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(57) ABSTRACT

A microreactor array platform and method for sealing a
reagent in microreactors of an array of microreactors are
provided. The microreactor array platform includes an array
of microreactors, and a sealing film having a first surface and
an opposite second surface, the sealing film configured to
movably seal the array of microreactors. The microreactor
array platform also includes an injector for delivering a
reagent into the array of microreactors via a fluid path
between the array and the second surface of the sealing film,
and an applicator for directing a sealing liquid against the
first surface of the sealing film. The microreactor array
platform further includes a system for creating a pressure
differential between the reagent in the injector and a space
between the array of microreactors and the second surface of
the sealing film.
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MICROREACTOR ARRAY PLATFORM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on, claims the benefit of,
and incorporates herein by reference, U.S. Provisional
Application No. 61/933,054 filed on Jan. 29, 2014.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under grant number R42GM106704 awarded by the
National Institutes of Health. The government has certain
rights in the invention.

BACKGROUND

[0003] The present disclosure relates generally to devices,
systems and methods for controlling micro-reactions and, in
particular, to devices, systems and methods for controlling
micro-reactions in high throughput parallel assays.

[0004] In the late 19th century, Louis Pasteur and Robert
Koch performed laboratory experiments establishing links
between microscopic organisms and infectious diseases
such tuberculosis, cholera, anthrax and rabies. These led
later scientists, such as Lister, Fleming and Salk to develop
antiseptics, antibiotics and vaccines with profound effect on
worldwide human health. Early experiments in the life
sciences were all performed literally in vitro (glass) using
laboratory test containers such as flasks, beakers, test tubes,
mouth pipettes, vials, capillary tubes, microscope slides or
Petri dishes. All of these have common characteristics: they
are used for single experiments and are all roughly the size
of a human hand; reflecting the manual nature of early
experiments in the life sciences. In the mid-20th century,
experimental biology began to evolve from manual, single
experiments performed in glassware towards automated,
parallel, ‘high throughput” experiments in plastic and other
materials. This shift was due to several key innovations from
the ~1950’s: including the discovery of the double helix
structure of DNA and the developments of information
theory, transistors, mass-produced plastics, microtiter plates
and immunoassays. Discovering the structure of DNA
revealed that genetic information is digital. Together with
development of information theory, this led to understanding
how information stored in DNA is precisely reproduced in
nature. Eventually decoding this information identified mil-
lions of unique molecules such as DNAs, RNAs, peptides
and proteins that can be precisely reproduced and studied in
the laboratory. Transistors and information theory led to
advanced electronics and computers which enabled sensors,
automation and miniaturization for large scale parallel
experiments and statistical analysis of the vast amounts of
resulting data. Mass produced plastics replaced glassware as
the primary material used for laboratory experiments.
Immunoassays, based on plastic microtiter plates, were
prototypical parallel biology assays.

[0005] Currently much is known about molecules
involved in life processes and their interactions with each
other and other chemical compounds. High throughput
parallel assays are needed to identify additional ‘biomol-
ecules’ and study their activity. DNA of the simplest known
living organisms has more than 100,000 base-pairs and ~200
genes. Human DNA has ~3 billion base-pairs and >20,000
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genes. Proteins coded by these genes interact with each other
in complex aqueous chemical reactions. Various methods
exist to decode the base-pair sequence of DNA. Some
methods involve billions of chemical reactions per run.
Sequencing information is used to define precise chemical
formulas of biomolecules. The life sciences now use DNA
sequencing information to study genetic processes at the
molecular level. Understanding the complexity of life pro-
cesses requires vast amounts of statistical data based on
large numbers of repeated assays. Higher quality data means
that fewer assays need to be run to get statistically mean-
ingful results. These are all compelling needs for miniatur-
ized, highly parallel assay platforms to simultaneously run
many independent biology experiments quickly, efficiently,
inexpensively, reliably and consistently.

[0006] Applications for high throughput assays include:
gene expression profiling, genotyping, DNA profiling, poly-
merase chain reaction (PCR), DNA sequencing, immunoas-
says, high throughput screening (HTS) and high throughput
cell analysis. Various different types of high throughput
platforms are needed to carry out these various assays
depending on specific applications such as basic biology
research, environmental monitoring, detection of select
agents, forensics, proteomics, functional genomics, epide-
miology, drug discovery, clinical molecular diagnostics, or
personalized medicine. In general, assays should be carried
out efficiently in terms of their use of space, time, equip-
ment, labor, samples, reagents and supplies.

[0007] Chemical reactions in living organisms involve
free floating molecules in liquid water. Therefore to study
similar reactions in the laboratory requires that experiments
also take place in liquid water. The molecules involved in
these reactions must be constrained to keep them from
diffusing away during the experiment. For some assays,
molecules can be chemically bound to a surface to prevent
diffusion. For example, microarrays may consist of molecu-
lar probes bound to a surface in an orderly array pattern of
rows and columns. The microarray surface is flooded with a
sample containing various different ‘target’ molecules that
bind to the probes. After washing, the target molecules are
detected and identified based on where they bind in the
array. However other types of assays involve unbound, free
floating molecules. For example, enzyme-linked immu-
nosorbent assay (ELISA) uses chromogenic or fluorogenic
substrates in solution that react with enzymes bound to a
surface. These substrates must be physically contained
together with the enzymes during an assay. Similarly, poly-
merase chain reaction (PCR) amplifies DNA template mol-
ecules freely floating in a buffer solution. PCR is initiated by
primer molecules that must be contained together with the
DNA templates during an assay.

[0008] The microtiter plate (microwell plate or
microplate) was the first high throughput parallel platform
for biological assays. It was originally developed to facili-
tate serological titrations to detect influenza infections. The
original microplate consisted of an 8x12 array of wells in a
single hand-sized plastic plate. The wells were physically
separated from each other so that 96 separate chemical
reactions could take place simultaneously without diffusion
between neighboring wells. Chemicals were identified by
their positions in the plate. The microplate did not become
prevalent until the late 1950°s when mass produced injection
molded plastic was developed. Currently microplates are
used for a wide variety of applications including immuno-
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assays, high throughput screening, quantitative polymerase
chain reaction (qQPCR), and cell biology. Microplates typi-
cally have 96, 384 or 1536 wells. The wells are large
enough, greater than 10 pl, so that they can be filled using
manual or automated pipettes. If necessary, microplates are
sealed manually with adhesive film.

[0009] Compared to microplates, microarrays dramati-
cally increase the number of experiments that can be per-
formed in a single assay. High throughput DN A microarrays
were developed originally for gene expression profiling to
identify mRNA molecules expressed by genes of living
organisms. Typically, short DNA probes, complimentary to
an organism’s mRNA are immobilized on a surface in an
array pattern. The surface of the microarray is flooded with
a test sample from an organism. The mRNA target molecules
in the sample are identified by where they hybridize to
probes on the microarray. The original DNA microarrays
synthesized DNA probes directly on the microarray surface
using photolithographic directed synthesis of oligonucle-
otides. Later microarrays synthesized probes in situ using
piezoelectric inkjet dispensing. Other DNA microarrays
used pre-synthesized probes and dispensed them directly on
the microarray surface using capillary pins or piezoelectric
inkjet dispensers. Current gene expression microarrays have
over six million probes. Microarrays have transcended DNA
microarray applications to include chemical compound,
antibody, peptide, protein, cellular, and tissue microarrays.
In general microarrays are used to detect target molecules in
a sample via binding to probe molecules immobilized on a
surface. For example, antibody arrays detect antigens and
reverse phase protein arrays detect antibodies in a sample.
Individual binding events do not produce byproducts that
have to be sealed in isolated compartments.

[0010] High throughput screening (HTS) involves screen-
ing large libraries of chemical compounds for binding affin-
ity with protein targets that may have beneficial therapeutic
effect. The chemical compounds identified in this process,
known as ‘hits’, are further evaluated to profile cellular or
biochemical pathways and evaluate efficacy as potential
drug candidates. HTS is typically done in 96 or 384 well
microplates. Ultra High Throughput Screening (uHTS)
involves more than 100,000 assays per day and is usually
done using 1536 well microplates. However microarrays are
also used for HTS. If screening for protein binding affinity
then chemical compounds can be covalently bound to a
microarray surface similar to DNA microarrays. Other HTS
microarray platforms have unbound chemical compounds
on the microarray surface that are subjected to reagent in an
aerosol spray. Still other HTS formats subject chemical
compound microarrays to reagents in agarose gel that main-
tains an aqueous environment and inhibits diffusion.

[0011] Polymerase chain reaction PCR has become a
ubiquitous laboratory tool with many applications including:
gene expression profiling, genetic profiling, genotyping and
DNA sequencing. Unlike DNA microarrays, PCR involves
free floating intermediate molecules that must be contained
during the assay. There are advantages to miniaturizing PCR
for obvious reasons: higher throughput, reduced reagents,
smaller instrumentation and smaller thermal mass for faster
thermal cycling. However miniaturizing PCR poses techni-
cal challenges. As PCR volume decreases, amplification is
increasingly prone to biochemical surface absorption prob-
lems due to the increasing surface-to-volume ratio. Due to
the extremely sensitive nature of the PCR, minute amounts
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of nucleic acid contamination in PCR chips can result in a
false positive PCR outcome. An important drawback of PCR
chip microsystems is the generation of air bubbles which not
only cause large temperature difference in the sample but
can also expel sample from the PCR chamber. Evaporation
is also an issue for smaller volumes. The systems described
herein address issues associated with PCR in small reaction
volumes. Additives to the PCR reaction mixture, such as
BSA, are essential for amplification in glass based reaction
vessels.

[0012] The first integrated micromachined devices were
developed for performing PCR reactions in small ~25 pl,
reaction volumes. Such integrated miniature lab-on-a-chip'
devices were also known as micro total analysis systems
(pTAS), micro electrical mechanical systems (MEMS) or
microreactors. Initially arrays of micro-reactors (microreac-
tors) were manufactured from PDMS silicone rubber and
enclosed using a cover slip to prevent evaporation. In
addition, a ‘discontinuous dewetting’ approach was used to
fill the microreactors with reagent, which involved submerg-
ing the array of microreactors in reagent and pulling it out
vertically. It was found that reagent remains trapped in the
microreactors if the receding contact angle between the
reagent and surface of the array was between ~16 to ~81
degrees. Such approach did not take into consideration how
the microreactors were initially filled (wetted) with reagent
in the bulk fluid without entrapping air pockets.

[0013] The concept of ‘digital PCR” was also introduced,
whereby PCR reactions take place in small reaction cham-
bers initially having either zero or several template DNA
sample molecules. After thermal cycling, the total number of
template DNA in the original sample was quantified by
counting the number of reaction chambers with amplified
DNA signal. Reaction chambers with DNA sample and PCR
reaction mixture were filled by means of capillary action
into hydrophilic chambers, which were subsequently sealed
with an immiscible displacing fluid that flowed through the
same channels as the original DNA sample and PCR reac-
tion mixture. One group performed polymerase chain reac-
tions (PCR) in ‘microchamber’ arrays, which were isotro-
pically etched in silicon and ranged in size from 1.3 plto 32
nl. Template DNA (pGFP) absorbed to glass beads was
dispensed into the microchambers via a glass pipette. A
HIPORA membrane was placed over the microchamber
array, which is similar to GoreTex in that it allows vapor to
pass but is impenetrable to liquid. A cover slip was placed
over the membrane and sealed with varnish. The cover slip
was removed after thermal cycling. The HIPORA membrane
allowed drying of the microchambers without cross talk. The
lower volume limit for detecting PCR product in these
silicon microchambers was 85 pl. Another group continued
that work by performing PCR in microchambers with
improved methods for filling and sealing. They worked with
40 nl microchambers etched in silicon. They covered arrays
of microchambers with layers of oil and dispensed a PCR
mixture through the oil using a microliter dispensing system.
After thermal cycling, amplified DNA was labeled with
fluorescent dye and detected with a fluorescent microscope.
However, recovery of PCR product from the microchambers
proved to be problematic.

