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DESCRIPTION

[0001] The invention relates to a device and a method for the generation of molecular
microarrays. The invention relates therefore to a universal approach for the generation of
protein microarrays, DNA microarrays and RNA microarrays (in general nucleic acid
microarrays), by production of an output molecule from a template molecule microarray via
enzymatic or chemical processes and transfer of the output molecule onto the desired
molecular microarray.

BACKGROUND

State of the art in DNA-to-protein-array copying

[0002] The production of protein-microarray in the "classical setup” is to synthesize proteins in
cells, followed by purification of the proteins from lysed cells and transfer of protein solution
onto a microarray. This is typically carried out for each protein individually. If all protein
solutions are purified a dispensing system is used to generate the protein-microarray. Even
though this technique has been used for over more than a decade it is cumbersome and
needs much effort in terms of time and money, especially the maintenance of the cell culture
and the protein expression in the cells. This leads often to costs of more than €1000 for each
protein-microarray.

[0003] A chemical in-situ synthesis of proteins on a chip has not been successful due to the
poor synthesis yield combined with the insufficient purity of the product, in comparison to the
natural cell-born proteins. Only short protein fragments, so called peptides, are applicable with
in-situ synthesis. But for the information value and significance the best biochemical test need
to be carried out with preferably naturally expressed full-length proteins.

[0004] Approaches towards synthesis of full-length proteins based on microarrays have been
developed to produce proteins directly from DNA. A review [2] published in February 2010
shows different approaches and variants. It emphasizes which of these methods have been
realized already in order to generate a protein array from a DNA array as template source.
One basic message is that protein can only be synthesized if the DNA has encoded several
functional "information” units, like ribosome binding site, promoters etc. It could be said that the
DNA has to be "expression ready" to be recognized and processed by a cell free expression
mix, which is then transcribing the DNA and translating mRNA into the corresponding protein.

[0005] In 2001 He and Taussig published the PISA-System [3] (WO 02/14860). Here the DNA
was mixed with the cell free expression mix directly before dispensing. Small droplets were
subsequently transferred onto a surface. Each of the droplets generates the protein in
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accordance to the added DNA. Within the protein sequence a His-tag is encoded. This His-tag
binds specifically to a so called nickel-NTA-surface. After enough protein is generated the
whole surface is rinsed and therefore washed with liquid. This is removing all DNA and all
proteins, which contain no His-tag. Only the proteins containing a His-tag will stick to the
surface and therefore be "purified" and separated from all other proteins. This microarray
could be used directly for protein-protein interaction binding measurements. In 2006 a protein-
microarray made via this method containing 13,000 different proteins or protein fragments was
published [4].

[0006] The PISA system circumvents the efforts of cumbersome, individual protein purification
(in comparison to the classical methods of recombinant protein synthesis), but the effort to mix
each template DNA sequence with cell free expression system directly before transfer to the
microarray surface is still enormous. And it should be done for each spot on the microarray
under exactly the same conditions, especially in respect to concentration and time parameters.
This could only be realized, and in some cases only with great difficulty, with a pipetting robot.

[0007] In 2004 LaBear published the NAPPA system (Nucleic Acid Programmable Protein
Array) (US 6,800,453 B2) for the manufacture of protein arrays from DNA arrays [5]. Here a
surface is needed which bears two binder molecules. Streptavidine was used and a antibody
against a His-tag. Onto this dual-binder surface a DNA-microarray was printed with DNA
containing a tag, which binds to the surface. A biotinylated DNA was used for proof of concept.
These DNA-microarrays can be stored for up to 2 years. The shelf life of the whole NAPPA-
microarray is limited by the shelf life of the antibody and the DNA. Directly before use the
complete microarray is covered with cell free expression system. On each spot, defined by the
DNA of the spot itself, a different protein is synthesized, which diffuses freely. But each protein
contains a special sequence, which binds to the antibody. Therefore by pure statistical
likelihood the antibody binds to the surface. Due to generation of the protein directly on the
DNA spot, most of the protein will bind onto the spot or in its immediate proximity. After a
washing step only the DNA and the desired protein remains on the surface and the microarray
with the freshly synthesized proteins could be used for experiments. In 2008 a protein
microarray with approx. 1000 proteins was published [6].

[0008] The advantage of NAPPA compared to PISA is to decouple the DNA-micorarray
preparation from protein synthesis. Whilst in PISA the proteins are directly and inherently
synthesized during and after manufacturing the microarrays, the NAPPA system enables
making a large number of DNA-microarrays and storing them for a long time. Important in
experimental use is that the protein is freshly synthesized. Therefore the NAPPA system could
be described as an "on-demand" protein microarray. Disadvantages are the dual binder
system (which leads to increased cost factor) on the surface, like streptavidine and antibodies,
in addition to their remaining together with the DNA on the surface (higher chance for
unspecific binding).

[0009] In 2008 He et al (from the group of Michael Taussig) published the DAPA-System [1]
(WO 2006/131687), a method which allows to take a DNA-microarray original and generate
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several copies as protein-microarrays. In this system the protein-coding DNA is dispensed as
DNA-microarray onto a commercial available epoxy-functionalised surface. This is done as in
classic DNA-microarray generation.

[0010] For the DAPA-system a DNA-array is brought in contact to a second surface via laying a
membrane between them. The membrane has been soaked previously with a cell free
expression system, which starts immediately at contact with DNA template to produce proteins
based on the DNA of each spot from the microarray (like the PISA setup). The protein diffuses
through the membrane and binds to the second surface. In this way a protein-microarray is
generated. As catcher surface a Nickel-NTA surface is used and within the DNA an according
His-Tag as specific binding sequence against this catcher surface was encoded. After app. 3
hours the sandwich is opened and the DNA-microarray as well as the protein-microarray are
washed. Then the protein-microarray can be used for experiments and the DNA-microarray
could either be stored until making the next protein copy or be reused immediately again to
make the next protein-microarray.

[0011] Diffusion will make the protein spots larger than the DNA spots and also lead to a
blurred edge due which is a characteristics of the diffusion which is inherent in the process.
The diffusion blur of the edge is lesser in relation to the thinness of the membrane and the
resulting diffusion distance from the DNA-array to the protein catching surface.

[0012] Compared to PISA and NAPPA the most obvious advantage of the DAPA-system is that
several protein-microarray copies can be generated from only one single DNA-microarray
original. Additional advantages are that there is no disturbing DNA, like in the NAPPA-system,
on the protein-microarray and only one capture is needed on the protein-microarray surface at
all. But this system allows at first to make several protein-microarray replicates from one DNA-
microarray. This is a complete novum against all other systems.

[0013] Nevertheless the workflow of the described DAPA to generate protein-microarrays holds
several unfavorable properties, which are mainly inherent or related to the membrane itself.

[0014] Firstly, there is the real physical "hard" contact between the membrane and both array
surfaces, which results in scratches and/or physical abrasion over time and use. This will
damage the protein array surface and limits its later use. The DNA arrays are additionally
damaged, which limits their lifetime with respect to the total number of protein arrays made
before the DNA is denatured or ablated by the copying process.

