, porous particles, the fibers may be drawn to even
thinner dimensions thereby permitting microarrays of up to
at least about 10 billion cells per square centimeter of
microarray.

In the field of fiber optics, bundles of optical fibers are
heated and drawn into extremely thin optical fibers while
retaining registry within the bundle. Likewise, candy canes
and candy with cross-sectional designs are prepared by
drawing a large block. Even glass beads used for hundreds
of years also were prepared by such techniques.

High concentrations of cells (sectors) in a microarray
have been achieved using photolithography where the mol-
ecule of interest is synthesized on the microarray cell.
However, the compounds generated by photochemistry are
limited. Further, chemically bound compounds interact dif-
ferently from the same compounds when freely suspended.
In a biological system, the active moieties may not be freely
available for binding. By contrast, the binding agents of the
instant invention may be merely entrapped in a matrix, fully
retaining all chemical and biological activity.

When using porous particles and immobilizing the mol-
ecule of interest inside the porous particle, it may be
desirable to retain a suitable fluid inside the pores and use an
immiscible embedding medium. In that arrangement, the
embedding medium may be incompatible with the molecule
of interest or use in a binding assay, yet still be useable. For
example, an aqueous solution may be used to protect pro-
teins and a low melting point wax used to embed the porous
particles.

The known photochemical processes of Fodor et al.,
Nature 364:555-6 (1993); Hacia et al., Molecular Psychiatry
3:483-92 (1998); and Fodor et al., Science 251:767-773
(1991) prepare short peptides and oligonucleotides
covalently bound to the supporting chip. The process of
amino acid or nucleotide synthesis inherently limits the
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practical length of the bound oligomer. Synthesis of entire
proteins or genes on chips is not practical. Additionally, the
secondary, tertiary and quaternary structure of the proteins
may be important. By contrast, the instant invention permits
such.

Many different arrays ultimately may be required, and
some, especially those developed for the identification of
infectious agents, may need to be changed at frequent
intervals. Further, new disease-associated alleles will need
to be incorporated into new arrays. To fill those requirements
and allow changes and additions in arrays, it is important to
have individual, stable fiber rolls available, and to have the
rolls unambiguously identified. Each roll may be identified
by the use of micro-stripes applied at short intervals along
the roll. In addition, different tubes may have different
colors, and non-fluorescent dyes incorporated into the gels
to serve as identifiers, or bar coding, may be printed on
individual fibers.

Not only can the chips of the instant invention be used to
identify infectious agents by identifying characteristic
nucleic acid sequences, for example, the chips also can be
used for identifying intact bacteria, mycoplasmas, yeast,
nanobacteria and viruses using arrays of immobilized spe-
cific antibodies.

The invention may be used for the identification of viruses
or other infectious particles isolated by microbanding tubes.
Such microbanding tubes are particular centrifuge tubes of
stepped decreasing diameter from the open end to the closed
end of the tube that enable concentration of desired low
concentration biological elements in a small volume follow-
ing appropriate methods of centrifugation. See, for example,
W099/46047. Thus, microbes from biological samples, e.g.
serum or plasma, may be concentrated, stained with a
fluorescent nucleic acid stain such as of TOTO-1 or
YOPRO-1, and then allowed to find matching antibodies on
the array. They then may be detected by scanning for
fluorescence and identified by position. It is equally a part of
the instant invention to immobilize microorganisms or other
molecules of interest in the described chips, to use such
chips to localize antibodies from body fluids, and then to
discover the location of the latter using a fluorescent anti-
human antibody, thus diagnosing the disease which elicited
antibody production.

Because the bundle is maintained, additional fibers or
ribbons may be added to the bundle as needed before
sectioning additional arrays. That allows one to detect and
measure newly discovered emerging diseases, new proteins,
genes or compounds without recreating a completely new
bundle.

The invention may be applied in an alternative fashion in
which the bundles are stored at user sites, and the arrays
sliced as needed. That arrangement may be useful for
research purposes where identical arrays are required over
the long term, but only a few are required at any one time.

Another alternative to slicing the bundle and using the
sections thereof as separate microarrays is to perform the
assay with the end of the bundle directly. After the assay is
performed wherein a first sample could be applied to the cut
cross-sectional surface, and washed off, a detector could
image the result. One then may mount the bundle in a
microtome device, if the assay were not already so mounted
before the assay. Ablade then could remove the used surface
of the bundle, exposing a fresh surface for the next assay,
which would repeat the same steps. The bundle thus could
be used in one machine for a series of up to 100,000 or more
assays performed one after another. That arrangement has
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certain advantages as optical or electrical detection may be
performed through the bundle itself with fiber optic fibers or
conductive fibers. The detection system may be attached
continuously to the bundle while a more general light or
electrical energy applied to the end being used for testing.
Specifically note FIG. 6 where the testing technology may
be adapted to a detection system.