[0014] To overcome this limitation, the platform was
extended using beads to capture DNA, which could be
recovered after amplification. Template DNA was pre-an-
nealed to the beads prior to loading them onto a ‘PicoTiter-
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Plate,” which consisted of more than 300,000 microcham-
bers. The microchambers were sealed with a silicone rubber
sheet and solid support prior to thermal cycling. PCR
product was detected directly in microreactors using fluo-
rescently labeled probes. This system eventually evolved
into 454 sequencing technology which also used DNA
capture beads and the PicoTiterPlate. However, in 454
sequencing, PCR thermal cycling was done using beads in
oil emulsion which were then confined in microchambers
using packing beads. As such, 454 sequencing combined
three types of parallel assay platforms: microarrays, beads
and emulsions. Studies regarding the filling of small reaction
chambers with PCR reagent indicated that chamber surface-
wetting properties, i.e. hydrophobic vs. hydrophilic,
appeared more critical than chamber geometry to prevent air
bubbles during filling.

[0015] Subsequently, a high density PCR platform was
developed based on a ‘microplate’ consisting of thin (0.3
mm) microscope slide (25 mmx75 mm) sized stainless steel
sheet with 3072 individual 33 nl through holes that were
functionalized with PEG to be hydrophilic on the inside. The
stainless steel flat surface was functionalized with a fluoro-
alkyl layer to be hydrophobic. Differential hydrophilic-
hydrophobic surface energies drove liquid into the through
holes and prevented cross contamination between neighbor-
ing holes. A pin spotter loaded primers into the holes and an
automated pipette loaded the sample. Through holes were
sealed with an immiscible liquid prior to thermal cycling.
This technology was commercialized as the ‘OpenArray’
system by BioTrove, acquired by Life Technologies as
QuantStudio 12K Flex Real-Time PCR System. Also, Life
Technologies provided the QuantStudio 3d digital PCR
system consisting of a 3 mmx3 mm array of 20,000 indi-
vidual 865 pl reaction chambers. DNA sample and PCR
reaction mixture were squeegeed onto the surface of an
array. Individual reaction chambers were sealed with immer-
sion liquid encased in a plastic enclosure prior to thermal
cycling. The system amplified the DNA for a single sample
per array.

[0016] In addition the SmartChip Real-Time PCR System
was developed, capable of performing 5184 gene PCR
reactions per SmartChip in 100 pl reaction chambers. Prim-
ers were preloaded into the reaction chambers and samples
were loaded onto the SmartChip using the SmartChip Mul-
tisample Microdispener system. More than one sample at a
time could be analyzed on the SmartChip. One group
developed the SlipChip to carry out multiplexed chemical
reactions in isolated chambers that were on opposing plates.
The chambers were pre-filled with reagents and then lined
up with each other to start the reactions. Another group
developed a method of vacuum assisted loading of a two-
dimensional matrix of microreactors with subsequent seal-
ing with PDMS.

[0017] In addition to PCR, microreaction chamber-based
assay platforms have been developed for other applications
in the life sciences. For example, a flow-through microflu-
idic channel ‘PicoArray’ system implemented light directed
in situ synthesis of oligonucleotides or polypeptides based
on the “uParlo’ system, which included 3698 individual 270
p! flow-through reaction chambers. Microliter-sized reaction
chambers arrays were manufactured for multiplexed studies
of antibiotics. Reaction chambers were hundreds of microns
across, manufactured from SU8 and filled using inkjet
printing. One flow-through microreactor biochip was used
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for detecting molecules in solution through receptor/ligand
binding or hybridization. The biochip consisted of a micro-
scope slide sized plate with regularly spaced through holes.
A microporous membrane was bonded to one side of the
plate forming an array of microreactors. The bottom of each
microreactor was functionalized with a cross-linked hydro-
gel polymer probe to bind to a specific ligand or nucleic acid.
The microreactors were not sealed, but rather binding reac-
tions were to take place in a high humidity chamber to
prevent evaporation. Biological samples were delivered to
the microreactors by applying a vacuum through the
microporous membrane. Similarly, washing solutions were
pulled through the membrane.

[0018] Another group developed a microarray comprised
of multiple micro compartments, 50-150 um diameter.
Samples were delivered by touching off with a capillary at
higher pressure than the micro compartments. The microar-
ray included a ‘snap chip’ assembly whereby reagents,
within micro compartments, on a microarray chip were
transferred to reagents on second microarray chip by holding
them close together. A method of sealing microreactors was
also disclosed by applying photocurable adhesive around the
periphery of the microreactors and exposing the adhesive
with light through a mask. Using electrochemical etching,
textured porous surfaces were formed on silicon substrates.
By varying etching parameters and surface chemistry sur-
face wetting conditions were modified from hydrophilic to
super hydrophobic. ‘Microvials” with porous surfaces were
formed in silicon and protein solutions were delivered into
the microvials using a piezoelectric inkjet dispenser. Protein
precipitated out of solution as the drops evaporated in
preparation for Matrix assisted laser desorption/ionization,
time of flight mass spectrometry (MALDI-TOF-MS).

[0019] Personalized medicine involves screening interac-
tions of thousands of different proteins with serum samples
to identify new biomarkers for cancer and other diseases.
Eventually these biomarkers are used in clinics for early
disease diagnosis. For example, a nucleic acid program-
mable protein array (NAPPA) platform was used to express
thousands of unique proteins, from plasmid DNA, on glass
microscope slides. Density of the NAPPA platform was
increased using an array of nanowells that were sealed with
silicone rubber. In vitro protein synthesis was performed in
microchamber arrays fabricated using hydrophobic PDMS
on hydrophilic glass surfaces. Chips ranged in size from
10,000 (150 pl) to 250,000 (1 and 5 pl) microchambers per
chip. DNA immobilized beads and cell-free in vitro trans-
lation transcription (IVTT) reagent were added to the micro-
chambers. Excess reagent was scraped away and the micro-
chambers were sealed with glass cover slips. Green
Fluorescent Protein (GFP) was successfully expressed and
detected in the microchambers. For example, cell-free pro-
tein expression was performed in single 19 pl reaction
chambers fabricated from silicon wafers.

[0020] Chamber size dependency was investigated for
protein synthesis, with constant copy number DNA, in glass
microchambers ranging in size from 56 fl to 350 fl. Cell-free
protein synthesis was demonstrated using an array of ~70
um picoliter chambers in PDMS bonded to glass. DNA was
distributed to the picoliter chambers using beads. In vitro
translation transcription (IVTT) reagent was dripped into the
chambers, excess was removed and the chambers were
sealed with a glass cover-slip to prevent evaporation and
diffusion between chambers. One group demonstrated cell-
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free protein synthesis in microreactor arrays formed in
PDMS sealed with a temperature controlled glass cover.
Another group developed DNA array to protein array
(DAPA) that consisted of a sandwich with a DNA microar-
ray on one side, an IVTT coated membrane in the middle
and a surface functionalized with capture antibodies on the
other side. Proteins were expressed from the DNA microar-
ray in the membrane and then captured on the functionalized
surface. Yet another group developed the multiple spotting
technique (MIST) for in situ protein microarray expression.
A DNA microarray was spotted on a surface that was
pre-coated with capture antibody and IVTT reagent was
spotted on top of the DNA. Protein microarrays were
expressed after rehydration and incubation.

[0021] In addition, bead-based assays first developed in
the early 1980°s were used to detect target molecules in
solution using small, micron sized beads functionalized to
bind specific molecules. The beads were uniquely labeled so
that more than one type of molecule, in a given sample, was
detected and identified at the same time. The beads and
labeled molecules were typically detected by a flow cytom-
eter one at a time in a continuous stream of small droplets.
Bead based assays were sensitive down to single molecule
detection. To detect low-abundance proteins in blood, they
were captured on microscopic beads decorated with specific
antibodies and then labeled the immunocomplexes (one or
zero labeled target protein molecules per bead) with an
enzymatic reporter capable of generating a fluorescent prod-
uct. After isolating the beads in 50 fl reaction chambers
designed to hold only a single bead, fluorescence imaging
was used to detect single protein molecules. Arrays were 2
mm wide and included approximately 50,000 wells, each
with a diameter of 4.5 pm and a depth of 3.25 um. After
sealing the loaded arrays against a rubber gasket in the
presence of a droplet of fluorogenic enzyme substrate, each
bead was isolated in a femtoliter volume reaction chamber.

[0022] In addition, ELISA, a popular format of “wet-lab”
analytic biochemistry assay was extended to include a
bead-based assay for single molecule detection. Hydrophilic
wells were used, and filled in a gap with aqueous solution
containing beads. They were then flooded with oil to dis-
place water on the hydrophobic parts and water remained in
hydrophilic parts. The oil sealed the individual wells. For
example, Luminex xMAP was a commercial bead-based
assay that used 5.6 um polystyrene microspheres function-
alized with probes for various assays, such as protein
expression profiling, focused gene expression profiling, and
molecular testing of disease. The beads were labeled with up
to 500 different dyes and then detected using flow cytometry.
Illumina has developed a platform that combines bead-based
and microarray formats, where 3 pm silica beads were
functionalized with probes depending on the application:
sequencing, genotyping, gene expression profiling, PCR and
so on. After processing the beads, they were randomly
self-assembled onto an array of microreactors. The beads
were decoded by hybridizing fluorescently labeled DNA
oligonucleotides to the beads.

[0023] More recent high throughput assays were based on
emulsions of picoliter droplets in oil. These systems were
commercialized by BioRad, RainDance Technologies and
others. Applications for emulsion systems include digital
PCR and next generation DNA sequencing. In addition, cell
culture assays were traditionally performed in Petri dishes or
cell culture treated microplates. Many higher density for-
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mats were being developed for siRNA knockdown screens
and other high throughput cell based functional genomic
assays.

[0024] Therefore, given the above, there is a need for
systems and methods for controlling micro-reactions in high
throughput parallel assays.

SUMMARY

[0025] The present disclosure overcomes the drawbacks
of previous technologies by providing a platform and
method directed to, in certain embodiments, high-through-
put parallel assays configured for controlling micro-reac-
tions.

[0026] In accordance with one aspect of the present dis-
closure, a microreactor array platform is provided. The
microreactor array platform includes an array of microreac-
tors; a sealing film having a first surface and an opposite
second surface, the sealing film configured to movably seal
the array of microreactors; a reagent gap providing a fluid
path between the array of microreactors and the second
surface of the sealing film when the second surface of the
sealing film is in spaced relationship with the array of
microreactors; an injector for delivering a reagent into the
reagent gap; and an applicator for directing a sealing liquid
against the first surface of the sealing film. Here ‘reagent’
refers to any substance that participates in a chemical
reaction as a reactant, catalyst, analyte or buffer for example.
The microreactor array platform enables rapidly filling the
microreactors with reagent and then sealing them into inde-
pendent chemical reaction containers. An O-ring may seal
along the sides of the microreactor array.

[0027] The microreactor array platform may include a
system for creating a pressure differential between the
reagent in the injector and the reagent gap. The system
assists injecting reagent into the reagent gap by setting up a
pressure differential between the reagent inside of the injec-
tor and the array of microreactors. The reagent injector may
be a syringe, vial, tube, pipette, valve, solenoid valve or
some other means of delivering small quantities of fluid. If
a vacuum is applied to the reagent gap prior to injecting
reagent, then atmospheric pressure may be sufficient to
inject the reagent into the gap. For example, reagent may be
injected into the array of microreactors by applying vacuum
to the reagent gap and then opening a solenoid valve to allow
reagent, at atmospheric pressure, to flow into the reagent
gap.