[0015] Secondly, the membrane is typically an inhomogeneous material which will convey
protein unpredictably onto the protein array copy. The membrane itself is undefined, as itis a
non-woven and therefore random material. Within this material the diffusion of the generated
molecules is not omnidirectional also described as anisotropic, which means that there are
preferred and not so preferred directions. Due to the fibers used within the material, diffusion
along a fiber or in a particular direction favored by the fibers random or semi-random
alignment could occur. This leads to an inhomogeneity of the generated protein pattern, which
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is a mathematical convolution of the original DNA image and the membrane inhomogeneity. As
each copy process needs a new membrane, each copy is inherently different to the next, due
to the differences in the membranes fine-structures. This effect becomes stronger the smaller
the structure size on the DNA array. As such the factor of unpredictable and irreproducible
transfer via the membrane limits the minimal resolution of this copying process and
reproducibility of the method.

[0016] Thirdly, the biochemical reaction of protein production starts immediately after bringing
the membrane in contact with the DNA. Therefore the assembly of the stack DNA-array,
membrane, second surface is automatically coupled to the start of the reaction. This prevents
assembly of several reactors and parallel initiation of microarray production. There is no
defined reaction start, especially when multiple assemblies are to be carried out
simultaneously. This is also reduces reproducibility.

[0017] Fourthly, the installation of the membrane is challenging due to its thinness and is
therefore hard to handle. This is heightened by the fact that the protein arrays are increasingly
better in quality the thinner the membrane is, but the thinner the wetted membrane is the more
fragile and more difficult the handling of the membrane becomes, potentially falling apart under
its own weight, buckling or entrapping air bubbles. This is also reduces reproducibility.

[0018] During assembly of the DNA-array, the membrane and the second surface, no air
bubbles should be trapped by the membrane. This can only be prevented by skilled and
experienced personnel.

[0019] Additionally, according to recent publications, the DAPA-device is complex and therefore
error-prone in comparison to a less complex setup.

[0020] A further disadvantage is that the generation of one protein-microarray requires more
than 3 hours, primarily due to limited reaction efficiency due to the active components (cell free
enzyme mix) being primarily bound in or interacting with the membrane, thus creating to some
degree a separation of template DNA from transcription and translation enzymes. Additionally
the diffusion of the protein product through the membrane requires additional time. This leads
to a prolonged expression time for the generation of the protein copy.

[0021] All these disadvantages lead to an inherently poor reproducibility of the DAPA system,
in large due to the process being dependent on the membrane-mediated reaction system and
output molecule transfer. By assembly the contact of the membrane and thus the cell free
expression system will be made and immediately proteins produced. It is not possible in the
described DAPA setup to decouple assembly and reaction start. This particular disadvantage
disables the reproducibility of the whole system.

[0022] Taking these disadvantages into account, there are some microfluidic approaches to
synthesize proteins from DNA using cell free expression. However these publications [7-10] in
the field of microfluidics are focused only to obtain more protein with less cell free expression
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mix and not to fabricate protein microarrays.

State of the art in DNA-to-DNAIRNA-arrav copying

[0023] Due to the broad commercial availability of DNA-microarrays very few research groups
have aimed to take DNA-microarray originals and make copies in terms of DNA-microarrays or
RNA-microarrays. Nevertheless, there has been some progress on the DNA-to-DNA copy of
microarrays.

[0024] In 2001 Kumar et al [11,12] used a contact printing technique to generate a "dilution
series of microarrays". Therefore a DNA-microarray was printed onto a surface with a
reversible chemical bond. This DNA-microarray was brought in close conformal contact with an
acrylamide surface. The chemical properties of this acrylamide surface reversibly opened the
chemical bond of the DNA from the master microarray and resolved some DNA from the
template (or master) onto the new array. Then the DNA was bound covalently onto the
acrylamide. This step could be repeated several times and was depleting the master array until
all DNA was removed. The generated DNA microarray copies could be made in two modes.

[0025] If the same resolving time was always applied a dilution series of the DNA was
generated, leading to DNA microarray copies which contained less DNA for each following
copy. If applied with an experimentally determined increasing resolving time all copies
contained roughly the same amount of DNA. As such with this technique it is possible to
generate copies of a DNA master microarray, but the DNA master microarray is depleted over
time. The initial DNA amount is only distributed over all made copies. So it is a replication, but
without amplification.

[0026] Yu et al presented in 2005 [13] an affinity copy of a DNA microarray. Here a primary
DNA microarray was printed. This primary DNA microarray was incubated with a mix of DNA,
which contained thiol-modified cDNA which binds to the according DNA on the primary
microarray. As such the cDNA hybridizes exactly onto the different spots of the primary
microarray. Then a gold-coated surface is brought in close conformal contact to the primary
microarray. Due to this close proximity the thiol-groups interact and covalently bind to the gold
surface. By heating up and splitting the two surfaces a negative copy of the initial DNA
microarray was manufactured.

[0027] This enables only creation of a negative copy. Due to the use of the Thiol-gold-binding
system it is not possible to make a negative of the negative, and this restricts the process to
make only negatives. Additionally, the close conformal contact between the both hard surfaces
is very unfavorable because it leads to very strong mechanical stress and as such to scratches
and mechanical abrasion, especially of the thin gold-coating of the surface. Again the DNA was
not amplified directly on the microarray; it was pre-synthesized and then applied for
hybridization.
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[0028] In 2006 S. Kim et al [14] avoided the conformal contact between the different surfaces
by using a spacer in form of a "hole mask”. They printed a microarray and hybridized the cDNA
onto the different spots of the microarray. Then a mask with holes on exactly the positions of
the spots was laid onto it and filled with liquid. Onto this sandwich a nylon membrane was
applied. By applying heat and an attractive electrical field the cDNA was released from the
primary surface and transferred to the nylon membrane. A negative DNA microarray copy was
generated. After blocking, the surface could be used for the experiments.

[0029] This setup enables again the negative microarray copies, but the correct blocking of the
surface of this negative copy would allow to repeat this process from the negative, so that a
negative negative copy and as such a positive copy would be possible. Again the cDNA was
not synthesized in-situ on the array; it was incubated as a prepared mix on the primary
surface. An additional disadvantage is the holed mask. It has to be exactly in the format and
especially in the grid of the spots of the primary DNA microarray and it has to be positioned
exactly. Given the length of a microscope glass slide of 75 mm and a spot size of 100 pm the
mask has to be placed under a tilt of less than 0.08° and for a new format of microarray a new
holed mask has to be made.

[0030] In the same year, 2006, Y. Kim et al [15] presented an advanced copying technology for
DNA-to-DNA copies of microarrays. First a primary DNA microarray was printed onto a
substrate. Then a DNA-Polymerase was used directly on this surface to generate the cDNA.
The primer for the Polymerase already contained a biotin-modification. After the amplification
by the Polymerase each spot contained its according cDNA labeled with biotin. Then a second
surface coated with streptavidin is brought in strong contact to the primary surface. Due to the
close proximity the biotin binds to the Streptavidin. By heating, the binding strength between
DNA and cDNA is lowered and both surfaces are split from each other. This leads to a negative
copy remaining on the secondary surface.

[0031] The advantage of this setup is that the DNA is amplified in-situ direct on the microarray,
so no presynthesis is needed. Also the transfer is, due to the specific binding between biotin
and Streptavidin, highly specific. Disadvantages are the close conformal contact between the
surfaces leading to mechanical damage of the arrays as well as only negative copies could be
obtained. The process could not be repeated with the Streptavidin-biotin binding system, so
other binding pairs have to be evaluated, if a positive copy should be maintained.