The invention also allows different immobilization
technologies, different classes of immobilized agents of
interest, different classes of analytes and different types of
detection methodologies to be employed on the same chip.

Since channels are reproducible between plates, the loca-
tion of each channel or cell may be determined accurately by
mechanical means. Reference markings on polished edges
or other suitable locations further identify each cell in the
array. Current commercially available computer driven two-
dimensional drives of sufficient accuracy can be used so that
each cell may be visualized or tested individually, or mate-
rial may be added thereto or withdrawn therefrom.

Cut surfaces of each plate may be polished so that
matching plates may be opposed to each other with little
possibility of cross leakage. Surface treatment with a mate-
rial repellant to the fluid to be eventually located inside each
cell further reduces cross leakage. For example, fluorinating
(Teflonizing) or silanizing agents repel water thereby gen-
erating sufficient surface tension to reduce cross leakage of
cells filled with an aqueous solution.

After sections have been cut from a bundle, the sections
generally are bound to a solid backing to provide structural
support and ease of handling. The solid backing is typically
a sheet of plastic or metal although other materials may be
used. The attachment generally is done by a permanent
adhesive or heat fusion.

Individual cells in the array may be detected or visualized
by scanning the entire array or portions thereof (e.g. one or
a few cells) with a charged coupled device (CCD) or by
illuminating one or a few channels at a time, such as by a
condenser lens and objective lens. The absorbance and
emission of light thus may be detected. An optical fiber
bundle aligned and registering with the microarray may be
used for optically detecting differences between the cells of
the microarray.

Detection may be based on a large number of detectable
labels including radioactive, enzyme, luminescent, optically
absorbent dye, magnetic, spin-labeled, oxidizers or reducers,
chemiluminescence, or indirect labels which interact with a
detectable component interacting with the agents of interest
in the microarray. A suitable detectable labeling system is
based on fluorescence, usually epifluorescence. That
requires that the interrogating sample be labeled with one or
more fluorescent dyes. The amount of test material required
is very small since the dye would be applied to the arrays as
a thin dilute film. Hybridization of nucleic acids would be
done under conditions of carefully controlled stringency.

To distinguish selected channels, one either may seal off
the selected channels and/or fill the channels with an easily
detectable substance. Different colored inks, dyes and col-
ored materials are particularly well suited as well as detect-
able components similar to or opposite from the detectable
component(s) being detected in other cells. Printing methods
with drying inks or plastics, sublimation, solvent containing
an ink, or ink-jet printing may be used. The indicia so
formed permits better alignment or easily detectable mark-
ing when the array is in use. That permits easy optical
alignment.

Once the microarray has been used in a binding assay and
the ligands are bound to the receptors, in certain instances it
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may be useful to provide further identification of the ligand.
In certain situations, one does not know the entire structure
of the ligand from the receptor that specifically binds to it.
For example, if the ligand is a cell, a macromolecular
complex or a derivitized molecule with the derivitized
portion acting as the ligand, etc., further analysis may be
desirable. In that situation, one may elute the ligands from
the microarray and collect the ligand for further analysis. For
antibody/antigen binding, a pH 2-3 environment or other
conditions should strip the ligands. For nucleic acid
hybridization, raising the temperature should strip the
ligands. A variety of other chemical, physical and electrical
techniques for breaking such bonds are known per se.

To enhance specificity to the elution process, the substrate
can be configured to enable maintaining a charge that would
enhance trapping the biological agent of interest at a par-
ticular cell (sector). For example, if the agent of interest is
a nucleic acid, each cell can be configured to carry a positive
charge. A counterelectrode carries the opposite charge.
Then, if necessary, a particular medium is placed into the
cell and the charges in the electrodes reversed thereby
releasing the ligands, in the example, nucleic acids, at that
location. The counterelectrode also may be part of or contain
appended thereto a micropipette to collect the elements
released from the cell, see U.S. Pat. No. 5,434,049.
Preferably, one uses a porous membrane and applies a
current on opposite sides of the membrane.

The method used for analysis of the eluate may be
capillary electrophoresis, mass spectrometry or a second
binding assay. Convenient to mass spectrometry, the
microarray itself may be introduced into a laser-matrix
desorption system incorporated into a mass spectrometry
system wherein bound molecules are desorbed and ana-
lyzed.

Once the analytes have been striped from the microarray,
the microarray may be reused. That reuse process has the
advantage of being standardized by multiple controls over
time.

Additionally, if the receptor is attached to the matrix of
the microarray by a cleavable linker, one can isolate the
analyte by cleaving the linker. Different cells of the microar-
ray may have different linkers or the same linker and
subsequent purification may be needed before additional
analysis.

The previous methodology for preparation of protein
chips requires preparation, use and reuse of large numbers of
proteins in solution. Proteins, nucleic acids, biological cells,
other chemicals and complexes in solution are unstable and
deteriorate over time. Even if frozen, repeated use may
involve repeated freeze-thaw cycles that denature certain
proteins as well. By contrast, immobilized proteins have
been shown to be stable over long periods of time.