[0028] The sealing film may be flexible. The sealing film
may be impervious to fluids, providing a separation between
the reagent and the sealing liquid. The sealing film is
preferably strong to withstand high pressures yet thin and
compliant to conform to and seal the microreactors. The
sealing film is preferably smooth, without any wrinkles or
creases that may trap reagent. The sealing film preferably
deforms smoothly into the reagent gap when displacing the
reagent and sealing the microreactors. The sealing film is
preferably stiff laterally so that it lies flat, without wrinkles,
prior to filling the reagent gap with reagent. The sealing film
is preferably stiff laterally to enable printing functionalizing
chemical spots onto the sealing film. The sealing film is
preferably transparent so that the microreactor array surface
can be seen through the window and sealing film. To help fill
the microreactors with reagent, the sealing film may be more
hydrophobic than at least a portion of a surface defining the
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array of microreactors. The microreactors may optionally be
part of the flexible sealing film that comes into contact with
a flat surface.

[0029] At least one of the microreactors may include
functionalizing chemicals dispersed thereon. At least a por-
tion of the opposing flat surface that comes in contact with
the microreactors may include functionalizing chemicals
dispersed thereon. Functionalizing chemicals may be coated
onto large areas of the opposing flat surface or the micro-
reactor array surface or dispensed in an array of spots.
Alternatively (or additionally), functionalizing chemicals
may be synthesized inside the microreactors or on the
opposing flat surface. A larger individual functionalizing
chemical spot may optionally span multiple smaller micro-
reactors so that precise targeting of microreactors is not
necessary when dispensing functionalizing chemical spots
onto the microreactor array. Functionalizing chemicals may
initiate chemical reactions or react with products of chemi-
cal reactions or with chemicals in the reagent. The initiating
and reacting functionalizing chemicals may both be arrayed
separately onto the microreactor array surface or opposing
flat surface and then aligned with each other enabling
multiplexed combinatorial chemical reactions. Alternatively
(or additionally), initiating and reacting functionalizing
chemicals may be collocated either in the microreactors or
the opposing flat surface.

[0030] The functionalizing chemicals may be immobilized
only temporarily, for at least as long as it takes to fill the
microreactors with reagent and then seal them. If function-
alizing chemicals are arrayed onto a flat flexible sealing film
then they may be temporarily immobilized by overlaying
them with a thin sheet of soluble material. Temporary
immobilization may be achieved via reversible chemical
bonds, photo-cleavable linkers, magnetic beads, soluble
coating or other means. A soluble coating may be applied via
non-contact dispensing or aerosol spray for example. A
soluble coating may be gelatin for example.

[0031] The microreactor array platform may include a
window configured with one or more window inlet ports and
one or more window outlet ports for flowing the sealing
liquid. The sealing liquid inlet port(s) may be in the middle
of the window or at either end. There may be sealing liquid
outlet port(s) in the window opposing the sealing liquid inlet
port. The sealing liquid inlet port(s) and outlet port(s) in the
window may be used to flush out sealing liquid with other
sealing liquids. For example, lower viscosity other sealing
liquids or gases may allow the sealing film to be pulled up
away from the microreactor array surface after the micro-
reactors have been initially filled with reagent and sealed
with sealing liquid. This may allow different reagents or
gases to be cycled through the microreactor array platform
to enable multi step chemical processing that may be auto-
mated.

[0032] The microreactor array platform may include a
space between the window and microreactor array defining
a gap for at least one of the reagent, the sealing film, or the
sealing liquid. The thickness of this gap may be optionally
set with shims on top and compliant layer beneath the
microreactor array. The reagent may be forced into micro-
reactors by applying vacuum to a thin reagent gap and then
quickly injecting reagent, under higher relative pressure,
into the reagent gap.

[0033] To prevent the sealing film from being pulled down
onto the microreactor array surface in conjunction with
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vacuum applied to the reagent gap, vacuum may also be
applied to the sealing liquid inlet or outlet port(s) to maintain
at least a portion of the reagent gap open. Alternatively (or
additionally), if the sealing film is pulled down, then reagent
pushes the sealing film out of its way as it fills the reagent
gap. A check valve or burst valve in the sealing liquid inlet
port, with cracking pressure greater than one atmosphere,
may prevent sealing liquid from flowing against the sealing
film first surface when vacuum is applied to the reagent gap
through the reagent outlet port. A burst valve may be
implemented in the sealing liquid inlet port with a plug of
material, like beeswax. In this case, the opening beneath the
plug of material, of the sealing liquid inlet port, should be
bigger than the plug to allow the plug to break free without
impeding flow of sealing liquid against the first surface of
the sealing film. Alternatively a burst valve may be imple-
mented with thin impervious material that ruptures when
pressure is applied to the sealing liquid.

[0034] The microreactor array platform may include a
base configured with a base inlet port and a base outlet port
for injecting or removing the reagent.

[0035] A vacuum may be applied to the reagent gap using
the system via at least one of the base outlet port and base
inlet port. Valves in the reagent inlet port and outlet port
maintain vacuum until reagent is injected into the reagent
gap. The reagent inlet port may have a check valve, with
cracking pressure greater than one atmosphere, to prevent
reagent from leaking into the reagent gap when vacuum is
applied through the reagent outlet port. Alternatively (or
additionally), a burst valve at the reagent inlet port may be
used. Pressurized reagent may open the check valve or break
the burst valve allowing reagent to flow freely into the
reagent gap with minimal resistance. A hydrophobic restric-
tion valve at the reagent outlet port may prevent vacuum
from sucking reagent from the reagent gap after filling the
microreactors. Alternatively (or additionally), a check valve
at the reagent outlet port may be used. Alternatively (or
additionally), the inlet port and outlet port may have actu-
ated 3-way valves synchronized to switch from vacuum to
reagent during injection of reagent.

[0036] The sealing liquid may be injected against the first
surface of the sealing film via a pressure differential gener-
ated by the system. After filling the reagent gap with reagent,
pressure applied to the sealing liquid may force it out against
the sealing film first surface through a valve in the sealing
liquid inlet port of the window. As the sealing liquid pushes
and spreads out against the sealing film, it displaces excess
reagent away from the top microreactor array surface and
pushes it out through the reagent inlet or outlet ports. The
outlet port(s) of the window are advantageously kept opened
as the sealing liquid spreads against the first surface of the
sealing film to vent gas and prevent gas pressure buildup
against the first surface of the sealing film and thus prema-
turely sealing the microreactors before the sealing liquid has
a chance to displace the reagent away from the surface of the
microreactor array. The outlet port(s) of the window are
advantageously closed once the sealing liquid has spread out
against the first surface of the sealing film to apply and
maintain a constant sealing liquid pressure through the
sealing film onto the microreactor array surface for the
duration of the chemical reaction assay. Excess reagent
displaced from the microreactor array surface may be recov-
ered from the reagent inlet or outlet ports.
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[0037] The sealing liquid preferably has high viscosity to
slowly wipe the reagent away from the microreactor array
surface. A viscosity of the sealing liquid may be higher than
the viscosity of the reagent it displaces. The sealing liquid
may be incompressible. Incompressible, high viscosity seal-
ing liquid is ideal for displacing reagent from the microre-
actor array surface as it slowly fills into the space between
the window and the first surface of the sealing film. Using
a constant pressure source to inject sealing liquid into the
space between the window and the first surface of the sealing
film produces a seamless transition from 1) displacing
reagent to 2) sealing the microreactors.

[0038] A sealing liquid applicator may comprise one of a
pneumatic source, a hydraulic source or a mechanical spring
source. Constant pressure may be achieved via a pressure
regulator, constant vapor pressure (CO, cartridge) or low
mechanical spring rate. A constant pressure force extrudes
the sealing liquid and then maintains a constant sealing
pressure on the microreactor array surface. First and second
surfaces of the sealing film may provide smooth, uniform
flow paths for sealing liquid and reagent respectively
[0039] The reagent injector and sealing liquid applicator
may be actuated using automated control that may be
incorporated into an automated chemical processing system
that cycles various reagents or gases through the microre-
actor array platform. Automation may be based on using
controls, solenoids, electronics, computers, software and so
on.

[0040] The microreactor array platform may undergo ther-
mal cycling. For thermal cycling, an automated microreactor
array platform may have built-in heaters or coolers using
thermoelectric devices or channels for hot or cold fluid.
Alternately the entire microreactor array platform may be
placed inside a chilling incubator or immersed in tempera-
ture controlled liquid baths for thermal cycling. The micro-
reactor array platform may be cooled prior to injecting
reagent to initially slow down the chemical reactions in the
microreactors. Dry gas may have to be pumped into the
reagent gap, under pressure, to prevent condensation if the
microreactor array platform is cooled prior to injecting the
reagent. The temperature of sealing liquids may be con-
trolled, prior to injection, to control viscosity or provide
thermal cycling of the microreactor array. The temperature
of the whole microreactor array platform may be lowered to
increase the viscosity of the sealing liquid prior to its
injection against the first surface of the sealing film.
[0041] In accordance with another aspect of the present
disclosure, a method for sealing a reagent in microreactors
of an array of microreactors is provided. The method uses a
microreactor array platform, comprising: (i) an array of
microreactors, (ii) a sealing film having a first surface and an
opposite second surface, the sealing film configured to
movably seal the array of microreactors, (iii) a reagent gap
providing a fluid path between the array of microreactors
and the second surface of the sealing film when the second
surface of the sealing film is in spaced relationship with the
array of microreactors, and (iv) an injector for delivering a
reagent into the reagent gap. The reagent is injected onto the
array of microreactors using the injector; and an applicator
directs a sealing liquid against the first surface of the sealing
film to achieve a contact of at least a portion of the second
surface with the array of microreactors. The microreactor
array platform may further comprise a system for creating a
pressure differential between the reagent in the injector and
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the reagent gap. A vacuum is applied to the reagent gap using
the system via a pressure differential generated by the
system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 is a schematic illustration showing an iso-
metric view of an embodiment base of a microreactor array
platform according to the present disclosure.

[0043] FIG. 2 is a schematic illustration showing an iso-
metric view of an embodiment of a microreactor array
platform according to the present disclosure.

[0044] FIG. 3 is a top plan view of the microreactor array
platform of FIG. 2.

[0045] FIG. 4 is a top plan view similar to FIG. 3 showing
an embodiment of a microreactor array platform with larger
functionalizing-chemical spots spanning more than one
smaller microreactor.

[0046] FIG. 5 is a cross-sectional view of the microreactor
array platform of FIG. 3 as taken along the line 5-5, and
further illustrating filling of the microreactors with reagent,
wherein the sealing film second surface is initially not
touching the microreactor array surface.

[0047] FIG. 6 is a cross-sectional view similar to FIG. 5
illustrating filling of the microreactors with reagent, wherein
the sealing film second surface is initially touching the
microreactor array surface.

[0048] FIG. 7 is a cross-sectional view similar to FIG. 5
illustrating the displacement of reagent with sealing liquid
and sealing of the microreactors.

[0049] FIG. 8 is a top plan view of another embodiment of
a microreactor array platform illustrating an array of micro-
reactors patterned on the sealing film.

[0050] FIG. 9 is a cross-sectional view of the microreactor
array platform of FIG. 8 as taken along the line 9-9.
[0051] FIG. 10 is an enlarged fluorescent microarray scan-
ner image of an example nucleic acid programmable protein
array (NAPPA) subarray processed using a microreactor
array platform according to the present disclosure.

[0052] FIG. 11 is an example optical image rendered with
proteins expressed from DNA in small chemical reaction
chambers (i.e., microreactors). DNA was printed into the
microreactors on a 1"x3" microreactor array. Proteins were
expressed in situ from the DNA using IVTT reagent. Micro-
reactors were sealed during expression to prevent diffusion.
Varying concentrations of DNA were printed to produce
varying intensities of fluorescently labeled protein spots.
The image has about 12 kilopixel resolution (108x108 spots)
and has a width of about 1.5 inches and a height of about 2
inches. Original photograph of Albert Einstein by Philippe
Halsman (Halsman Archive).