[0032] Furthermore, WO2006/058246A2 describes a device and method for replicating a DNA
microarray (master array) to a replica substrate, wherein the confronting surfaces of the
master array and the replicate substrate are separated by a layer of liquid.

Conclusion on the prior art with respect to array copying

[0033] For the DNA-to-DNA copy only Y. Kim et al [15] concluded to use a enzymatic DNA
amplification system as beneficial for the replication process. This will inherently deliver the
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"DNA ink" to make the copy, independently of the DNA sequence, whilst S. Kim et al [14]
recognized to circumvent the close conformal contact between surface, to prevent mechanical
abrasion as well as to transfer the DNA within the liquid. None of them realized a positive copy
of the initial DNA.

[0034] For the DNA-to-Protein copy there are two key generation systems (PISA and NAPPA),
which allow to convert a DNA-microarray into a protein-microarray. However both systems use
and consume the DNA-microarray. Taussig et al [1] improved his own PISA-system to the
DAPA-layout, which allows to make several protein-microarray copies without using up the
original template DNA-microarray. But the system is inherently undefined for its starting
conditions, due to the fact that the assembly and the reaction start are coupled. This limits
reproducibility and due to hard contact between different surfaces, again the arrays suffer in
quality and reproducibility by mechanical abrasion.

SUMMARY OF THE INVENTION

[0035] It was an objective of the invention to provide a device and a method for the generation
of molecular microarrays, which overcomes the problems known in the prior art. A further
object of the invention was to provide a unified approach to enable, in the same setup (device,
method and system), DNA, RNA and protein-microarrays to be produced via an identical work
flow. In light of the prior art, the technical problem underlying the present invention can be
seen as the provision of an improved or alternative device and method for enabling fast,
controllable and reproducible transmission of molecules, such as protein, DNA or RNA, from a
template to a capture surface. A further technical problem was to provide complete decoupling
of assembly of the template and capture array surfaces from initiation of the reaction leading to
production of output molecules and transfer of said output molecules, preferably under defined
conditions and with a minimum of mechanical stress to the original template array.

[0036] This problem is solved by the features of the independent claims. Preferred
embodiments of the present invention are provided by the dependent claims.

[0037] The various aspects of the present invention, namely the method and the device
described herein, represent a unified invention, as all are defined by novel and inventive
features in light of the cited prior art. It was at the date of filing unknown that molecular
microarrays could be produced via production and transfer of an output molecule, such as
protein, DNA or RNA, from a template surface to a capture microarray surface without the
assistance of a membrane layer positioned between the two surfaces. The absence of such a
membrane layer enables the decoupling of the reaction start from the assembly of the device,
providing various advantages, as described herein. The use of a microfluidic gap or incubation
chamber between the template and capture surfaces was thought previously to be unsuited for
the precise molecular transfer described herein. It was therefore surprising, that the transfer of
output molecule can occur reliably in a small volume of fluid without the need for membrane
support. All aspects of the invention are based on and make use of this newly developed
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principle, therefore providing a unified concept to the various aspects of the invention, such as
the method, device, array and system.

[0038] Therefore, an object of the invention is to provide a method for producing a molecular
microarray, comprising

1.a) providing a first support surface (template surface), that exhibits one or more
template molecules immobilised on its surface, and an opposing second support surface
(capture or microarray surface),

2.b) production of an output molecule from said template molecule via a cell-free
enzymatic and/or chemical reaction system,

3. ¢) transfer of said output molecule to a second support surface via fluid between the first
and second support surface, with a correlation between the location of the template
molecules on the first support surface and the deposition of the corresponding output
molecules on the second support surface,
characterised in that

4.d) assembly of the support surfaces in a fixed position in the form of a microfluidic
incubation chamber formed between opposing separated first and second support
surfaces occurs before initiation of step b), whereby initiation of step b) is prevented by
the absence or inactivity of a cell-free enzymatic and/or chemical reaction system
between the support surfaces, wherein introduction or activation of the cell-free
enzymatic and/or chemical reaction system in the microfluidic incubation chamber
induces production of said output molecule and enables transfer of said output molecule
to said second support surface, wherein the microfluidic incubation chamber does not
comprise a membrane positioned between the first and second support surfaces.

[0039] Thereby, in step d) assembly of the support surfaces is decoupled form initiation of step
b), whereby initiation of step b) is prevented by removable restrictive means.

[0040] In one embodiment the method of the present invention is characterised in that the
initiation of step b) is prevented by the following features, which are understood to be
removable restrictive means

« a spatial separation between the first support surface and the second support surface,
preventing direct physical contact of the two surfaces,

= a chemical or energetic environment that blocks the cell-free enzymatic and/or chemical
reaction system, such as pH value and/or temperature that limits or blocks the activity of
said system, and/or

= an internal or external force field, by means of an electric or magnetic field and/or
potential that blocks the cell-free enzymatic reaction system.
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[0041] Until now similar systems and methods for producing microarrays were limited by
membrane layers between template and capture surfaces. It was surprising that assembly of
the template and capture layers could be achieved without needing to induce/initiate the cell-
free enzymatic and/or chemical reaction system. The addition of removable restrictive means
to the method as described above allows assembly to reliably occur without risk of damage to
the components or immediate initiation of microarray production, which is for example a
significant disadvantage when selling ready-made kits or devices comprising already installed
template and capture surfaces. Such ready-made kits with installed template and/or capture
surfaces are furthermore subject matter of the invention.

[0042] In the method of the present invention the spatial separation between the support
surfaces is the microfluidic incubation chamber (microfluidic gap) formed between opposing
separated first and second support surfaces.

[0043] In the method of the present invention the microfluidic incubation chamber does not
comprise of a membrane positioned between the first and second support surfaces.

[0044] It was at the date of filing unknown that molecular microarrays could be produced via
production and transfer of an output molecule, such as protein, DNA or RNA, from a template
surface to a capture microarray surface without the assistance of a membrane layer positioned
between the two surfaces. The use of a microfluidic gap or incubation chamber between the
template and capture surfaces was thought previously to be unsuited for the precise molecular
transfer described herein. It was therefore surprising, that the transfer of output molecule can
occur reliably in a small volume of fluid without the need for membrane support.

[0045] The term microfluidic refers to fluids distributed in small dimensions, such as sub-
millimeter scale, as small as a few nanometers, to hundreds or nanometers, to a few
micrometers or hundreds of micrometers. The resulting volumes of liquid are very small,
typically dealing in microliters, nanoliters, picoliters or femtoliters, and allow very sparing use of
enzymatic reagents in producing molecular arrays.

[0046] In a preferred embodiment the method of the present invention is characterised in that
removal of the restrictive means occurs by introduction of cell-free enzymatic and/or chemical
reaction system into the microfluidic incubation chamber, thereby inducing production of said
output molecule and enabling transfer of said output molecule to said second support surface.

[0047] In a preferred embodiment the method of the present invention is characterised in that
the first support surface and second support surface are held in a fixed position, opposing one
another, preferably via a mechanical tension or spring system, before initiation of the
production of said output molecule via a cell-free enzymatic and/or chemical reaction system
according to step b) of claim 1.