For the purposes of the instant invention, the term “sub-
strate” refers to the glass capillary arrays with “major
surfaces” referring to the open ends of the channel plate and
“binding reagent” refers to the DNA, protein or antibody
(collectively macromolecules), cells/microorganisms/
cellular systems or other agent of interest.

The following examples are included for purposes of
illustrating certain aspects of the invention and should not be
construed as limiting.

EXAMPLE 1
Formation and Analysis of a Microarray
Antibodies were prepared by affinity purification by
reversible binding to the respective immobilized antigens
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and subsequently immobilized on particulate supports
(Poros G, made by PE Biosystems) in an Integral 100Q
biochromatography workstation.

Each antibody support was made by trapping the antibody
on a column of Poros G (commercially available Poros
particles pre-coated with protein G, a bacterial protein
capable of binding many immunoglobulins by the Fc
domain) and subsequently cross-linking the antibody and the
protein G with dimethylpimelimidate (following the PE
Biosystems protocol) to immobilize the antibody covalently
on the Poros particles. Such antibody columns can be reused
(with an acid elution of bound antigen) more than 100 times
in a subtractive mode, and therefore are extremely stable.
Each antibody support was characterized to demonstrate
specificity for a single antigen.

Antibodies directed against human serum albumin (HSA),
transferrin (Tf), and haptoglobin (Hp) were used. A mixture
of the three supports was made for use in serum subtraction.
A total of three supports were used in tests with: 1) rabbit
anti HSA, 2) rabbit anti-human Tf and rabbit anti-human Hp
and 3) mixed anti-HSA, Tf and Hp. Unmodified BA Poros
(commercially available streptavidin coated Poros), was
used as a non-antibody control. Thus, a total of four supports
were used.

Poros particles are roughly spherical and highly reticu-
lated (with many internal crevices), having a diameter of
approximately 5 microns. Attached proteins are distributed
over the internal surfaces as well as the exterior surface of
the particle. By embedding the particles in a suitable
medium, a sliceable solid matrix in which the antibody was
immobilized and fairly uniformly distributed was created.
By exploiting the 3-dimensional nature of the support, a
slice containing such particles offers greater capacity (for
antibody and thus for antigen binding) than a simple flat
surface as used in current microarrays.

Each of the four types of antibody-bearing particles was
mixed with an approximately equal volume of 0.75% aga-
rose melted in phosphate-buffered buffered saline (PBS).
The agarose for the rabbit anti-HSA beads contained green
food coloring. Likewise, the anti-Tf and Hp agarose were
colored blue, the mixed anti-HSA, Tf and Hp agarose was
colored yellow and the Poros BA containing agarose was
white (uncolored). Each melted agarose/bead combination
was sucked into a length of one mm diameter plastic tubing
of 10 cm in length attached to a 1 ml syringe and plunged
in ice water. In several minutes, the agarose gelled into a
jelly-like rod containing approximately 50% Poros beads by
volume. The four rods thus obtained (each containing one of
the four bead types above with a different protein coating)
were laid into an aluminum channel with more melted
agarose to form an array of 2x2 parallel rods embedded in
a square cross-section bar of agarose.

After the bar gelled, the gel was removed from the
aluminum channel mold, and transverse sections were pre-
pared by slicing thin slices perpendicular to the axis of the
bar (and the filaments) and mounted on a glass slide. The
sections revealed a pattern of 4 circular areas (the filaments)
containing embedded particulate material (carrying immo-
bilized protein) surrounded by clear embedding matrix of
agarose by microscopy. The circular zones of embedded
beads were more stable and did not split.

To test specific protein binding to the beads in the four
circular zones of a section forming the microarray, commer-
cially available HSA and Tf protein were labeled with
fluorescein isothiocyanate (FITC) on Cellite (from Sigma).
Cellite is a commercial carrier for insoluble FITC. The
proteins were dissolved in about 4 ml of 0.4M sodium
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bicarbonate buffer (~pH 8.3) and added to the dry FITC on
Cellite in the following amounts:

~4.5 mg HSA
~2.8 mg Tf
~4.5 mg Serum Protein (20 ul)

30 mg FITC on Cellite
18 mg FITC on Cellite
10 mg FITC on Cellite

The reaction was conducted at room temperature for 30
minutes. The Cellite was removed by centrifugation, and the
supernatant protein and unreacted dye placed in a centrifugal
protein concentrator, where the protein was washed by
repeated dilution and re-concentration in buffer. The fluid
was centrifuged to remove the Cellite and supernatant
recentrifuged with 4 ml sodium bicarbonate buffer until
clear.

Sections of the 4-filament array were laid flat on a glass
microscope slide and exposed to a solution of fluorescently
labeled HSA. During the exposure of the section, the protein
was expected to interact specifically with the antibodies
present on two filaments (round areas on the section): the
two filaments were those bearing antibodies to HSA and the
mixed anti-HSA, Tf and Hp. Labeled HSA was not expected
to interact with the filaments carrying antibodies to Tf alone
or to the filament carrying streptavidin alone.