[0053] FIG. 12 is a signal to background ratio bar chart of
antibody response in patient serum sample detected by
proteins expressed on an example microreactor array as
compared with a flat glass. Anti-p53 antibody signal to
background ratio is plotted as a function of serum dilutions
of 1:50, 1:100, 1:300, and 1:900 for both the microreactor
array and the flat glass slide.

[0054] The foregoing and other advantages of the disclo-
sure will appear from the following description.

DETAILED DESCRIPTION

[0055] The present disclosure provides a microreactor
array platform that enables simultaneous, multiple, parallel,
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high-density, independent, unique chemical reactions
involving possibly free floating molecular compounds. Indi-
vidual chemical reactions may thus be physically isolated in
sealed containers, cavities, or chambers, preventing evapo-
ration, diffusion or movement during an experiment. Chemi-
cal reactions in neighboring sealed containers, cavities, or
chambers, therefore may not interfere with each other. As
such, each sealed container, cavity, or chamber may contain
unique molecular compounds that may undergo isolated
chemical reactions without interference from neighboring
containers, cavities, or chambers, or other external environ-
ments. In this manner, the microreactor array platform
allows for any number of parallel reactions to take place at
the same time, and under identical chemical and operating
conditions, such as, for example concentration, volume,
temperature, pressure and so on. Physical principles for
design of the microreactor array platform are presented in
the following paragraphs. These are followed by operational
design principles for filling microreactors with reagent,
displacing excess reagent and sealing the microreactors.

[0056] Good performance of a microreactor array plat-
form may be characterized by complete filling and sealing of
the microreactors. It is desirable that the microreactors be
completely filled with reagent without entrapped air pockets
and be sealed completely to prevent leakage for the duration
of an experiment. Parameters of the microreactor array
platform are very interdependent. For example, sealing
liquid pressure required for effective sealing of the micro-
reactors may depend on sealing film thickness.

[0057] Turning now to the Figures, an embodiment of a
microreactor array platform 20 includes a microreactor array
22 including a plurality of microreactors 24. The microre-
actor array 22 may be reversibly insertable into a housing or
base 26. The base 26 may have a plate or slab-like configu-
ration including a central cavity 26a for receiving the
microreactor array 22 therein. In the illustrated embodi-
ments, the microreactor array platform 20 is configured for
filling microreactors 24 with one or more materials (e.g.,
fluids, buffers, samples, reagents, etc.) and sealing the
microreactors 24 with a sealing film 28. Referring at least to
FIG. 1, the microreactor array 22 may be fashioned from a
single layer, which may be a flat rigid surface constructed
using any appropriate material. The single layer may include
an array of cavities, chambers, or microreactors 24 of any
desired shape, size and depth, patterned into the upper
surface 22a of the microreactor array 22. In some configu-
rations, the microreactors 24 may also be constructed from
a number of separate layers. For example, the microreactor
array 22 may be formed from a first layer (e.g., a glass
microscope slide) and a second layer arranged adjacent to
the first layer, the second layer including an array of through
holes of any desired shape and size.

[0058] In general, microreactor arrays may be manufac-
tured from silicon wafers using standard silicon wafer
fabrication processes from the semiconductor industry. Sili-
con wafers are readily available, relatively inexpensive and
have precise thickness tolerance and consistent material
properties. Silicon surfaces can be oxidized with a thin
silicon dioxide (SiO,) layer to be compatible with conven-
tional glass surface chemistry and to prevent fluorescent
signal quenching of bare silicon. Microreactor arrays manu-
factured from silicon may be reused by stripping off the SiO,
layer and re-oxidizing the surface. The SiO, layer may be
selectively patterned on the surface to provide areas of
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fluorescent quenching vs. non-quenching. Similarly, the
surface of the microreactor array may be patterned to be
more hydrophobic than the inside of the microreactors.
Silicon has good thermal conductivity which assists speed
and uniformity of thermal cycling. Microreactor arrays may
also be manufactured from other materials such as glass,
polydimethylsiloxane (PDMS) and so on.

[0059] Microreactor arrays that are the same dimensions
as microscope slides, for example, 25 mmx75 mmx1 mm
(1"x3"x0.04"), may be used in standard microarray scan-
ners. Depending on the type of microarray scanner, bare
reflective areas may have to be provided on the two ends of
microreactor array surface to enable autofocus. Focus depth
may be adjusted for the depth of the microreactors. In one
aspect, it may be useful to manufacture the microreactor
array 22 to precise mechanical tolerances so that the micro-
reactor array 22 fits into the base 26 of the microreactor
array platform 20. Further, when positioned within the base
26, the microreactor array 22 may define a reagent gap 30
having a precise thickness as shown at least in FIG. 5.
Alternatively (or additionally), one or more shims 32 posi-
tioned to extend outwards from an upper surface 22a of the
microreactor array 22, a compliant layer 34 positioned
beneath the microreactor array 22, or a combination thereof
may be provided to define a precise reagent gap 30. Accord-
ingly, the base 26 may be sized to accommodate one or more
of the shims 32 adjacent the sides 224 of the microreactor
array 22 in the cavity 26a of the base 26. Further, the base
26 may be sized to accommodate a compliant layer 34
beneath at least a portion of the microreactor array 22.

[0060] Microreactors 24 in a microreactor array 22 may be
distributed in any desired pattern and may include any
number of microreactors 24. For example, a hexagonal
pattern may fit more circular microreactors for the same
pitch and area compared to rectangular patterns. Each micro-
reactor 24 may be identified by a row and or column location
in the microreactor array 22. Also, hexagonal patterns may
help during filling of the microreactors 24 by breaking up the
flow of reagent as opposed to rectangular patterns that allow
flow of reagent along straight fluid paths between columns
of microreactors 24.

[0061] The size, shape and depth of the microreactors 24
may affect functionalizing, filling, sealing and results of
chemical reactions. Wider microreactors may be easier to
target during an initial filling with functionalizing chemi-
cals, for example, using inkjet printing. Also, wider micro-
reactors may have thinner borders which may help with
filling with reagent, since there is smaller surface area to
channel flow around each microreactor. Thinner borders also
help with sealing by increasing sealing pressure for the same
applied force. For example, in a hexagonal array pattern,
hexagonal microreactors may help with functionalizing,
filling and sealing, since they have consistent border thick-
nesses compared to circular microreactors. In addition,
depth to width ratio (aspect ratio) of the microreactors may
also be important for filling. For example, an aspect ratio
less than 1, corresponding to a shallow microreactor, may be
advantageous in filling microreactors without entrapping air
pockets. In particular, this may be applicable when initially
filling individual microreactors with any functionalizing
chemicals and subsequently filling them with reagent. Big-
ger microreactors have proportionally greater volume to
surface-area than smaller ones. This may favor chemical
reactions that are limited by the volume of the reagent.
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Conversely, smaller microreactors may favor chemical reac-
tions that are limited by the amount of chemicals function-
alized on their surfaces. Therefore, size factors may need to
be accounted for when conventional chemical reactions are
scaled down to microreactors. Relative concentrations of
functionalizing chemicals and reagent may have to be
adjusted accordingly.

[0062] In addition, microreactors with rounded corners
may be easier to fill than microreactors with sharp or angular
corners. This may be applicable for initial filling of micro-
reactors with functionalizing chemicals, and subsequently
with reagent. In particular, functionalizing chemicals tend to
be pulled into sharp corners, resulting in non-uniform coat-
ing of microreactor surfaces. This may result in non-uniform
wetting which may entrap air pockets when subsequently
filling microreactors with reagent. Microreactors with uni-
formly hydrophilic (high wettability) surfaces may be easier
to fill with functionalizing chemicals or reagent. Microre-
actor arrays with smooth top surfaces may also be easier to
fill, with reagent, than ones with features that may obstruct
the flow of reagent or direct it away from the microreactors.

[0063] As described, microreactors 24 in the microreactor
array 22 may be functionalized with any number of func-
tionalizing chemicals either prior to usage or during opera-
tion. These functionalizing chemicals may be distinctive
with respect to any number of microreactors 24 and may be
dispensed or dispersed along the upper surface 22a of the
microreactor array 22 by any number of loading processes,
such as pin spotting, inkjet printing or chemical synthesis
process. Functionalizing chemicals may either initiate
chemical reactions or react with products of chemical reac-
tions. Initiating functionalizing chemicals may include any
substances, such as PCR primers, that initiate chemical
reactions to produce unique products, such as specific ampli-
fied DNA. Reacting functionalizing chemicals may include
molecular probes that bind specific target molecules in a
sample or bind the products of chemical reactions in micro-
reactors 24. The upper surface 22a of the microreactor array
22 and the opposing flat surface (e.g., the second surface 36
of the sealing film 28) that it comes into contact may each
be separately functionalized with a chemical spot 62 to
initiate chemical reactions or react with products of those
reactions respectively. The initiating chemical spots 62a and
reacting chemical spots 626 may either be coated onto the
entire sealing film 28 or on any surface of the microreactor
array 22 (e.g., upper surface 22q, the side walls or bases of
the microreactors 24, or the like) or arranged in an array of
chemical spots 62. Initiating chemical spots 62a and react-
ing chemical spots 625 may both be arrayed separately onto
the microreactor array 22 or the opposing flat surface (e.g.,
sealing film 28) and then aligned with each other thus
enabling multiplexed combinatorial chemical reaction
experiments. For example, the initiating chemical spots 62a
may be dispensed about or embedded in the microreactors
24 prior to use. In this case, the opposing flat surface that
comes into contact with the upper surface 22a of the
microreactor array 22 may be functionalized separately to
react with products of chemical reactions taking place in
microreactors 24. Alternatively (or in addition), initiating
chemical spots 625 may be dispensed or dispersed onto the
opposing flat surface that comes into contact with the upper
surface 22a of the microreactor array 22. In this case, any
portion of the microreactor array 22 may be functionalized
separately to react with products of chemical reactions
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taking place in microreactors 24. In some aspects, individual
larger functionalizing chemical spots 62 may span multiple
smaller microreactors 24 as shown at least in FIGS. 4 and 8,
so that precise alignment of functionalizing chemical spots
62 with microreactors 24 may not be required when dis-
pensing functionalizing chemicals into microreactors 24.
Likewise, if functionalizing chemical spots 62 are arranged
onto an opposing flat surface, precise alignment of the
microreactor array 22 and opposing flat surface may not be
required if larger functionalizing chemical spots 62 span
multiple smaller microreactors 24.

[0064] The microreactor array platform 20 also includes a
flexible sealing film 28 which is configured to provide a
movable seal or cover for the array 22 of microreactors 24
by coming into contact with the microreactor array 22. In
some embodiments, the microreactor array 22 is formed
using an opposing flat surface 64 and an array of containers,
cavities, or chambers 66 patterned on the sealing film 28. In
one aspect, the opposing flat surface may be a glass micro-
scope slide, a silicon wafer, or another suitable plastic, glass,
metal, composite material, or like substrate.

[0065] In some embodiments, the sealing film 28 repre-
sents an important component of the microreactor array
platform 20. During operation, the sealing film 28 may be
placed in direct contact with contents of the microreactors
24. Further, the sealing film 28 may be designed to not
interfere with chemical reactions taking place within the
microreactors 24. Since the sealing film 28 may separate a
sealing liquid 38 from a reagent 40, the sealing film 28 may
be impenetrable to fluids, without holes or permeability to
fluids. In one aspect, it may be useful to provide a sealing
film 28 that is strong enough to withstand high sealing
pressures yet be thin and compliant to conform to and seal
the microreactors 24. Lower sealing pressures may be used
with thinner sealing films 28. Note that arrows designated
with a “P” in the Figures indicate the application of pressure.
The sealing film 28 may deform smoothly into the reagent
gap 30 when sealing the microreactors 24. The sealing film
28 may be inert to the chemicals with which it comes into
contact. Also, the sealing film 28 may withstand temperature
variations due to thermal cycling or exothermic chemical
reactions, endothermic chemical reactions, or a combination
thereof. In some embodiments, the sealing film 28 may be
stiff’ laterally so that the sealing film 28 lies flat, without
wrinkles, prior to filling with reagent 40. In other words, the
sealing film 28 may be made from a rigid material like
polyester instead of softer material like low density poly-
ethylene (LDPE) or fluorinated ethylene propylene (FEP). A
first surface 42 and the second surface 36 of the sealing film
28 may provide smooth, uniform flow paths for sealing
liquid 38 and reagent 40 respectively. The sealing film 28
may be free of nicks, creases, wrinkles, gashes, holes, dust,
dirt or other defects that may trap reagent 40 or otherwise
cause improper localized sealing of the microreactors 24.
The second surface 36 of the sealing film 28 may be
uniformly less wettable (more hydrophobic) than the sur-
faces of the microreactor array 22 (more hydrophilic) to help
fill the microreactors 24 with reagent 40. The sealing film 28
may be transparent so that the surfaces of the microreactor
array 22 can be seen through a window 44 and sealing film
28.