[0048] The previous embodiment clarifies the substantial difference between the present
invention and prior methods, such as DAPA, in which positioning of the support surfaces was
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impossible without method initiation.

[0049] In one embodiment the method of the present invention is characterised in that the
method can be repeated using a single first support surface multiple times for production of
multiple microarrays.

[0050] The removal of the membrane feature and replacement with the microfluidic system
has enabled single template surfaces, preferably with DNA libraries spotted on their surface, to
be used multiple times for the production of molecular arrays. Although this seems a minor
improvement, the avoidance of having to regenerate DNA arrays as templates saves
enormous costs and effort, especially in regard to large-scale projects where protein-protein
binding assays or other molecular interactions studies with hundreds or thousands of arrays
need to be processed. The present method therefore enables an enormous saving of cost and
provides greater reproducibility for high-throughput approaches.

[0051] In one embodiment the method of the present invention is characterised in that the
removable restrictive means relate to chemical blocking agents present on the first and/or
second support surfaces, that block the cell-free enzymatic and/or chemical reaction system
and/or block binding of the output molecule to the second support surface, which can be
modified and/or removed as required to initiate the method, or depletion or restriction of
essential chemical compounds for the cell-free enzymatic reaction system.

[0052] In one embodiment the method of the present invention is characterised in that the
blocking of the cell-free enzymatic and/or chemical reaction system relates to use of light
cleavable chemical substituents attached to essential -OH groups of reaction components,
whereby treatment with light releases the reaction component and enables reaction initiation,
or binding and/or capture of essential reaction components to either the first or second
surface, such as ATP, essential salts or coenzymes such as vitamins or metal ions, so that
reaction initiation occurs only upon filling or an external impulse.

[0053] In one embodiment the method of the present invention is characterised in that the
initiation of step b) relates to molecular switching of molecules from active to inactive state, or
from inactive to active state, by

¢ pH-change, inducing a functional change in pH-sensitive molecules, for example through
light treatment of a surface coated with titanium dioxide leading to generation of H+ ions
and subsequent pH change,

e change in static and/or dynamic electrical and/or magnetic fields, inducing a change in
charged, dielectric or magnetic molecules or surface properties,

« change in temperature, inducing a change of the molecular structure or dynamics, such
as reduced temperature leading to inactivity of a DNA or RNA polymerase, whereby
upon warming reaction initiation occurs,

« illumination, inducing a change of blocked, photo-sensitive or caged molecules by light-
induced reactions, such as use of light cleavable chemical substituents attached to
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essential reaction components, whereby treatment with light releases the reaction
component and enables reaction initiation, and/or release of caged compounds, such as
light induced release of caged biotin or other molecules,

¢ or a combination thereof.

[0054] In one embodiment the method of the present invention is characterised in that the
template molecule is a nucleic acid or nucleic acid-like molecule, such as DNA, RNA, genomic
DNA, cloned DNA fragments, plasmid DNA, cDNA or cDNA libraries, PCR products, synthetic
DNA or DNA oligonucleotides, mRNA or synthetic RNA.

[0055] In one embodiment the method of the present invention is characterised in that the cell-
free enzymatic reaction system is

a DNA-polymerase or a DNA-amplificating enzyme or enzyme system,

a RNA-polymerase or a RNA-amplificating enzyme or enzyme system,

a reverse transcriptase or a RNA-to-DNA trancribing enzyme or enzyme system,

« a protein synthesizing system or a cell free expression mix, such as an enzyme mix
required for transcription of DNA to RNA and translation of RNA to protein, such as cell-
free lysate selected from a prokaryotic or eukaryotic system, such as E. coli, bacterial
origin, rabbit reticulocyte, insect origin, human and wheatgerm.

[0056] In one embodiment the method of the present invention is characterised in that the cell-
free enzymatic reaction system is a DNA-polymerase, the output molecules are DNA and a
DNA microarray is generated on the second support surface.

[0057] In one embodiment the method of the present invention is characterised in that the cell-
free enzymatic reaction system is an RNA-polymerase, the output molecules are RNA and a
RNA microarray is generated on the second support surface.

[0058] In one embodiment the method of the present invention is characterised in that the cell-
free enzymatic reaction system is a reverse transcriptase, the output molecules are DNA and a
DNA microarray is generated on the second support surface.

[0059] In one embodiment the method of the present invention is characterised in that the cell-
free enzymatic reaction system is a protein synthesizing system or a cell free expression mix,
such as an enzyme mix required for transcription of DNA to RNA and translation of RNA to
protein, the output molecules are protein and a protein microarray is generated on the second
support surface.

[0060] The invention further relates to a device for the production of a molecular microarray,
preferably for carrying out the method according to any one of the preceding claims,
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comprising

1.a) a first support surface (template surface) that exhibits one or more template
molecules immobilised on its surface,

2. b) a second support surface (capture or microarray surface) assembled with said first
support surface, wherein said second support surface is pre-coated with an
immobilisation agent configured to covalently or non-covalently attach the output
molecule to the surface,

3. ¢) whereby a microfluidic incubation chamber (microfluidic gap) is formed between
physically separated and opposing first and second support surfaces for a cell-free
enzymatic and/or chemical reaction system, thereby decoupling assembly of the support
surfaces from initiation of cell-free enzymatic and/or chemical reaction system,

4. d) a fluid inlet and/or outlet into the incubation chamber,

5. e) means for holding the two opposing support surfaces in a fixed position, and

6. f) a microfluidic structured spacer between the first and second support surfaces for
maintaining the incubation chamber as a space between the two opposing support
surfaces;
wherein the microfluidic incubation chamber does not comprise of a membrane
positioned between the first and second support surfaces.

[0061] The device of the present invention exhibits all those inventive features of the above
described method that provide a novel and inventive development over the prior art. The
device allows the decoupling of assembly and initiation of the cell-free enzymatic and/or
chemical reaction system via the microfluidic chamber formed between the template and
capture surfaces. The surfaces are held in physical separation, so that upon filling with reaction
components the initiation of the method is enabled. The construction of such a device is a
surprising development in the prior art, considering that microfluidics were not considered
appropriate to provide sufficient resolution for the output molecule transfer, It was surprising,
that for example protein production from a DNA template lead to comparable if not improved
transfer with the device of the present invention in comparison to the DAPA system using a
membrane. The device disclosed herein also lead to a significant reduction in time for the
transfer, with comparable, if not improved, accuracy and resolution of protein production and
transfer in the microfluidic chamber.

[0062] In one embodiment the device of the present invention is characterised in that the
microfluidic structured spacer for maintaining the incubation chamber as a space between the
two opposing support surfaces is one or more three-dimensionally structured (3D) flow cells,
preferably of synthetic polymers, such as thin film polymer materials or Polydimethylsiloxane
(PDMS). The term synthetic polymer refers to any synthetic polymer or other material that
could be applied or is suitable for construction of flow cells.

[0063] In one embodiment the device of the present invention is characterised in that the fluid
inlet and/or outlet is suitable for the cell-free enzymatic and/or chemical reaction system to be
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pumped or pipetted into and/or out of the incubation chamber.