The sections were examined under an epifluorescence
microscope equipped with a 500 nm low pass filter and a 510
nm high pass filter for fluorescein fluorescence detection and
a 35 mm camera.

Prior to extensive washing, all four circular Poros zones
showed bright fluorescence, with no discernable differences.
The fact that the Poros zones showed higher fluorescence
than the agarose matrix surrounding the filaments is an
indication that the pores of the Poros particles remained
unclogged and that the particle-containing zones thus
allowed freer diffusion of labeled HSA into the sections.

The sections then were washed extensively in PBS and
reexamined under the fluorescence microscope. The result-
ing images, captured on 35 mm color slides, demonstrate
that after washing, the labeled albumin specifically bound to
the two filaments containing HAS antibody and was
removed from the other two, thus establishing the ability of
the sections specifically to detect an individual protein. The
two specifically labeled filaments were diagonally opposite
one another in the 2x2 array, which was consistent with the
diagonally opposite positions of the anti-HSA and mixed
anti-HSA, Tf and Hp agarose filaments.

EXAMPLE 2

Manufacture and Use of Diagnostic Array Detecting
Autoantibodies to Mitochondrial or Lysosomal Proteins

Suspensions of whole isolated rat and mouse liver
mitochondria, lysosomes and expressed proteins are sus-
pended or dissolved in an aqueous buffer, at 10 mg/ml
concentration, and optionally fixed with glutaraldehyde
(1%). One ml of each preparation is mixed according to the
kit instructions with 20 ml of JB-4 (Polysciences) catalyzed
infiltration resin prepared by mixing 20 ml of monomer A
containing 0.17 g of catalyst. After complete mixing, 40 mL
of monomer B containing 0.17 g catalyst is added with
stirring. When completely dissolved, 0.8 g of Accelerator is
added, the mixture placed in a syringe and injected into
0.0625 inch internal diameter Teflon tubing under anaerobic
conditions. Polymerization occurs at room temperature in
approximately 50 minutes. The ends of the tubes then are
heat sealed and stored cold until used, or are immediately
extruded for use in preparing a fiber bundle. Bundles are
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prepared by laying 10 or more fibers in parallel, to make a
single-layered array, in an elongated Teflon box. Additional
JB-4 resin without protein then is poured in, the box briefly
evacuated to remove air bubbles and the resin allowed to set.
Several such flat arrays then may be stacked in parallel to
make a three-dimensional grouping, and the whole grouping
further vacuum impregnated to form a three-dimensional
bundle. After polymerization, the bundle is cut with a steel
or glass microtome knife to give sections 5-20 microns thick
and the sections placed on glass slide. The sections are
mounted using Plastic Mount&, or are dried and mounted
with Poly-Mount® (Available from Polysciences).

Tests for autoantibodies are done by placing 0.25 mL of
a 1:10 dilution of human serum on each chip and incubating
the arrays at 25° C. for 20 minutes. The arrays then are
rinsed in phosphate buffered saline four times, and then are
immersed in a solution of goat anti-human globulin conju-
gated with horseradish peroxidase. After a further 20 minute
incubation, the arrays again are washed four times with
buffer, and then placed in a solution of 3,3'.5,5'-
tetramethylbenzidine in an organic base to which is added a
hydrogen peroxide solution (0.02%) in a citric acid buffer.
An insoluble blue color indicates the presence of autoanti-
bodies.

EXAMPLE 3
Manufacture and Use of a Diagnostic Array Using Histo-
logical Embedding Support

Arrays are prepared which incorporate fixed infectious
particles to be used to detect convalescent antibodies appear-
ing late in the history of an infection. That is important in
following sentinel populations to determine what infections
are occurring.

Immuno-Bed GMA water-miscible embedding medium is
made up as directed (Polysciences Inc.), and small batches
are mixed with different suspensions of fixed selected
viruses (average titer 10°/ml) or fixed bacterial cells
(average 107 particles/ml). The suspension is placed in a
syringe and forced under pressure into Teflon® tubing of
Ye-inch internal diameter and allowed to polymerize at
room temperature. The tubing is pre-treated with metallic
sodium in an organic medium to provide a surface, which
will adhere to epoxy resins. The polymerized fiber is stored
in the coiled Teflon® tubing in the cold.

The arrays are assembled in bundles using jigs to hold the
fibers in parallel array, after which the array is infiltrated
with an epoxy resin. The finished bundle, which includes
sections of Teflon® tubing, is sectioned and the sections
mounted on glass slides using an epoxy resin mounting
medium. The sections are washed for rehydration and then
are exposed to convalescent antisera. The chips then are
extensively washed and exposed to goat anti-human IgG
with the covalently attached fluorescent dye fluorescein.
Identification of convalescent antibodies is done by detect-
ing and measuring fluorescence using a CCD camera.