[0066] All of the functionalizing chemicals, reagents or
other materials in each of the microreactors 24 may interact
with a single reagent 40, which may, for example, be a
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reagent that initiates chemical reactions or a sample con-
taining different target molecules to be identified. The
microreactor array platform 20 enables rapidly filling of the
microreactors 24 with reagent 40 and then sealing them into
independent chemical reaction containers (i.e., microreac-
tors 24).

[0067] The microreactor array platform 20 includes an
O-ring 46 to pneumatically or hydraulically seal the micro-
reactor array 22 around its periphery. A transparent window
44 may allow observation of any filling processes. The
bottom surface 48 of the window 44 provides a smooth
consistent flow path for reagent 40 and sealing liquid 38. An
inlet port 50 and an outlet port 52 are provided for the
reagent 40. Further, an inlet port 54 and an outlet port 56 are
provided for the sealing liquid 38. Inside diameters of the
liquid paths of the ports (i.e., inlet port 50, outlet port 52,
inlet port 54, and outlet port 56) may be larger than the
reagent gap 30 so that liquid flow is not restricted by the
ports. Liquid paths of the ports may be short to reduce
dead-volume and flow resistance.

[0068] Microreactors 24 may be filled by forcing reagent
40 through a thin reagent gap 30 between the second surface
36 of the sealing film 28 and the microreactor array 22. For
consistent, reliable filling of the microreactors 24, with
minimal reagent volume, the thickness of the reagent gap 30
may be controlled. For example, the thickness of the reagent
gap 30 may be controlled by tight dimensional tolerances of
the microreactor array 22 and microreactor array platform
20. Likewise, the microreactor array platform 20 may be
mechanically stiff to maintain a precise reagent gap 30 even
under the stress of clamping the microreactor array platform
20 together. Mechanical stiffness and strength may also be
required to withstand the stresses of a sealing liquid pressure
and to prevent leaks. Stiffness of the microreactor array
platform 20 may be achieved by a combination of stiff
materials and thick base 26, top 72 and window 44. A precise
reagent gap may also be achieved using shims 32 on the
upper surface 22a of the microreactor array 22 along the
edges as shown in FIG. 1. In this case, a compliant layer 34
may be placed underneath the microreactor array 22, and
compressed when the microreactor array platform 20 is
clamped together.

[0069] Experiments in the life sciences are typically car-
ried out in aqueous solutions. Microreactors may be filled
with aqueous reagents to initiate chemical reactions for
experiments in the life sciences. Water has high surface
tension which dominates other forces at small dimensions.
For example, high surface tension causes air to become
trapped in microreactors 24 if the microreactor array 22 is
submerged in water. The same thing happens if water is
poured on top of the microreactor array 22. Surface tension
tends to keeps liquid surfaces smooth with minimal surface
area. However, the surface of a reagent must be deformed
into thousands of tiny bumps to conform to the indentations
of microreactors to fill them with reagent. Reagent 40 is
forced into microreactors 24 by applying vacuum to a thin
reagent gap 30 and then quickly injecting reagent 40, under
pressure, into the reagent gap 30. Note that arrows desig-
nated with a “V” in the Figures indicate the application of
vacuum, while arrows designated with an “I” in the Figures
indicate a point of injection. This approach overcomes
surface tension through a combination of inertial, pressure,
vacuum, wetting and viscous forces to force reagent into tiny
microreactors 24. Reagent 40 may be injected into the inlet
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port 50 with a manual or automated syringe or pipette,
imparting kinetic and potential energy to overcome the
surface energy of the fluid. In some cases atmospheric
pressure may be sufficient to reliably fill microreactors 24
with reagent 40. In this case, reagent 40 may be injected into
the inlet port 50 through a solenoid valve or another type of
valve. In general, a ‘stronger’ fluid in terms of pressure,
density, incompressibility and viscosity pushes ‘weaker’
fluid out of its way. During filling, air remaining in micro-
reactors 24 is displaced by an advancing wall of pressurized
reagent 40. Similarly, after filling, excess reagent 40 is
displaced from the upper surface 22a of the microreactor
array 22 prior to sealing. This is done using an advancing
wall of pressurized high viscosity sealing liquid 38 that
displaces excess reagent 40 through the sealing film 28.
Similar issues, concerning filling small features with fluids,
come up in other fields such as plastic injection molding and
microimprint lithography. Note that arrows designated with
a “D” in the figures indicate the displacement of a fluid or
other material.

[0070] Body (gravitational) forces may have little influ-
ence on filling microreactors 24. Bond number

d, 2
Bo < P
Y

characterizes the relative influence of body force pa(d,)? vs.
surface tension y. Body force depends on density p, accel-
eration a, and hydraulic diameter d,,. For thin closed chan-
nels, d,, is twice the thickness of the channel d. If Bo<1, then
surface tension dominates body forces. A microreactor array
platform 20 has low Bond number meaning that flow into
microreactors 24 is dominated by surface tension vs. body
forces. To fill microreactors 24 with liquid using body forces
may require higher accelerations which may be achieved in
a centrifuge. Microreactors 24 may also be filled by sub-
merging them in liquid and degassing in vacuum. However,
both of these approaches take time and chemical reactions
may be well underway before the microreactor array 22 can
be removed from the centrifuge or vacuum chamber and
then sealed. Filling microreactors 24 by degassing in a
vacuum chamber may require >5 minutes to pull air out of
the microreactors 24 through the gas permeable layer of
liquid on the upper surface 22a of the microreactor array 22.
This process may be expedited by degassing the liquid prior
to submerging a microreactor array or by heat or sonication
while pulling vacuum.

[0071] Air needs to be advantageously displaced from the
microreactors 24 to fill them completely with reagent 40.
The advancing front of reagent 40 pushes air out of the
microreactors 24 and out through the outlet port 52. Air
pressure increases towards the outlet port 52 of the micro-
reactor array 22 possibly resulting in incomplete filling of
those microreactors 24. Applying a vacuum at the outlet port
52, prior to filling, helps mitigate this problem. The goal is
to remove as much air from the microreactors 24 as possible
prior to injecting reagent 40. The air mass m,, in the micro-
reactors 24 under vacuum P, compared to the mass m, at
ambient pressure P, is
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97% of the air is removed from the microreactors 24 by
applying a vacuum of about 29 inches Hg (about 0.92 inches
Hg absolute pressure). The advancing fill front of the reagent
40 displaces the remaining air in the microreactors 24. The
difference between the positive pressure of the reagent 40
and the vacuum pressure in the microreactors 24 helps force
reagent 40 into the microreactors 24. The inlet port 50 for the
reagent 40 has a check valve 58 with cracking pressure
greater than about 1 atmosphere to prevent reagent 40 from
leaking into the reagent gap 30 when vacuum is applied. In
some embodiments a burst valve may be substituted for or
combined with the check valve 58 at the inlet port 50 to
maintain vacuum before injecting the reagent 40. Pressure at
the inlet port 50 may break the burst valve allowing reagent
40 to flow freely into the reagent gap 30 with minimal
resistance. A hydrophobic restriction valve 60 at the outlet
port 52 may prevent vacuum from sucking reagent 40 from
the reagent gap 30 after filling the microreactors 24. In some
embodiments, a check valve may be combined with or
substituted for the hydrophobic restriction valve 60 at the
outlet port 52 to maintain a vacuum in the reagent gap 30
before injecting reagent 40. In another aspect, the inlet port
50 and outlet port 52 may have actuated 3-way valves
synchronized to switch from vacuum to reagent 40 during
injection.

[0072] Reagent 40 is exposed to a large surface area when
it is injected into the reagent gap 30. If vacuum is applied to
the reagent gap 30 then gas dissolved in the reagent 40 may
come out of solution when exposed to this vacuum. There-
fore the reagent 40 may have to be degassed prior to
injection to prevent gas bubbles forming in the reagent 40
during injection.

[0073] Weber number

pdpy?
Ty

We

characterizes relative influence of inertia vs. surface tension.
It is used to analyze thin film flows and the formation of
droplets and bubbles. The Weber number for a microreactor
array platform is W_>1 meaning that inertial forces have
moderate influence on filling microreactors compared to
surface tension. Weber number scales as the square of
velocity v so it can be increased by injecting reagent 40
faster. However there is an upper limit to velocity for filling
microreactors. At higher Weber numbers, reagent 40 may
break up into droplets on the upper surface 22a of the
microreactor array 22 due to inertial forces. This is exacer-
bated if gas is trapped or dissolved in the reagent 40.
[0074] Capillary number

characterizes relative influence of viscous vs. surface ten-
sion forces. The microreactor array platform 20 may have
low capillary number, meaning that liquid flow dynamics at
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velocity v are heavily influenced by surface tension y
compared to viscosity p. One group investigated liquid
filling dynamics of small features at low Capillary numbers
C,=0.001 to 0.01 for microimprint lithography applications.
They identified the following conditions for complete filling
of small features: high Capillary number, low aspect ratio
features and high surface wetting properties. At high Cap-
illary numbers, the dynamic contact angle becomes very
largely dependent on global hydrodynamics of the flow and
these permit filling microreactors at high speeds. High
Capillary number is achieved by high flow velocity v, high
viscosity | or low surface tension y. High flow velocity may
come from an external pressure differential applied to the
reagent 40. Relying on capillary action alone, without apply-
ing pressure, may result in incomplete filling of microreac-
tors 24 since reagent 40 may flow slowly over the top of the
upper surface 22a of the microreactor array 22 without
going into the microreactors 24. Under certain circum-
stances, it may be possible to increase Capillary number by
adding a thickening agent to the reagent 40 to increase
viscosity. Similarly, Capillary number may be increased by
decreasing surface tension with surfactant. Even small con-
centrations of surfactant <0.01% may decrease surface ten-
sion dramatically. Aspect ratio is relative depth to width ratio
of microreactors 24. Generally, aspect ratios less than 1 are
required for complete filling of microreactors 24. In other
words, it may be useful to provide microreactors 24 that are
wider than they are deep for complete filling. Surface
wetting properties in the reagent gap 30 may also be
important. A higher wetting (hydrophilic) surface of micro-
reactor array 22 compared to the opposing surface (hydro-
phobic) promotes filling of the microreactors 24. Hydro-
philic surfaces have lower contact angle compared to
hydrophobic ones which pulls liquid into the microreactors
24. Consistent wetting properties across the surface of the
microreactors 24 are also important to prevent entrapping
localized air pockets. Uniformly pre-coating the surfaces of
the microreactor array 22 with a hydrophilic reagent pro-
motes uniform wetting and filling of microreactors 24.