[0064] In one embodiment the device of the present invention is characterised in that the
template molecule is any of the molecules selected from a nucleic acid or nucleic acid-like
molecule, such as DNA, RNA, genomic DNA, cloned DNA fragments, plasmid DNA, cDNA or
cDNA libraries, PCR products, synthetic DNA or DNA oligonucleotides, mRNA or synthetic
RNA.

[0065] In one embodiment the device of the present invention is characterised in that the
spatial separation between the support surfaces is less than 100 micrometer in height,
preferably less than 80 micrometer, such as 65 micrometer, preferably less than 60
micrometer, or more preferably less than 40 micrometer, such as 20 micrometer and less.

[0066] In one embodiment the device of the present invention is characterised in that said first
and second support surfaces are glass, plastic, nylon or other type of natural or synthetic
polymer or membrane, for example Polydimethylsiloxane (PDMS).

[0067] In one embodiment the device of the present invention is characterised in that the first
and/or second support surface is a standard glass slide(s) suitable for use in microscopy, such

as with dimensions of 76 x 26 x 1 mm?. Small deviations in these dimensions also fall within the
scope of the invention, as common knowledge for one skilled in the art.

[0068] In one embodiment the device of the present invention is characterised in that the
device is of handheld size, preferably of 60-140 mm, 80-120 mm or more preferably of 105
mm in length, and preferably of 30-90 mm, 40-80 mm, or more preferably of 60 mm in width.

[0069] In one embodiment the device of the present invention is characterised in that the
means for holding the two opposing support surfaces in a fixed position relate to mounting
brackets (holders), positioned either as upper, lower, or side brackets, positioned in relation to
the two support surfaces.

[0070] In one embodiment the device of the present invention is characterised in that either
the support surfaces or the mounting brackets (holders) are held in place by mechanical
tension, magnetism, a spring system, guiding rails for the surfaces thereby holding the two
support surfaces in a fixed position.

[0071] In the device of the present invention said second support surface is pre-coated with an
immobilisation agent configured to covalently or non-covalently attach the output molecule to
the surface.

[0072] In one embodiment the device of the present invention is characterised in that the
immobilisation agent is a protein immobilisation agent, such as an antibody, configured to
covalently or non-covalently attach to the expressed protein, a polyhistidine sequence such as
hexahistidine, whereby said protein immobilisation agent is a chelating agent such as Ni-NTA,
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a peptide, domain or protein, whereby said protein immobilisation agent is an antibody specific
to said tag and/or a biotin-binding molecule, such as avidin.

[0073] In one embodiment the device of the present invention is characterised in that the first
support surface is

= a microarray of nucleic acids or nucleic acid-like molecules,

« a sequencing chip exhibiting nucleic acids,

a spatially defined distribution of nucleic acids on a surface,

a spatially defined distribution of nucleic acids on a bead array or a structured surface,
a spatially defined distribution of liquid or solid material containing nucleic acids.

[0074] Disclosed herein, but not part of the presently claimed invention, is also a system for
the production of a molecular microarray, comprising

1.a) a first support surface (template surface) that exhibits one or more template
molecules immobilised on its surface,

2. b) a second support surface (capture or microarray surface) assembled with said first
support surface, whereby a microfluidic incubation chamber (microfluidic gap) is formed
between physically separated and opposing first (template) and second (capture or
microarray) support surfaces,

3. ¢) a fluid inlet and/or outlet into the incubation chamber,

4. d) means for holding the two opposing support surfaces in a fixed position, and

5. e) means for maintaining the incubation chamber as a space between the two opposing
support surfaces, whereby

6.f) a microarray is formed by production of an output molecule from the template
molecule and transfer of said output molecule to the surface of the second support
surface (capture or microarray surface) after introduction of cell-free enzymatic and/or
chemical reaction system into the microfluidic incubation chamber, thereby inducing
production and transfer of said output molecule to said second support surface.

DETAILED DESCRIPTION OF THE INVENTON

[0075] The device and method as described herein remove several of the disadvantages of
the state of the art and are capable of being used preferably for the manufacture of DNA, RNA
and protein arrays.

[0076] The invention represents an improvement of the "DAPA-system” (DNA array to protein
array system) for generating protein array copies from a DNA-microarray original [1]. The
invention allows in the same manner to copy an original DNA array into a duplicate DNA array
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(by using a DNA-polymerase or any other DNA-replication or amplification enzyme), into an
RNA array (by using RNA-polymerase) or into a protein array (by using a similar enzymatic
system to the DAPA system). The invention enables the copying of original RNA arrays into
DNA arrays (by using Reverse Transcriptase) or into protein arrays (by using a similar
enzymatic system to the DAPA system).

[0077] The invention relates in particular to the provision of a unique structure and layout of
the device and a novel process. Firstly, the first support surfaces, containing the original
microarray, and the second surface, that subsequently "captures” the copy, are separated by a
thin so-called microfluidic gap. This microfluidic gap contains preferably air before initiation of
the method, which prevents the start of the reaction, and upon filling with an amplification mix
the method is initiated. As such this layout bears two advantages over the state of the art.
Firstly, there is no physical contact between surfaces, which prevents mechanical stress or
abrasion. Secondly, it allows the assembly of the device without starting the reaction. As such
the assembly and the reaction start are decoupled, which allows more detailed process
guidance, for example parallel reactions can be simultaneously started with more ease than
according to the methods and devices of the prior art.

[0078] Depending on different layouts the first support surface (template surface, DNA
microarray) and/or the second support surface (capture or microarray surface, protein
microarray copy) could also contain a microstructure to either produce the microfluidic gap
itself (completely or partially or assisting it) or a spacer could be laid between the primary and
the secondary surface to produce the microfluidic gap. Such a structure on one surface or a
spacer will allow the application of at least one microarray in the format of a standard
microscope slide.

[0079] In addition the microfluidic structures may exhibit contact in highly defined positions on
the DNA array as well as on the capture surface and define as such micro-cavities restricting
the diffusion in a defined way. With such microfluidic guidance the diffusion of the output
molecules can also be guided and the creation of more highly defined, smaller and sharper
structures compared to the DAPA system can be realized.

[0080] A further advantage of the present invention compared to those known in the art, such
as DAPA, is the reduction in the amount and/or volume of cell-free enzymatic and/or chemical
reaction system required to carry out the method. Soaking a membrane with cell-free
enzymatic reaction mix (as in DAPA) requires large volumes of said mix and is therefore cost
intensive. The small volumes of the reaction chamber of the device of the present invention
enables a significant reduction in the amount of disposable reaction mix required and therefore
leads to significant cost reduction.

FIGURES

[0081] The figures show various applications of the method and device of the present
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invention.

[0082] In the preferred layout the assembly is realized by clamping the spacer between the
arrays (first and second surfaces).

[0083] Depending on the enzymatic system filled into the microfluidic gap it is possible to
generate DNA- or RNA-microarrays instead of protein-microarrays. With a corresponding
enzymatic system like a nucleic acid polymerase it is possible to generate DNA or RNA derived
from the nucleic acids on the primary array.

Fig. 1: Layout for DAPA, Design 1 and Design 2 of the present invention (side view and top
view), showing various positions of the inlet and/or outlet in relation to the spacer and support
surfaces.

Fig. 2: Design 1 for a handheld device (perspective view), including upper, lower and side
mounting brackets (holders), in addition to a spacer between the first support surface and the
second support surface.