EXAMPLE 4

Manufacture of Diagnostic Array Using Sintered Strips

Sintered polystyrene sheets Yis inch thick are cut into
square cross-section strips and each exposed to dilute solu-
tions of one monoclonal antibody to a series of infectious
agents including viruses such as rhinoviruses, herpes sim-
plex viruses, influenza virus type A, respiratory syncytial
virus, varicella-zoster virus (chickenpox), mycobacterium
tuberculosis, cytomegalovirus, Epstein-Barr virus, Hepatitis
B Virus (surface antigen and separately core antigen) polio-
virus (three strains) and others. The strips are rinsed, dried
and glued together with an acrylonitrile adhesive to form a
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three-dimensional array that is sectioned to produce arrays
5-100 microns thick. Biological samples containing infec-
tious viruses from individuals with viral diseases are fluo-
rescently stained with the nucleic-acid specific dye YOYO-1
(Molecular Probes) and isolated and concentrated using
centrifugal microbanding, see W099/46047 supra, to con-
centrate the infectious particles into microliter volumes. The
concentrated viruses are applied to the array and are agitated
mechanically to move the virus particles over the array for
one hour. The array then is washed, excess fluid removed by
suction and illuminated with ultraviolet light at 490 nm. The
image is captured with an Apogee CCD camera using a 520
nm filter. Quantitative data is obtained from the processed
image using the PMIS image analysis program.

EXAMPLE 5

Manufacture and Use of Diagnostic Array Having Immobi-
lized Oligonucleotides

Polystyrene beads (10-50 microns in diameter) from solid
phase oligonucleotide synthesis with oligonucleotides
covalently attached are suspended in buffer and packed into
hollow glass fibers of 500 microns internal diameter under
hydrostatic pressure initially and then under air pressure up
to 500 psi to expel the supporting liquid. The fiber then is
heated briefly under controlled conditions to partially sinter
the contents. An array of fibers then is prepared following
the methods in the examples above, embedded in a low
viscosity epoxy resin with intermittent vacuum to remove air
bubbles and then allowed to set. The bundle is sectioned
using a diamond saw. The array is used in a flowthrough
arrangement so that the materials thereon can be manipu-
lated in a fashion similar to that conducted with larger
multiwell microtiter plates as described in U.S. Pat. No.
5,843,767, supra.

EXAMPLE 6

Manufacture of Multiwelled Plates

Commercially available glass capillary arrays (GCA)
(Galileo) are in the shape of a thin disk having 2.5 cmx2.5
cmx0.5 mm thick dimensions. The GCA has approximately
50% of the area composed of 50 u holes or approximately
156,000 holes having a total volume of approximately 0.1
ml. The bottom surface of the GCA is glued to a Teflon®
sheet with cyanoacrylate adhesive (SUPERGLUE).

EXAMPLE 7
Cloning and Replica Plating in Glass Capillary Arrays

A colony of Streptococcus pyrogenes Group A and a
colony of Group B were picked from a plate and mixed
together in nutrient agar forming a suspension of the bac-
terial cells (other microorganisms, animal or plant cells are
equally applicable) and are diluted to an approximate con-
centration of 20,000 cells/ml of culture medium. About 0.1
ml of the suspension is applied to the surface of the GCA.
That yields about 1 cell per 100 holes to ensure only single
cell clones result. The GCA is placed in a sterile petri dish,
covered and incubated overnight at 37° C.

Two additional sterile GCA’s without a Teflon® sheet on
the bottom are filled with 0.1 ml heated liquid culture fluid
supplemented with 1% agarose, cooled until almost solidi-
fied and stacked directly on top of the GCA having cloned
bacterial cells so that the holes from each GCA are in
register. A top sheet of Teflon® is pressed on tightly and the
stack is clamped together. The entire stack is turned upside
down and incubated for five minutes at room temperature.
The entire stack is turned sideways and incubated overnight
at 37° C. The stack then is turned upright, unclasped and
individual GCA’s are separated. The original GCA is
retained for further use.

Each of the two added GCA’s is placed in a glass flask,
attached to a lyophilizer and vacuum dried for 1 hour. The
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GCA’s are removed and 0.1 ml of FITC conjugated antibody
to Streptococcus Group A (DIFCO) is added to each GCA
and incubated at room temperature for 10 minutes. Each
GCA then is blotted on an adsorbent tissue (KIMWIPE) to
remove fluid. The microarray is washed by submersion in
PBS and blotted dry again. The fluorescent holes in the
GCA’s and bacteria containing holes in the original GCA are
detected using a CCD scanner which gives 12.5u pixels and
is capable of a resolution of 25u needed to detect holes
which contain cell clones.

The scanner is first set to scan for fluorescence and then
for absorbance to detect the presence of bacterial clones.
Absorbance is used to indicate presence of bacteria to align
the holes of the two GCA’s. Fluorescence is detected in
some but not all of the holes containing bacterial clones in
the original GCA and correspond to presence of Group S
bacteria.