[0075] Reynolds number

characterizes relative influence of inertial vs. viscous forces.
Physical design parameters are interdependent. In one
aspect, it may be useful to balance physical design param-
eters to achieve proper filling of the microreactors. High
reagent injection velocity increases Capillary number to help
overcome surface tension with viscous forces. However,
Weber number also increases with velocity, which may
result in incomplete filling of microreactors due to inertial
forces that may break up reagent flow. This may manifest as
foaming and may be exacerbated by gas dissolved in the
reagent. Inertia may also cause reagent to skim across the
top of the microreactors instead of flowing down into them.
Complete filling of microreactors may be assisted by a
relatively low Weber number and a relatively high Capillary
number. The ratio of Weber to Capillary numbers is also
Reynolds number
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For complete filling of microreactors, it may be useful to
provide a low Reynolds number. For example, regent flow in
the fluid gap of the microreactor array platform may have a
Reynolds number of about 20, thereby resulting in laminar
flow. In one aspect, a low Reynolds number corresponds to
low reagent injection velocity v, a high kinematic viscosity

IR

and a small reagent fluid gap d.

[0076] After filling the microreactors 24, excess reagent
40 is displaced from the upper surface 22a of the microre-
actor array 22 and each of the individual microreactors 24 is
sealed to prevent evaporation, leakage, diffusion, movement
or cross-contamination during an assay. Functionalizing
chemicals may be immobilized to prevent dislodging by
reagent 40 prior to sealing the microreactors 24. For
example, functionalizing chemicals may be permanently
immobilized by chemical bonds. Alternatively (or addition-
ally), functionalizing chemicals may be immobilized only
temporarily, for at least as long as it takes to fill and seal the
microreactors 24 with reagent 40. After the microreactors 24
are filled with reagent 40 and sealed, the functionalizing
chemicals may be released into the reagent 40 without
diffusing into neighboring microreactors 24. Temporary
immobilization may be achieved via reversible chemical
bonds, photocleavable linkers, magnetic beads, soluble coat-
ings, or the like. A soluble coating may be applied, for
example, via non-contact dispensing or aerosol spray. In
some configurations, the soluble coating could be gelatin. If
functionalizing chemicals are arrayed onto a flat flexible
sealing film 28, then they may be temporarily immobilized
by overlaying them with a thin sheet of soluble material.

[0077] Excess reagent 40 may be displaced from the upper
surface 22a of the microreactor array 22 after filling the
microreactors 24 to ensure proper sealing. Trapped puddles
of reagent 40 may impede complete sealing, thereby result-
ing in leaking, diffusion or cross-contamination of the con-
tents of the microreactors 24. Therefore, it may be useful to
configure the microreactor array platform 20 for displacing
excess reagent 40. Some type of wiping, rolling or squeegee
action may be implemented to displace excess reagent 40
from the upper surface 22a of the microreactor array 22.
Pushing straight down on the microreactor array 22 with a
compliant material may not displace the entire reagent 40
since puddles may become trapped on the upper surface 22a
of the microreactor array 22. The puddles may not be
displaced regardless of how hard the compliant material is
pushed down. This is because the areas surrounding the
puddles are sealed more tightly as the compliant material is
pushed down, blocking the flow of reagent 40 away from the
puddles. The incompressible liquid of a puddle is pushed
further into the compliant material without being displaced
from the upper surface 22a of the microreactor array 22. A
rigid material may displace more reagent 40. However, some
liquid is invariably trapped in valleys, caused by surface
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irregularities between the rigid material and the upper sur-
face 22a of the microreactor array 22, resulting in poor
sealing of microreactors 24.

[0078] In some embodiments, the microreactor array plat-
form 20 displaces excess reagent 40 by forcing pressurized
sealing liquid 38, through the inlet port 54 in the bottom of
the window 44, against the first surface 42 of a sealing film
28. As the pressurized sealing liquid 38 spreads out against
the first surface 42 of the sealing film 28, the sealing liquid
38 may displace reagent 40 through contact with the second
surface 36 of the sealing film 28, from the upper surface 22a
of the microreactor array 22. Excess reagent 40 is then
pushed out through the inlet port 58 or outlet port 52. If
desired, reagent 40 may then be recovered from the inlet port
58 or outlet port 52. The sealing film 28 may be impervious
to liquids and may be smooth without any wrinkles or
creases, which can trap reagent 40. In some embodiments,
the sealing liquid 38 has a high viscosity to slowly wipe the
reagent 40 away from the upper surface 22a of the micro-
reactor array 22. The temperature of the sealing liquid 38
and the whole microreactor array platform 20 may be
lowered to increase the viscosity of the sealing liquid 38
prior to injection against the first surface 42 of the sealing
film 28. A constant sealing pressure force extrudes the high
viscosity sealing liquid 38 and maintains a constant sealing
pressure on the upper surface 22a of the microreactor array
22. Pressure is related to velocity of the sealing liquid via the
Darcy-Weisbach equation

1 p?
Vp:fDd_hT

relating pressure drop Vp to fluid velocity v and fluid density
p in a channel of length land hydraulic diameter d,. Param-
eter f,, is the dimensionless Darcy friction factor which is

64

fo= 7

for laminar flow where R, is the Reynolds number.

[0079] The flow path for sealing liquid 38 is preferably
smooth for uniform velocity against the sealing film 28. The
viscosity of the sealing liquid 38 is preferably higher than
the viscosity of the reagent 40 being displaced. If gas or low
viscosity sealing liquid 38 is used, then sealing liquid 38
velocity may be too high to displace reagent 40 from the
upper surface 22a of the microreactor array 22. Low vis-
cosity sealing liquid 38 or gas may quickly spread out
against the first surface 42 of the sealing film 28 without
wiping the reagent 40 completely away from the upper
surface 22a of the microreactor array 22. Consequently a
thin layer of reagent 40 may become trapped on the upper
surface 22a of the microreactor array 22 and may not be
displaced regardless of how high a sealing pressure is
applied to the sealing liquid 38. This trapped layer may
prevent complete sealing of the microreactors 24 resulting in
localized leakage of the contents of the microreactors 24.
The outlet ports 56 of the window 44 may be kept open as
the sealing liquid 38 spreads against the first surface 42 of
the sealing film 28 to vent gas and prevent gas pressure
buildup against the first surface 42 of the sealing film 28,
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thereby prematurely sealing the microreactors 24 before the
sealing liquid 38 has a chance to displace the reagent 40
away from the upper surface 22a of the microreactor array
22. The outlet ports 56 of the window 44 may be closed once
the sealing liquid 38 spreads out against the first surface 42
of the sealing film 28 to apply and maintain a constant
pressure of the sealing liquid 38 through the sealing film 28
onto the upper surface 22a of the microreactor array 22 for
the duration of the chemical reaction assay.

[0080] The sealing film 28 may temporarily adhere to the
bottom surface 48 of the window 44 without contact with the
upper surface 22a of the microreactor array 22, if vacuum is
applied to the reagent gap 30. In this case, the sealing film
28 may be adhered with a liquid adhesive that does not dry
out. The sealing film 28 may then release smoothly when
sealing liquid 38 is injected against first surface 42 of the
sealing film 28.

[0081] Sealing liquid 38 need not flow against the first
surface 42 of the sealing film 28 before injecting the reagent
40 since the sealing liquid 38 may cause the sealing film 28
to block the flow of the reagent 40. Applying vacuum to the
reagent gap 30 may pull sealing liquid 38 against the first
surface 42 of the sealing film 28. This may be prevented with
a valve 68 in the inlet port 54. In one aspect, the valve 68
may be a check valve or burst valve having a cracking
pressure greater than about 1 atmosphere. A burst valve may
be implemented with a plug of material, such as beeswax, in
the inlet port 54. In this case, the opening in the window 44
beneath the plug in the inlet port 54 may be greater than the
plug to allow the plug to break free of the window 44
without impeding flow of sealing liquid 38. In another
aspect, a burst valve may be implemented with thin imper-
vious material that ruptures when pressure is applied to the
sealing liquid 38. In another aspect, vacuum may be applied
to the sealing liquid 38 while applying vacuum to the reagent
gap 30 to balance out pressure forces on the sealing liquid
38. The sealing liquid 38 may be degassed before applying
vacuum to prevent air bubble formation in the sealing liquid
38.

[0082] The inlet port 54 may be in the middle of the
window 44 as shown in FIG. 6, or at either end of the
microreactor array platform 20. Further, outlet ports 56 are
positioned to be generally opposing each of the inlet port 50
and outlet port 52. Further, inlet port 54 may be collocated
with one of the outlet ports 56 so that there is one inlet port
54 and one outlet port 56 for the sealing liquid. If vacuum
is applied to the reagent gap 30, prior to injecting reagent 40,
then the sealing film 28 may be pulled down onto the upper
surface 22a of the microreactor array 22. This may happen
if the sealing film 28 is not adhered to the bottom of the
window 44 or if inlet port 54 or outlet ports 56 are open to
atmospheric or positive absolute pressure. If the sealing film
28 is pulled down, then the inertia of the sealing film 28 and
air pressure above the sealing film 28 may help to fill the
microreactors 24 as the advancing fill front of reagent 40
pushes the sealing film 28 away from the upper surface 22a
of the microreactor array 22. This may impart an opposing
force component towards the interior of the microreactors 24
helping to fill them completely with reagent 40. In another
aspect, to prevent the sealing film 28 from being pulled
down onto the upper surface 22a of the microreactor array
22, vacuum may be applied to inlet port 54 or outlet ports 56
in conjunction with vacuum applied to the reagent gap 30.
This may balance out the pressure on the first surface 42 and

Nov. 24, 2016

the second surface 36 of the sealing film 28 so that the
sealing film 28 is not pulled down onto the upper surface 22a
of the microreactor array 22 prior to injecting reagent 40. In
some embodiments, each of the outlet ports 56 may be
provided with a suitable valve 70 to control the application
of vacuum, the recovery of sealing liquid 38, or the like.

[0083] Outlet ports 56 may be used to flush out high
viscosity sealing liquid 38 with another material. The tem-
perature of the sealing liquid 28 or other material may be
controlled, prior to injection, to control viscosity or provide
thermal cycling or temperature regulation of the microreac-
tor array 22. Lower viscosity sealing liquids or gasses may
allow the sealing film 28 to be pulled up away from the
upper surface 22a of the microreactor array 22. This may
allow different reagents or gasses to be cycled through the
reagent gap 30. This feature may be incorporated into an
automated chemical processing system that cycles various
reagents or gases through the microreactor array platform
20. For thermal cycling, embodiments of an automated
microreactor array platform 20 may have built-in heaters or
coolers using, for example, thermoelectric devices or chan-
nels for hot or cold liquid. In other embodiments, the entire
microreactor array platform 20 may be placed inside a
chilling incubator or immersed in a temperature controlled
liquid bath for thermal cycling or temperature regulation in
general. The microreactor array platform 20 may be cooled
prior to injecting reagent 40 to initially slow down the
chemical reactions in the microreactors 24 or to increase the
viscosity of the sealing liquid 28. Dry gas may be pumped
into the reagent gap 30 under pressure to prevent conden-
sation if the microreactor array platform 20 is cooled prior
to injecting the reagent 40.

[0084] Pressurized sealing liquid 38 may press down on
the sealing film 28 to seal all of the microreactors 24. To
provide a good seal, the sealing pressure may be high
enough so that the sealing film 28 conforms to the inner
perimeters of the microreactors 24. Applying sealing pres-
sure to the sealing film 28 with a sealing liquid 38 may be
useful for this application. Liquid may flow freely and
conform to the shape of its container. Therefore liquid may
be used to apply uniform sealing pressure across the sealing
film 28. By contrast, a solid material such as silicone rubber
may provide uneven sealing pressure due to variations in
thickness or defects in the material. Therefore, reagent may
become trapped in the imperfections resulting in poor seal-
ing and leakage in those areas. Incompressible, high viscos-
ity sealing liquid 38 may be useful for displacing reagent 40
out of the way as the sealing liquid 38 fills the space between
the window 44 and the first surface 42 of the sealing film 28.
By comparison, gasses are compressible and have low
viscosity. Accordingly, gasses may not displace reagent from
the upper surface 22a of the microreactor array 22. Using a
constant pressure source to inject sealing liquid 38 against
the first surface 42 of the sealing film 28 may produce a
seamless transition from 1) displacing reagent 40 to 2)
sealing the microreactors 24. The sealing pressure source
may be pneumatic, hydraulic or a mechanical spring, for
example. Constant sealing pressure may be achieved via a
pressure regulator, constant vapor pressure (CO, cartridge)
or low mechanical spring rate, for example.