Fig. 3: Design 2 for a handheld device (perspective view), including mounting brackets with
screw elements.

Fig. 4: Prototype 1 (side view and top view) showing closure/sealing elements, filling occurs
through one surface.

Fig. 5: Prototype 2 (side view, top view and perspective view), illustrating the construction and
assembly of the support surfaces, spacer, chamber, inlet and/or outlet, whereby filling occurs
through the side, between the surfaces.

Fig. 6. Prototype 3 (side view), with Peltier-Element and viewing window; analogous to
prototype 1, but compatible to an automated filling station or a holding cartridge.

Fig. 7: Prototype 4 (side view and perspective view), showing a construction incorporating an
integrated microstructure (as a combination of 1 and 4 (first support surface and spacer)), built
of PDMS, whereby the DNA-array is shown and the device comprises a strengthened carrier of
synthetic (plastic) material and a raised edge for sealing (sealing edge or border, which can
also be attached via adhesive) of the device.

Fig. 8: Prototype 5 (side view and perspective view), showing an alternative arrangement of
the inlet and/or outlet elements, in addition to insert frames, characterised by a microfluidic
structured spacer.

Fig. 9: Further designs of fluidic chambers (top view), showing alternative inelt and/or outlet
arrangements, PDMS support, multiple-branched fluidic channels for homogenous and quick
filling.

Fig. 10: Perspective view of a flow cell construction according to the device of the present
invention, demonstrating a hinge construction for fixing of two support surfaces with
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microfluidic chamber, including a supply line for the inlet/outlet.

Fig. 11: Perspective and top view of a clamping construction used to fix the two support
surfaces in a reliable and stable construction, and to seal the microfluidic chamber. A screw
(mechanical tension) system is shown for assembly of upper, lower and side mounting
brackets (holders), in addition to screw elements, whereby the integrated flow cell with supply
line is also shown.

Fig. 12: Casting station equipment, (a) Wafer with TMMF micro-structuring; (b) wafer placed in
centrifugal casting frame, (c) separated cast.

Fig. 13: Production of template nucleic acid for the first support surface, (a) Expression-ready
DNA with the linear template kit from Qiagen; adapter primers with promoter sequences, RBS,
start-/stop-codons and tags with overlapping sequences to the coding sequence are
designated. (b) Gel-electrophoresis results from various expression-ready amplified DNA
sequences. Lines 1, 9 and 16 show a ladder, lines 2, 3 and 4 represent negative controls, lines
5, 2, 8 and 10- 14 represent various amplified coding sequences to be used as template DNA
in a production of protein for the microarray.

Fig. 14: Protein Arrays; Protein microarrays constructed from erDNA templates on PDMS flow
cells (a - d) and epoxy glass slide (e + f), spotted via a gesim plotter, a handheld device (a - d)
respectively in the original DAPA system (e + f). The cell-free expression was allowed to occur
and subsequently the protein slides were labelled with Cy3 and Cy5 marked antibodies. The
incubation times were as described in the text, at 37 ° C.

Legend for Figures:

[0084]

1
First support surface (template surface, carries one or more template molecules, such
as nucleic acid)

2
Spatial separation between the first support surface and the second support surface,
which preferably contains the cell-free enzymatic and/or chemical reaction system)
2a
Membrane in DPA system
2b
(Micro)fluidic incubation chamber (microfluidic gap)
3

Second support surface (capture or microarray surface), upon which the generated
molecules are arrayed
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Spacer between the first support surface and the second support surface, preventing
direct physical contact of the two surfaces, which is laid between 1 and 3 or is integrated

therein

Fluid inlet and/or outlet for filling, emptying and/or removing air

Microfluidic structures with micro-channels for fluid

Upper mounting bracket (holder)

Lower mounting bracket (holder)

Side mounting bracket (holder)

Closure for sealing and/or fastening

Screw element

Peltier-Element

Integrated microstructure as a combination of 1 and 4

Supply line

PDMS

Detection window

Clamp mounting (clamp holder) for fixing and/or locking the construction

Opening (drilled hole) with connecting hose

DNA-array

strengthened carrier of synthetic (plastic) material

raised edge for sealing (sealing edge or border)

Insert frames for sealing the surface

Support in PDMS to reduce risk of collapse of elastic PDMS

multiple-branched fluidic channels for homogenous and quick filling
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Hinge
26

Mounting brackets
27

Means for inducing tension for sealing
EXAMPLES

Application examples for DNA-to-protein copies

[0085] Prototypes have been constructed, which use instead of a membrane a microfluidic
gap. This microfluidic gap can be filled with liquid via capillary forces. A 65 um thick spacer
enables in prototype 1 (Design 1) and 2 (Design 2), Fig. 1 to 5 a defined distance between the
first and second surface and a fluidic guidance of the cell free expression system whilst filling it
in. This handheld device allows an easy and fast assembly and immobilized two microscope
slides upon each other. After complete assembly the cell free expression mix can be injected
via an orifice in a surface (Prototype 1) (Design 1) or at a small opening on the side of the
spacer (Prototype 2) (Design 2). In comparison to the DAPA system and the laying of the
membrane onto the surfaces, this realized handheld allows a defined reaction start, especially
in respect to time of reaction start, as well as exact concentrations and volumes, which could
not easily be determined within the membrane itself. The reaction of protein replication as such
does not start (as in the DAPA-systems) at assembly. It starts only if the cell free mix is
injected. After the injection of the cell free mix the hand-held device is placed for 25 to 45
minutes in an incubator. Due to the devices' small weight and therefore low thermal capacity it
reaches the desired reaction temperatures very quickly. After the incubation time the
microarray surfaces are split from each other and the arrays are washed. Positive results have
been achieved, showing comparable and in many cases improved arrays compared to DAPA
arrays.

[0086] Prototype 3, Fig. 6, is a more complex cartridge, which can be integrated into a fluid-
channeling device. It allows the thermal control of the fluid by a Peltier-element from one side.
This allows the adjustment of any desired temperature or temperature profile. Additionally the
side where the array (protein array) is generated is optically free, which means that it would be
possible to monitor the protein-synthesis directly. The connected prototype can be filled via
syringe pump, but also be emptied or washed.

[0087] Prototype 4, Fig. 7, is made from plastic like PDMS and is a structure onto which the
DNA-microarray is spotted. The structure is framed by a thin (some tenths of micrometer high)
frame, which encircles the whole reaction volume. It contains also the inlet and outlet lines for
bringing the liquids in and out. The second surface (protein-microarray) is a microscope glass
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slide. By simple "clamping" onto the glass slide, the PDMS forms a microfluidic gap with this
surface. Via the inlets and outlets the whole construct could be filled with liquid. Simple clamps
fasten the arrays onto each other for the time of the reaction.

[0088] An identical, analogous layout could also be realized on the side of the second surface
(protein-microarray). For this layout the PDMS has to be coated with a "protein-catcher-
system" which could be preferably Nickel-NTA. The first surface (DNA microarray) will be a
planar microscope slide.