EXAMPLE 8

Selecting Monoclonal Antibodies

Monoclonal antibody-secreting hybridomas in suspension
are diluted to approximately 20,000 cells/ml RPMI 1640+
5% fetal bovine serum culture solution and 0.1 ml is added
to the GCA of EXAMPLE 6 and the method of EXAMPLE
7 repeated except for incubation being at 37° C. in a CO,
incubator for two days and the GCA’s being pretreated with
10% fetal calf serum for 30 minutes. An additional GCA is
filled with protein-free saline solution, stacked and clamped.
The stack is not turned at all but incubated at room tem-
perature for 15 minutes, unclasped and then vacuum dried as
before. About 0.1 ml of FITC-conjugated goat anti-mouse
immunoglobulin is added to the additional GCA, incubated,
removed, washed and scanned for fluorescence as before.
Antibody secreting hybridomas are deduced from the loca-
tion of fluorescence on the GCA.

EXAMPLE 9
Screening Libraries of Proteins for Biological Properties

Human serum proteins are separated by 2-dimensional
electrophoresis as per Baekkeskov et al., Diabetes 38(9):
1133-41 (1989). Two hundred spots are punched from the
gel and the individual proteins dialyzed in 1 ml of PBS. One
ml of the protein solutions is mixed with 40 mg of acryla-
mide monomer with catalyst and pumped into 1 mm internal
diameter, one meter long polypropylene tubes, the ends heat
sealed and each tube tagged. A number of control tubes are
prepared with various dyes for easy identification of the
correct orientation of the microarray when formed. The
acrylamide is allowed to polymerize overnight. The tubes
are aligned in a bracket and glued between rows as above.
The bundle is cut by a microtome under freezing conditions
into 10 micrometer thick slices and the microarray is imme-
diately fixed on a plastic sheet.

Mouse monoclonal antibodies to the following antigens
(Vector Labs) are individually contacted to a separate
microarray, incubated, washed, dried and followed by con-
tacting with FITC-conjugated (fluorescein-labeled) goat
anti-mouse IgG and scanned as in EXAMPLE 8 above.
Insulin, calcitonin, glucagon, epidermal growth factor,
interferon, CEA, prostatic acid phosphatase and human IgG
are among the common antigens tested. Both hormone
levels and tumor antigen levels are determined in a semi-
quantitative manner.

EXAMPLE 10
Rapid Antibiotic Sensitivity Testing
Microarrays are prepared in accordance with EXAMPLE
2 except for filling each tube with nutrient agar mixed with
various antibiotics in the following configuration. Five two-
fold dilutions across the effective spectrum of useful con-
centrations of the antibiotics, erythromycin, penicillin V,
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tetracycline, ampicillin, trimethoprim/sulfamethiozole,
cefaclor, ofloxacin and nitrofurantonin and 10 two-fold
dilutions of 34 new compounds, each a candidate for use as
an antibiotic are used.

A colony of an unknown sample of E. coli grown from
urine of a patient was suspended in 1 ml nutrient broth
supplemented with either fluorescein acetate or trypan blue
and placed on each of two microarrays and incubated at 37°
C. The microarray is scanned for fluorescence and for
absorbance at the beginning and after 30 minutes incubation.
Microarray cells with detectable increases in fluorescence
(scanned fluorescence minus fluorescence from initial
scanning) were considered to have growing cells. Microar-
ray cells with increases in trypan blue absorbance from the
beginning to 30 minutes were considered to have dead cells.
Minimal inhibitory concentrations (MIC’s) and minimal
bactericidal concentrations (MBC’s) thus were determined.
The possible effectiveness of the new candidate compounds
likewise was deduced.

Another 1 ml of saline containing another suspended
colony of the unknown sample of E. coli was plated on
conventional Mueller-Hinton plates with antibiotic disks
and incubated overnight. MIC’s were determined the next
day based on the diameter of the zone of inhibition. The
MIC’s from the microarray are comparable to standardized
growth inhibition measurements. For example, for
nitrofurantonin, the zone diameter from a 300 mcg disk in
millimeters is >17 mm susceptible, 15-16 mm intermediate
and <14 mm resistant which corresponds to a MIC in
mcg/ml of <32, 64 and >128 respectively. Two-fold dilutions
of nitrofurantonin in the microarray are at 16, 32, 64, 128
and 256 mcg/ml.

The method is repeated with known strains of E. coli
having known differing levels of antibiotic resistance and
with many different common microorganisms with different
levels of antibiotic resistance. The results indicate which of
the 34 candidate compounds are to be tested further as
potential antibiotics.