[0085] For some applications, chemical reactions may
undergo thermal cycling. The microreactors 24 may remain
sealed as the reagent 40 within the microreactors 24 expands
or contracts. Expansion and contraction may be exacerbated
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if gas is entrapped or dissolved in the reagent 40 especially
if bubbles form at higher temperatures. Solubility of gas in
liquid increases with pressure. Similarly boiling temperature
increases with pressure. Therefore applying sealing pressure
may prevent bubble formation in the microreactors 24
during thermal cycling. Degassing the reagent 40 prior to
thermal cycling may also be useful. Adding substance such
as glycerol or polyethylene glycol, with a boiling point
above about 100° C., may increase the boiling point of the
reagent 40; thereby further reducing bubble formation at
higher temperatures.

[0086] With reference to at least FIGS. 2 and 5, the
microreactor array platform 20 may further include a top 72
and one or more fasteners 74. In one embodiment, assembly
of the microreactor array platform 20 may involve providing
a microreactor array 22. The microreactor array 22 may
include one or more microreactors 24. Further, the micro-
reactors may be treated with one or more reagents, func-
tionalizing chemicals, or the like. Thereafter, the microre-
actor array 22 may be inserted into the cavity 26a within the
base 26. Optionally, a compliant layer 34 may be positioned
in the cavity 26a beneath the microreactor array 22, one or
more shims 32 may be positioned adjacent the microreactor
array 22, or a combination thereof.

[0087] With the microreactor array 22 positioned within
the base 26, the sealing film 28 may be disposed above the
upper surface 22a of the microreactor array 22. The window
44 may be positioned above sealing film 28 such that the
sealing film is disposed between the window 44 and the
microreactor array 22. The top 72 may be positioned over or
around the window 44. With the top 72, window 44, sealing
film 28, microreactor array 22 and base 26 positioned for
assembly, one or more of the fasteners 74 may be used to
couple the top 72 to the base 26, thereby providing the
assembled microreactor array platform 20. In one aspect,
through-holes (not shown) may be positioned at intervals
around a perimeter of the top 72. Similarly, the base 26 may
include one or more passages or openings (not shown).
When assembled, the through-holes and the openings in the
base 26 may be aligned to receive at least a portion of the
one or more of the fasteners 74 therein. In one example, the
through-holes may be smooth cylindrical bores and the
openings in the base 26 may be threaded cylindrical bores.
Accordingly, a partially threaded bolt may be guided
through the through-holes and then threaded or screwed into
the openings in the base 26 to secure together the microre-
actor array platform 20.

EXAMPLES

[0088] The following Examples have been presented in
order to further illustrate the invention and are not intended
to limit the invention in any way.

[0089] Methods to generate nucleic acid programmable
protein arrays (NAPPA) using embodiments of a microre-
actor array platform according to the present disclosure are
provided. Methods to screen for antibodies in patient serum
samples and analyze the results are also provided.

[0090] For the fabrication of microreactor arrays, a pho-
tolithography mask for a microreactor array was designed
using computer aided design (CAD) software (AutoCad,
Autodesk, San Rafael Calif.). A 150 mm diameter circle was
drawn. Seven microscope slide format slides 25.4 mmx76.2
mm were spaced apart within the circular outline. 50 pm
wide cut-lines ‘streets’ were added between slides for dicing.
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For each slide, about 14,000 130 um diameter circles were
drawn for the microreactors in a hexagonal closest packing
array pattern with 375 um center-to-center spacing leaving
atleast 1.33 mm empty areas, without features, at the top and
bottom of each slide. These areas were used for autofocus by
the microarray scanner. Numbers were placed along the
sides and bottom of each slide to identify rows and columns
respectively. A logo was included along the bottom of each
slide to orient it during the various processing steps of
printing, assaying and scanning. 200 um diameter circles
were added outside of the slides for depth measurement
during the etching process.

[0091] To fabricate photolithography masks for the micro-
reactor array, a photolithography mask drawing was pro-
vided to a mask manufacturer (JD Photo-Tools, Oldham
UK). “7"x7" chrome glass’, ‘super-high resolution’ (128K
dpi), ‘darkfield” and ‘design viewed from glass side’ were
specified. Clear areas of the mask (no chrome) correspond to
the etched areas of the silicon wafer in subsequent steps.
[0092] To pattern silicon wafers, 6" (150 mm) silicon
wafers (University Wafer, Boston Mass.) with standard
thickness of 675 pm+/-25 pm were obtained. One side of
each wafer was coated with 300 nm LPCVD low stress
nitride. Nitride was spin coated with 1 um AZ 3312 (AZ
Electronic Materials Inc., Branchburg N.J.) positive photo-
resist. Samples were then baked at 100° C. for two minutes.
Photo resist was exposed with the photolithography mask on
mask aligner (OAI, San Jose Calif.), developed in AZ300
MIF developer (AZ Electronic Materials Inc., Branchburg
N.J.) for 45 seconds, and hard-baked at 100° C. for 2
minutes. Nitride film was selectively etched with reactive
ion etch (RIE) and photoresist was removed with acetone.
[0093] To etch microreactors, HNA etchant mixture of
49% hydrofluoric acid (HF), 70% nitric acid (HNO3) and
(>98%) glacial acetic acid (CH3COOH) in the ratio of
2.75:1.75:1 was prepared. Wafers were isotropically etched
for about 30 minutes to 70 pm depth and 270 pm diameter.
Etching silicon with HNA is exothermic so the wafers were
agitated to maintain uniform temperature.

[0094] To grow an oxide layer, the surface of the wafer
was cleaned in piranha mixture (1:1 mixture sulfuric acid
(H,SO,):hydrogen peroxide (H,0,)) for 15 minutes. Sur-
face was cleaned in buffered oxide etch of hydrofluoric acid
(HF) and ammonium fluoride (NH,F) (1:6 mixture of
HF:NH,F) for 10 seconds. 95 nm thin film silicon dioxide
(Si0,) layer was grown at 1,000° C. for about 1 hour in an
oxygen furnace (Tystar 4600, Torrance Calif.).

[0095] Wafers were diced along cut-lines (Advotech Com-
pany, Inc., Tempe Ariz.) into 7 individual microreactor array
slides. Saw blade kerf was 50 pum so actual slide dimensions
were 25.35 mmx76.15 mm.

[0096] To functionalize surfaces, residual organic materi-
als were cleaned from the microreactor array slides in
piranha (1:1 mixture of H,SO,:H,0,) for 30 minutes. After
rinsing with DI water and drying with compressed air, slides
were immersed in a 2% solution of (3-Aminopropyl) tri-
ethoxysilane (APTES) in acetone for 30 minutes. Slides
were thoroughly rinsed in acetone and DI water, and dried
with compressed air.

[0097] To print DNA into microreactors, first plasmid
DNA was obtained for a set of genes from the DNASU
Plasmid Repository (Center for Personal Diagnostics, Bio-
design Institute, Arizona State University, Tempe Ariz.).
Clones were sequence verified and inserted in the F. coli
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pen-dual recombination cloning vector open reading frames
(ORFs) with the natural stop codon absent and a GST-tag
appended to C-terminus.

[0098] To purify plasmid DNA, E. coli colonies of clone
vectors were cultured and harvested. Plasmid DNA was
purified from the harvested cultures with a 96 microreactor
miniprep (Whatman Filter Plates, Sigma-Aldrich, St. Louis
Mo.). Miniprep DNA was transferred to a 384-well
microplate. Miniprep plasmid DNA was normalized to 100
ng/pul (Nanodrop 8000, Thermo Scientific, Wilmington Del.)
and stored at 4° C. until printing.

[0099] To prepare a 1xNAPPA printing-mixture, compo-
nents were thawed on ice and mixed together in the follow-
ing order and proportions: 93% nuclease-free DEPC-treated
water (Ambion, Life Technologies, Grand Island N.Y.),
0.6% BSA (Sigma-Aldrich), 1% anti-GST antibody (GE
Healthcare), 5% BS3 cross-linker (Thermo Scientific,
Pierce). The printing mixture was aged at 4° C. for one day
to allow partial cross-linking of BS3, and then aliquoted into
a 384-well microplate for printing. The printing mixture was
stored on ice at all times throughout the process.

[0100] Referring to FIG. 10, a microarray printing pattern
for the 96 plasmid DNA and the printing-mixture was
defined. Each spot containing printing-mixture and plasmid
DNA was surrounded with 6 spots containing just the
printing-mixture without the plasmids. In this way,
expressed proteins that diffuse away from a plasmid spot
were captured by the anti-GST antibodies in the printing-
mixture of neighboring spots and then easily detected.
Brightness and contrast was adjusted on a third of the
microarray in FIG. 10 to show spots containing just the
printing-mixture without the plasmids and the correspond-
ing actual printing density.

[0101] To prepare the bitmap pattern for FIG. 11, a digital
RGB image was resized to 108x108 pixels using function
imresize( ) (Matlab, MathWorks, Natick Mass.). The func-
tion imrgb2ind( ) was used to reduce the image to an indexed
image with 5 uniformly spaced grayscale intensities, gray
(5). The indexed image was then split into two halves to fit
on a 1"x3" microscope slide format and converted to a
bitmap file using function imind2rgb( ).

[0102] The APTES functionalized microreactor array
slides were aligned on the deck of a non-contact piezoelec-
tric dispensing microarrayer (Rainmaker-au302, Engineer-
ing Arts LLC, Tempe Ariz.) to prepare them for printing as
shown in FIG. 10. The au302 alignment system was used to
align the microreactors of the slides for continuous non-
contact dispensing.

[0103] To print microreactor arrays as in FIG. 10, either 8
or 16 piezoelectric dispensers (Engineering Arts LLC,
Tempe Ariz.) were used on the au302 microarrayer. Dis-
pensers were primed with DI water. The 384-well microplate
with printing-mixture was placed on the deck of the au302
microarrayer and 2 pl printing-mixture was aspirated into
each dispenser using on-head aspiration syringes. Twelve
0.1 nl drops of printing-mixture were dispensed in short
bursts at 12,500 drops-per-second into microreactors using
the predefined microarray pattern defined above. Non-con-
tact piezoelectric on-the-fly dispensing at uniform print-
head speed of 175 mm/sec was used. The piezoelectric tips
were cleaned by flushing DI water through the dispenser
while the dispenser tip was submerged in flowing DI water.
Within 10 minutes, the same process was repeated with the
384-well microplate of plasmid DNA. Three drops of plas-
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mid DNA was printed in the same spots as the printing-
mixture using the same aspirating and dispensing parameters
(12,500 drops-per-second) as for the printing-mixture. Plas-
mid DNA was not printed into the 6 surrounding microre-
actors containing just printing-mixture alone. The process of
dispensing printing-mixture followed by plasmid DNA was
repeated until all of 96 genes were printed.

[0104] To print the microarray for the image shown in
FIG. 11, DNA and printing mixture were combined and
printed onto a microreactor array using a PiXY microarrayer
capable of printing colored bitmaps.

[0105] To print flat glass slides for p53 serum screening
comparison (see FIG. 12), DNA and printing mixture were
combined and printed on APTES coated glass microscope
slides (Fischer Scientific, Waltham Mass., Cat. No. 12-544-
1) using Genetix QArray2 pin-spotter at 2,500 spot density
per microscope slide. Printed plasmid DNA microarrays
were stored at room temperature in a sealed container with
desiccant.

[0106] For protein expression, microreactor array slides
were first blocked. This step washed away unbound printed
molecules from slides’ surfaces. A centrifuge (Beckman
Coulter model Allegra X-15R, Indianapolis Ind.) was pro-
grammed for 3750 RPM, maximum acceleration and maxi-
mum deceleration. Slides were submerged in a tray contain-
ing 8 ml of Superblock Blocking Buffer in TBS (Thermo
Scientific product #37535B, Rockford 111.). Samples were
accelerated up to the maximum speed and decelerated right
away. Slides were rinsed in DI water and dried with com-
pressed air.