[0089] Prototype 5, Fig. 8, is a PDMS structure, in which the second surface (protein
microarray) as well as the first surface (DNA-microarray) is slid in via drawer-like mechanics.
The PDMS and both glasses form together the microfluidic gap. This prototype is favorable
due to the fact that the inlets and outlets are realized within the PDMS (leading to less chance
of leakage) and both surfaces, the first (DNA-) and the second surface (protein-microarray) are
realized in a standard microscope glass manner (no need of any special structured DNA-
and/or protein-micorarray surfaces and therefore higher acceptance of the users in the
laboratory).

[0090] Fig. 9 shows how the microfluidic could be realized with different layouts of the spacers.
The spacer realizing the microfluidic gap brings in the additional advantages:

The first (DNA-) and second surface (protein-microarray) are separated by a microfluidic gap.
There is no physical "hard" contact between the first and second surfaces, which prohibits
mechanical stress, abrasion and scratches. This ensures a prolonged lifetime of the DNA-
microarray and raises the quality of the protein-microarray copies.

[0091] The assembly of the device and the reaction start are decoupled. This allows an
assembly at any time and a reaction start to any other later time point, which means a precise
control of the reaction. These advantages in handling and process guidance (decoupling of
assembly and reaction start) enable better more reproducible reaction conditions as well as
on-demand reaction start. The easier assembly (compared to the DAPA system) can be
realized by:

A microstructure in the first surface (DNA-Array),
a microstructure in the second surface (Protein-Array)

or a micro-structured spacer, which is laid between both surfaces (preferred application layout,
and mandatory feature of the claimed device).

[0092] In case of the spacer, both surfaces can be realized in the format of a standard
microscope slide and no additional sealing is needed. This is due to the fact that the spacer
itself can be realized as sealing as soon as the surfaces are placed. This simple assembly
allows a fast processing time. As such the time for the whole handling process from taking the
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DNA-microarray till getting the protein-microarray out was reduced from approx. 3 hours in the
DAPA system to approx. 30 min with the handheld device of the present invention. This is a
significant reduction of cycle time.

[0093] Advantages of the device and methods are: Replacement of the troublesome
membrane by a microfluidic gap under retention of full functionality, protein-generation,
respectively RNA-generation, respectively DNA-generation, and transfer of these molecules to
the secondary surface, especially the transfer of proteins from the first DNA-microarray onto
the second protein-microarray, decoupling of the assembly of the device and the reaction start.

[0094] The following disadvantages of the state of the art methods have been circumvented:
Difficult handling of the soaked and thin membranes, buckling and air bubbles by laying the
membrane onto a surface, direct reaction start at conformal contact between membrane and
DNA-microarray, physical abrasion of the DNA-microarray due to mechanical contact between
the DNA-microarray and the membrane.

Application examples for DNA-to-DNA copies

[0095] As used for the DNA-to-protein copying a corresponding setup can be realized for the
DNA-to-DNA copy. Here the primary surface contains e.g. DNA with a known start and end
sequence. The secondary surface will be homogeneously coated (or with specific structures)
with primers identical start sequence of the DNA from the primary surface.

[0096] By filling in a DNA amplification mix like a DNA Polymerase with primers fitting to the
known end of the DNA each DNA strand will be amplified into cDNA, as in [15]. By heating the
system this cDNA will be released and will diffuse away from the spot of the primary array. By
cooling the system the released cDNA will either stick back to the initial spot or will interact with
the primers of the secondary surface. There the Polymerase will amplify the cDNA onto the
primer of the secondary surface and will generate a covalently bound ccDNA, and as such an
identical replicate of the initial DNA. Therefore a positive DNA-microarray copy of the primary
DNA-microarray is made on the secondary surface.

[0097] Again, like in the DNA-to-protein copy, the microfluidic gap could be realized on the first
and/or the second surface and/or a spacer which is positioned between both surfaces. All
advantages from the DNA-to-protein copy apply here also. Additionally this layout allows that
from a DNA-microarray a positive copy can be realized.

[0098] By selection of different primers on the second surface or in the enzymatic mix it is
possible to generate a negative copy as well. This could be realized by exchange the surface
primer on the second surface by the ending sequence and add only a small amount of end
primer into solution, whilst the initial primer is added in larger amounts.

Application examples for other copies
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[0099] Depending on the used enzyme mix different copies can be realized:

DNA-to-DNA copy with any DNA amplification mix e.g. Recombinase-Polymerase-Amplification
(RPA), isothermal DNA amplification systems or NASBA; RNA-to-DNA copy by reverse
transcriptase followed by a ligation step to the secondary surface; DNA-to-RNA copy with any
RNA amplification like e.g. RNA Polymerase.

Detailed Experimental description of DNA-to-protein copies

[0100] The experimental examples provided herein related to the realization of a simple
handheld device for the production of molecular microarrays from DNA microarrays, preferably
the production of protein microarrays. Standard glass slides of 76 x 26 x 1 mm (respectively 75
x 25 x 1 mm, or other similar dimensions) are used as a carrier slide for DNA and protein
microarrays. In one embodiment, the device for manufacturing a micro array comprises a
hydrophobic spacer of approximately 40 micrometer thickness. This spacer comprises
additionally of a microfluidic input and output and functions as an incubation chamber of very
low height and volume. A finally tuned mechanical tension system additionally enables the
quick exchange of slides used for the micro array, in addition to fixing the slides with reliable
positioning. The incubation chamber can be manually filled via pipette or by commonly used
pumping devices, whereby an enzyme mixture of cell free protein expression system is filled
into the incubation chamber. Through this method protein microarrays can be manufactured in
an uncomplicated quick and cost efficient method from DNA microarrays. Such protein
microarrays particularly used for various kinds of protein analysis, for example protein-protein
or protein-molecular interactions.

[0101] Protein microarray technology lags somewhat behind the technology established for
DNA microarrays. One of the present problems in protein microarray production is the
generation of full length proteins via recombinant expression, subsequent purification of
recombinant protein and spotting upon the slide. As alternatives, various methods of chemical
in-situ synthesis of peptides are available, however such methods are applicable primarily for
short peptides and do not represent a realistic option for the production of full length protein
microarrays.

[0102] The present experimental examples demonstrate the synthesis of full length protein
microarrays from DNA microarrays via a robust microfluidic handheld device. In one
embodiment, simple prototypes have been produced, which are demonstrated in figures 1 a)
and 1 b). The prototypes presented in the figures represent an improvement over the DAPA
system known in the art. The bubble free filling of the incubation chamber, in addition to a tight
seal of the chamber as well as providing a very low volume incubation chamber in order to
minimize the lateral diffusion of a protein, has been further developed and is shown in the
further examples.
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Generation of the DNA templates

[0103] In order to generate expression-ready DNA templates (erDNA) from any given
nucleotide sequence, the linear template kit (LTK) from Qiagen has been applied. In a first
PCR reaction (Polymerase Chain Reaction) primers constructed in house that exhibit
overlapping regions of approximately twenty nucleotides to the coding DNA template, together
with an adapter primer and detection sequence (for example Tags), are added to the original
DNA strand via amplification. A second PCR reaction uses the product of the first PCR reaction
as a template and extends the DNA product by means of the adapter primer (preferably also
with added Tags such as His- or Strep-Tags, and sequences, which serve to allow binding of
an RNA polymerase (T7 promoter) and a ribosome start side (RBS), in addition to a stop
codon). With this kit DNA templates have been expression-ready amplified and the results are
shown via a gel-electrophoresis experiment (Figure 13). Sequence analysis of the PCR
products confirms the desired results. These experiments demonstrate that via the LTK kit
from Qiagen the DNA templates are extended with Tag sequences and are produced as
expression-ready amplified cassettes.