EXAMPLE 11

Anticancer Diagnostic and Drug Screening

Microarrays are prepared according to the method in
EXAMPLE 2 with a alkaline-lysed and protease K-digested
suspension of various fresh cells from a leukemia patient,
several leukemia cell lines (such as, HTB, ATCC), normal
peripheral white blood cells and normal bone marrow cells.
The microarrays are heat denatured and a digoxigenin-
labeled DNA probe for the following genes: N-myc, C-myc,
K-ras, p53, HER-2/neu and a candidate DNA probe for
diagnostic purposes, are applied thereto. Texas Red-labeled
anti-digoxigenin antibody is added and the pattern and
amount of binding are determined.

EXAMPLE 12

Hepatitis Testing

It is desirable to know the type of viral hepatitis and the
stage of infection to best treat a patient. A microarray is
prepared as in EXAMPLE 2 except that ten, 2-fold dilutions
of mouse monoclonal antibodies to HAV, HBsAg, HBcAg,
HCV, HDV and HEV and 2-fold dilutions of the same
antigens are used. Three tubes of each are prepared and used
in the microarray along with a pattern of controls. Approxi-
mately three drops of serum sample is contacted with the
microarray, incubated in a 37° C. water bath for 10 minutes
and washed four times with PBS. About 1 ml of a reagent of
fluorescein-labeled monoclonal antibodies to non-
overlapping epitopes of each of the antigens, fluorescein-
labeled mouse anti-human IgG and rhodamine-labeled
mouse anti-human IgM is added to the microarray, incubated
for 10 minutes in a 37° C. water bath and washed four times
with PBS. The microarray is scanned for fluorescence at
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both the wavelength of fluorescein and rhodamine emissions
and the results determined for which cells of the microarray
demonstrate fluorescence, the wavelength of light and the
level thereof.

The microarray is designed for both initial diagnosis and
for monitoring treatment and remission by detecting anti-
gens and antibodies in convalescent serum. Two-fold dilu-
tions and measuring the level of fluorescence at each cell
provide quantitative results.

EXAMPLE 13

Screening Active Compound Candidates

Microarrays are prepared according to EXAMPLE 2
except 380 new candidate compounds are introduced into
the fibers. Three drops of a solution containing the glutamate
receptor 2 are added to the microarray followed by incuba-
tion at 37° C. for 10 minutes. The microarray is washed and
dried as before. A 1:10 dilution of mouse monoclonal
antibody to glutamate receptor 2 (Vector Labs) is added,
incubated, washed and dried as before. FITC-conjugated
goat anti-mouse IgG is added and the microarray scanned.

Fluorescent cells correspond to compounds that bind to
the receptor. Since the receptor is involved in learning,
memory, seizures and other neurological conditions, by
binding the neurotransmitter glutamate, both agonists and
antagonists are of pharmacological interest.

EXAMPLE 14
Formation and Analysis of a Microarray by Flourescence

A microarray was prepared from cylindrical poly-
methacrylate fibers containing a) microbeads with immobi-
lized antibodies to rat IgG, b) microbeads with immobilized
antibodies to human IgG and ¢) no microbeads as a control.
The array was formed by aligning the fibers in parallel along
the long axis, sectioning with a microtome, then transferring
the sections to glass slides. The slides there were tested in a
fluorescent immunoassay to demonstrate specific protein
binding to the beads as follows:

Two disposable columns, each containing about 0.5 ml of
UltraLink Immobilized Streptavidin Plus beads (50-80
microns diameter, with a capacity of 10 mg of biotin-BSA
per ml of beads, Pierce Chemical Co., Rockford, I11.), were
washed with phosphate buffered saline pH 7.2 containing
0.05% sodium azide. The slides were treated sequentially
with five 1 ml solutions containing 0.5 mg of biotin labeled
goat anti-human IgG on one column and 0.5 mg of biotin
labeled goat anti-rat IgG on the other column. The columns
there were treated with excess biotin, followed by washing
with PBS.

The embedding material used was ImmunoBed
(Polysciences, Inc., Warrington, Pa.) prepared according to
the directions of the manufacturer. Dry catalyst (225 mg)
was dissolved in 25 ml of ImmunoBed Solution A. To that
solution was added 1 ml of ImmunoBed Solution B. The
mixture was kept cold and then introduced into a four foot
length of Teflon tubing (V42 inch ID) using a syringe attached
to the tubing. The tubing filled with ImmunoBed resin was
allowed to stand undisturbed overnight at room temperature.
The polymerized fiber could be removed from the Teflon
tubing by trimming the end of the tubing with a single edge
razor blade to expose the fiber, then gently pulling the fiber
from the tubing.

Ultralink beads containing antibodies to human IgG and
rat IgG were prepared as described above. About 0.5 ml of
each were collected by centrifugation at 2000 rpm for 10
minutes then mixed with 5 ml of cold ImmunoBed solution
(Solution A+catalyst+Solution B) prepared as described
above. The beads then were centrifuged for 10 minutes at
2000 rpm at 5° C. That was repeated three times. The
pelleted beads then were resuspended in 1 ml of the Immu-
noBed solution and drawn into Y42 inch ID Teflon tubing.
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The tubing was folded into a bundle, placed in a centrifuge
bucket and then centrifuged for 10 minutes at 2500 rpm. The
buckets were removed and left overnight at room tempera-
ture to allow the ImmunoBed to polymerize. The bundles
were cut into sections by cutting the top end of the folds and
the strands were extruded.