[0107] The same procedure as outlined above for micro-
reactor array slides was used to block glass slides for FIG.
12. The centrifuge was not required. Slides were blocked for
one hour on a rocking table (VWR model 200, Radnor Pa.).
[0108] In vitro coupled transcription and translation
(AVTT) reagent was prepared from the “l-step human in
vitro protein expression kit” (Thermo Scientific, Rockford,
111.). The four components of the kit and were thawed and
stored on ice. Components were mixed in the following
order and proportions: 34% HelLa lysate, 10% accessory
proteins, 22% reaction mix and 34% nuclease-free water,
using 60% Hel.a lysate compared to the normal recipe.
Mixture was stored on ice. Lysate was degassed in a vacuum
desiccator until bubbles were gone (approximately 5 min-
utes).

[0109] IVTT reagent was applied to microreactor array
slides by first inserting a microreactor array slide into a
microreactor array platform according to the present disclo-
sure. An O-ring was positioned around the microarray slide,
and a sealing film was placed on top of the O-ring and slide.
A window was placed on top of the sealing film and the
microreactor array platform was clamped together using
fasteners. Vacuum was applied to the reagent outlet port and
300 pl IVIT reagent was injected into the reagent inlet/
outlet port. Pressurized sealing liquid was injected into the
inlet port in the window to displace the reagent and seal the
microreactors.

[0110] To apply IVTT reagent to flat glass slides for FIG.
12, a gasket (Hybriwell Sealing System item 440904, Grace
Biolabs, Bend Oreg.) was attached to the slide. Using a
manual pipette, 150 pl IVTT reagent was injected into the
hole at one end of the gasket.

[0111] Glass slides and gasket were incubated at 30° C. for
1.5 hours and then 15° C. for 0.5 hours (EchoTherm chilling
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incubator, Torrey Pines Scientific, Carlsbad Calif.). The
assembled microreactor array platform was incubated at 30°
C. for 2 hours and then 15° C. for 1 hour. Incubation times
were longer than standard NAPPA on glass slides to accom-
modate longer heating and cooling times due to the higher
thermal mass of the microreactor array platform.

[0112] To detect fluorescent signals for FIGS. 10 and 11,
proteins were first fluorescently labeled. To preserve
molecular functionality, slides were not allowed to dry out
between processing steps. A 5% milk-PBST (0.2% Tween)
blocking buffer was prepared by combining 500 ml 1x
phosphate buffered saline (1xPBS) with 25 grams 100%
instant nonfat powdered dry milk and 1 ml Tween 20
detergent and mixed with magnetic stirring bar for 10
minutes. The resulting solution was stored at 4° C. A small
tray was filled with blocking buffer. The microreactor array
platform was disassembled and the slide was removed and
submerged into blocking buffer. Blocking was performed for
one hour at room temperature on a rocking table (VWR
model 200, Radnor Pa.) with blocking buffer replaced three
times. A primary label was prepared by mixing 10 pl mouse
anti-GST monoclonal antibody (Cell Signaling Technolo-
gies, Danvers Mass.) in 3 ml blocking buffer. Slides were
incubated in primary label overnight at 4° C. on a rocking
table then rinsed with blocking buffer 3 times for 10 minutes
each, replacing blocking buffer each time. Secondary label
was prepared by mixing 6 pl Alexa Fluor 647 nm goat
anti-mouse IgG antibody (Life Technologies, Grand Island
N.Y.) in 3 ml blocking buffer. Slides were incubated in
secondary label for 1 hour at room temperature on a rocking
table in the dark to prevent photo bleaching of the fluores-
cent dye. Rinsing buffer was prepared by mixing 500 ml
1xPBS and 1 ml Tween. Slides were rinsed in rinsing buffer
three times for 1 minute each time, replacing the rinsing
buffer each time. Slides were rapidly rinsed in DI water 6
times replacing water each time and then dried with com-
pressed air and stored in the dark, at room temperature with
a desiccator.

[0113] To probe serum samples for FIG. 12, following
protein expression, slides were blocked in 5% milk-PBST
(0.2% Tween) on a rocking table at room temperature for 1
hour. Slides were incubated with diluted serum sample in
proplate 4-well tray set (Grace Bio-Labs, OR) at 4° C.
overnight. Slides were then washed in 5% milk-PBST (0.2%
Tween) three times for 5 min each time. Protein display was
detected with Alexa Fluor 647 labeled goat anti-human IgG
secondary antibody (Jackson ImmunoResearch, West
Grove, Pa.). Finally, slides were washed in DI water and
dried with compressed air.

[0114] Microreactor array slides were imaged by first
programming a fluorescent microarray scanner (PowerScan-
ner, Tecan, Mannedorf Switzerland) for microreactor array
slides. Coordinates of the empty areas at the top and bottom
of slides were defined for autofocus along with the reflec-
tivity of those areas. A 70 um offset was defined for
microreactor depth after autofocus. Self-adhesive 325 pm
thick backing was applied to slides to accommodate 1 mm
slide thickness requirement of the scanner. Slides were
scanned at 10 pm resolution, 25% laser power (out of 30
mW) and 25% (out of 800% maximum) photo multiplier
tube (PMT) detector gain. Data was extracted (Array-Pro,
Media Cybernetics, Rockville Md.) and analyzed (Excel,
Microsoft, Redmond Wash.). With reference to FIG. 12,
signal to background ratio of anti-P53 response was plotted.
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Signal for each dilution point was the average signal of six
spots on the array, and signal of each spot was the median
pixel value of that spot. Background was the median signal
of all of the spots on the array.

[0115] Features suitable for such combinations and sub-
combinations would be readily apparent to persons skilled in
the art upon review of the present application as a whole.
The subject matter described herein and in the recited claims
intends to cover and embrace all suitable changes in tech-
nology.

[0116] The present disclosure has been described in terms
of one or more preferred embodiments, and it should be
appreciated that many equivalents, alternatives, variations,
and modifications, aside from those expressly stated, are
possible and within the scope of the disclosure.

[0117] Each reference identified in the present application
is herein incorporated by reference in its entirety.

[0118] While present inventive concepts have been
described with reference to particular embodiments, those of
ordinary skill in the art will appreciate that various substi-
tutions and/or other alterations may be made to the embodi-
ments without departing from the spirit of present inventive
concepts. Accordingly, the foregoing description is meant to
be exemplary, and does not limit the scope of present
inventive concepts.

[0119] A number of examples have been described herein.
Nevertheless, it should be understood that various modifi-
cations may be made. For example, suitable results may be
achieved if the described techniques are performed in a
different order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the present inventive concepts.
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invention.

1. A microreactor array platform comprising:

an array of microreactors;

a sealing film having a first surface and an opposite
second surface, the sealing film configured to movably
seal the array of microreactors;

a reagent gap providing a fluid path between the array of
microreactors and the second surface of the sealing film
when the second surface of the sealing film is in spaced
relationship with the array of microreactors;

an injector for delivering a reagent into the reagent gap;
and

an applicator for directing a sealing liquid against the first
surface of the sealing film.

2. The microreactor array platform of claim 1 wherein:

a system is provided for creating a pressure differential
between the reagent in the injector and the reagent gap.

3. (canceled)

4. (canceled)

5. The microreactor array platform of claim 1 wherein:

the sealing film is more hydrophobic than at least a
portion of a surface defining the array of microreactors.

6. (canceled)

7. The microreactor array platform of claim 1 wherein:

at least one of the microreactors includes functionalizing
chemicals dispersed thereon.

8. (canceled)

9. (canceled)

10. The microreactor array platform of claim 1 wherein:

at least a portion of the sealing film includes functional-
izing chemicals dispersed on the second surface.

11. (canceled)

12. (canceled)

13. The microreactor array platform of claim 1 further

comprising:

initiating functionalizing chemical spots and reacting
functionalizing chemical spots arrayed separately onto
the array of microreactors and opposing flat surface that
comes into contact with the array of microreactors, the
initiating functionalizing chemical spots and the react-
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ing functionalizing chemical spots being aligned with

each other thus enabling multiplexed combinatorial

chemical reactions.

14. The microreactor array platform of claim 1 further

comprising:

a window configured with a window inlet port and a
window outlet port for flowing the sealing liquid.

15. The microreactor array platform of claim 14 further

comprising:

a space between the window and microreactor array
defining a gap for at least one of the reagent, the sealing
film, and the sealing liquid.

16. The microreactor array platform of claim 14 wherein:

a vacuum is applied using the system via at least one of
the window outlet port and window inlet port to main-
tain at least a portion of the reagent gap open.

17. The microreactor array platform of claim 1 further

comprising:

a base configured with a base inlet port and a base outlet
port for injecting or removing the reagent.

18. (canceled)

19. The microreactor array platform of claim 1 wherein:

the reagent is injected into the array of microreactors via

a pressure differential generated by the system.

20. (canceled)

21. The microreactor array platform of claim 1 wherein:

the viscosity of the sealing liquid is higher than the
viscosity of the reagent.

22. (canceled)

23. The microreactor array platform of claim 1 wherein:

the applicator comprises one of a pneumatic source, a
hydraulic source or a mechanical spring source.

24. (canceled)

25. (canceled)

26. A method for sealing a reagent in microreactors of an

array of microreactors, the method comprising:

(a) providing a microreactor array platform, comprising:
(i) an array of microreactors,

(i1) a sealing film having a first surface and an opposite
second surface, the sealing film configured to mov-
ably seal the array of microreactors,

(iii) a reagent gap providing a fluid path between the
array of microreactors and the second surface of the
sealing film when the second surface of the sealing
film is in spaced relationship with the array of
microreactors, and

(iv) an injector for delivering a reagent into the reagent
gap;

(b) injecting the reagent into the array of microreactors
using the injector; and

(c) directing, using an applicator, a sealing liquid against
the first surface of the sealing film to achieve a contact
of at least a portion of the second surface with the array
of microreactors.

27. The method of claim 26 wherein:

the microreactor array platform further comprises a sys-
tem for creating a pressure differential between the
reagent in the injector and the reagent gap; and
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the method further comprises applying a vacuum to the
reagent gap using the system via a pressure differential
generated by the system.

28. (canceled)

29. (canceled)

30. (canceled)

31. (canceled)

32. The method of claim 26 wherein:

at least one of the microreactors includes functionalizing
chemicals dispersed thereon.

33. (canceled)

34. (canceled)

35. (canceled)

36. (canceled)

37. (canceled)

38. The method of claim 26 wherein:

initiating functionalizing chemical spots and reacting
functionalizing chemical spots arrayed separately onto
the array of microreactors and opposing flat surface that
comes into contact with the array of microreactors, the
initiating functionalizing chemical spots and the react-
ing functionalizing chemical spots being aligned with
each other thus enabling multiplexed combinatorial
chemical reactions.

39. The method of claim 26 wherein:

the microreactor array platform further comprises a win-
dow configured with a window inlet port and a window
outlet port for flowing the sealing liquid; and

the method further comprises applying a vacuum using
the system via at least one of the window outlet port
and window net port to maintain at least a portion of the
reagent gap open.

40. (canceled)

41. (canceled)

42. The method of claim 26 wherein:

the microreactor array platform further comprises a base
configured with a base net port and a base outlet port
for injecting or removing the reagent; and

the method further comprises directing the sealing liquid
against the first surface of the sealing film further
comprises displacing the reagent from the microreactor
array platform via at least one of the base inlet port and
base outlet port.

43. (canceled)

44. (canceled)

45. The method of claim 26 wherein:

the sealing liquid is injected against the first surface of the
sealing film via a pressure differential generated by the
system.

46. (canceled)

47. (canceled)

48. (canceled)

49. (canceled)

50. (canceled)

51. (canceled)