Two control fibers and two experimental fibers were cut
to lengths of 1.5 cm each. The fibers were aligned along the
long axis and placed in a groove in a Teflon block. A glass
slide was placed over the fibers and clamped in place such
that about 1 mm of each of the fibers was exposed. Immu-
noBed solution (Solution A+catalyst+Solution B) was intro-
duced to the exposed tips of the fibers and allowed to flow
under the glass slide to fill the space around and between the
fibers. The structures were left overnight at room tempera-
ture to allow complete polymerization. The array was
removed from the mold and sectioned in a Leica Model
RM-2155 Microtome. Thin sections (10 microns) were
transferred to a glass slide containing a 20 ul droplet of water
and the water was allowed to evaporate at room temperature.
That left the sections firmly attached to the glass slide.
Sections of 50 microns thick give more background fluo-
rescence.

The 10-micron section prepared above and mounted on a
glass slide was treated with 100 ul of normal rat serum (IgG
containing), diluted 1:50 with PBS containing 1 mg/ml
BSA, for 60 minutes at room temperature. The solution was
drained from the slide, rinsed 1 time with 100 gl PBS/BSA,
then washed three times with 100 4l PBS/BSA for 5 minutes
before draining. After the last wash, 100 ul of
R-Phycoerythrin-labeled affinity purified goat antibody to
rat IgG (H+L) (Kirkegaard and Perry, Gaithersburg, Md.),
diluted 1:100 with PBS/BSA were added and allowed to
stand for 60 minutes at room temperature. The solution then
was drained and washed 4 times as before. After fluorescent
immunostaining, the section was viewed in an Olympus
Model BX-40 fluorescent microscope (Olympus America,
Inc., Melville, N.Y.) using a green filter (exciter filter
510-550 nm, barrier filter 590 nm). The four circular slices
that comprised the 10-micron slice included 2 control slices,
one slice containing beads with anti-human IgG and one
slice containing beads with anti-rat IgG. The circular slice
containing antibody to rat IgG was more highly fluorescent
than the slice that contained anti-human IgG, and the 2
control slices, thus demonstrating the specificity of the
reaction.

Table of Data

Microarray Fiber Amount of Fluorescence

Content Observer #1* Observer #2**
Antibody to Rat IgG +H++ 10
Control (no antibody) 0 0
Antibody to Human IgG ++ 3
Control (no antibody) ++ 2

*Fluorescence graded as 0, +, ++, +++ Or ++++
**Fluorescence graded from 1-10

It will be understood that various modifications may be
made to the embodiments disclosed herein. Therefore, the
above description should not be construed as limiting, but
merely as exemplifications of preferred embodiments. Those
skilled in the art will envision other modifications within the
scope and spirit of the claims appended hereto.

All patents and references cited herein are explicitly
incorporated by reference in their entirety.
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U.S. Pat. No. 5,843,767 Microfabricated, flow-through
porous apparatus for discrete detection of binding reac-
tions.

U.S. Pat. No. 4,289,623 hollow fiber dialysis

U.S. Pat. No. 3,976,576 Dialyzer cartridge—Also, use of
dialyzer cartridge by filling hollow fibers and embed
protein in fibers as they are formed before the cartridges
are cut.
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What is claimed is:

1. An array comprising a plurality of cells each in a known
location on the array, each cell containing an agent of
interest immobilized in or on a length of fiber, wherein
different cells contain different fibers or lengths of fiber
which contains a different agent of interest immobilized
therein or thereon, and wherein each agent of interest is
located in a known cell.

2. The array of claim 1 wherein the array contains portions
of each fiber prepared by cutting a section from said fiber.

3. The array of claim 2 wherein the cells contain one well
or channel.

4. The array of claim 1 wherein the agent of interest is
immobilized in or on a complete length of the fiber.

5. The array of claim 1 wherein an agent of interest is
located in a predetermined cell.

6. A binding assay for detecting an analyte in a sample
wherein said analyte binds to at least one agent of interest in
an array comprising;

contacting a sample suspected of containing an analyte

with the array of claim 1 under conditions permitting
the binding of analyte to agent of interest,
detecting the presence or absence of binding between
analyte and agent of interest in each cell in the array
which binding produces a detectable result, and

determining the presence or absence of the analyte by the
presence of any binding being detected at a predeter-
mined cell of the array.
7. The binding assay of claim 6, further comprising;
adding a labeled detection agent capable of binding to
cells having either analyte bound to agent of interest or
cells not having the analyte so bound, but not both, and

detecting the presence of the labeled detection agent in
one or more cells of the array.
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