Optimization of the handheld device

[0104] One of the embodiments of the invention relates to a microfluidic flow cell of very low
volume and low height, which is based on use of a self-adhesive laser-cut polyester foil of
approximately 100 micrometer thickness, which is attached via adhesive and is subsequently
covered with another slide or cover slip. This particular form of the invention functions well, but
also exhibits some other minor disadvantages. For example, the self-adhesive foil is
suboptimal for incubation with the DNA templates, the foils are only available in certain
thicknesses, the foils do not exhibit constant thicknesses, a three dimensional structure of the
flow cell does not allow bubble free filling and the input and output require providing access
through the slide, which can be difficult with glass, or through the side of the construction,
which can be difficult to seal.

[0105] In order to overcome these minor disadvantages we have produced two further
embodiments of the handheld device. The results of the two further devices offer improved
filling of the device, absolutely reliable sealing and a simple usability. One of the variants uses

exclusively the standard glass slides (76 x 25 x 1 mm3) made of glass as a carrier structure,
whereby the other embodiment is based on a three dimensional structured flow cell
constructed from PDMS, in which the incubation chamber of the DNA array is immobilized.

Handheld device with structured PDMS flow cell
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[0106] This embodiment comprises of a micro-structured PDMS slide (Figure 7), which is
functionalized for the immobilization of the DNA template molecules using PDITC. The PDMS
slide is covered using a slide which is coated in Ni-NTA. The filling and/or emptying of the
incubation chamber occurs via an opening in the PDMS slide. The master for the PDMS slides
is milled to form the correct shape. A manual flow station allows the filling and emptying of the
PDMS slides (Figure 12).

[0107] To improve the bubble free filling and the seal ability the previously described structures
were produced with a dry-film photo resist (TMMF, 30 / 45 micrometer thickness) or liquid
lacquer SU-8 via photolithographic methods (Figure 12a) e.g. spin-coating. The structured
wafer was placed in a centrifugal pouring mould for pouring the PDMS slides (Figure 12c).

Hand held device for two standard glass slides

[0108] The device according to this embodiment is intended for use with two standard glass
slides for both microarrays. The filing of the incubation chamber occurs via a microfluidic
channel, which is formed in a spacer with hydrophobic and elastic sealing surfaces. The spacer
is made of a Teflon coated (typically 500 nm - 15 micrometers) stainless steal plate of 25
micrometers thickness (an alternative is the direct use of a 30-80 micrometer thick Teflon foil).
The slide needs to be pushed with strong force against the hydrophobic spacer, in order to
produce a reliable seal. A device for fast substitution of the slides allows the quick and easy
exchange of the various slides.

Cell-free protein expression of protein arrays

[0109] In order to evaluate the two cell-free eukaryotic expression systems EasyXPress
(Qiagen) and RTS100 (5Prime) were used with the handheld device of a PDMS flow cell
(incubation chamber of approximately 60 micrometers height, 2 x 8 mm (figure 6 a and b) / 2 x
5 mm (figure 6 ¢ + d) and the original DAPA system with a membrane (figure 6 e + f). Two
erDNA templates were spotted with a Gesim plotter in the PDMS flow cell and upon an epoxy
coated glass slide and a subsequently expressed for 90/180 minutes (RTS100) respectively
40/90 minutes (EasyXpress). Afterwards the slides were labelled with anti Cy3-/Cy5 labelled
antibodies.

Summary of experimental examples

[0110] The generation of erDNA using the LTK from Qiagen has been evaluated and
demonstrates that any given DNA template may be amplified with a known primer sequence.
The two examined cell-free expression systems EasyXpress and RTS100 also demonstrated
positive results. The developed handheld devices and their processes of manufacture have
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been tested and shown to provide beneficial results, demonstrating production time of protein
arrays in some cases of 15-20 minutes. With a further reduction in chamber height a reduction
in production time is to be expected.
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Patentkrav

1. Fremgangsmade til fremstilling af et molekylert mikroarray,
der omfatter

a) tilvejebringelse af en forste stetteflade (template-plade),
som har et eller flere template-molekyler, der er immobiliseret
pa sin flade, og en modsat anden stotteflade (capture- eller
mikroarray-flade),

b) fremstilling af et udgangsmolekyle fra template-molekylet ved
hjelp aft et cellefrit enzymatisk og/eller kemisk
reaktionssystem,

c) overfgrsel af udgangsmolekylet til en anden stotteflade wved
hjelp af fluid mellem den feorste og anden steotteflade, med en
korrelation mellem placeringen af template-molekylerne pa den
feorste stotteflade og aflejringen af de tilsvarende
udgangsmolekyler pa den anden stotteflade,

kendetegnet wved, at

d) samling af stettefladerne i en fast position i1 form af et
mikrofluidisk inkubationskammer, der er dannet mellem
modstaende, adskilte forste og anden stetteflader, finder sted
for pabegyndelsen af trin b), hvorved pabegyndelsen af trin b)
forhindres ved fravaret eller inaktiviteten af et cellefrit
enzymatisk og/eller kemisk reaktionssystem mellem
stottefladerne, hvor introduktion eller aktivering af det
cellefrie enzymatiske og/eller kemiske reaktionssystem 1 det
mikrofluidiske inkubationskammer inducerer fremstilling af
udgangsmolekylet og muligger overforsel af udgangsmolekylet til
den anden stegtteflade, hvor det mikrofluidiske inkubationskammer
ikke indbefatter en membran, der er placeret mellem de forste

og anden stgtteflader.

2. Fremgangsmade ifglge krav 1, kendetegnet ved, at
pabegyndelsen af trin b) forhindres af

- en rumlig adskillelse mellem den forste stotteflade og den
anden stotteflade, der indeholder luft for pabegyndelsen af trin
b), hvorved direkte fysisk kontakt mellem de to flader

forhindres,
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- en kemisk eller energisk omgivelse, der blokerer det cellefrie
enzymatiske og/eller kemiske reaktionssystem, sasom pH-verdi
og/eller temperatur, som begranser eller blokerer aktiviteten i
systemet, eller

- et indre eller ydre kraftfelt, ved hjalp af et elektrisk eller
magnetisk felt og/eller potentiale, som Dblokerer for det

cellefrie enzymatiske reaktionssystem.

3. Fremgangsmade ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at fremgangsmaden kan gentages ved
anvendelse af en enkelt forste steotteflade flere gange til

fremstilling af flere mikroarrays.

4, Fremgangsmade ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at pabegyndelsen af trin b) vedrerer en
molekylar omstilling af molekyler fra en inaktiv til en aktiwv
tilstand

- pH-&ndring, der inducerer en funktionel &ndring i pH-feolsomme
molekyler, for eksempel gennem lysbehandling af en flade, der
er belagt med titaniumdioxid, hvilket fgrer til dannelse af H+
ioner og efterfglgende pH-zndring,

- &ndring 1 statiske og/eller dynamiske elektriske og/eller
magnetiske felter, som inducerer en @ndring 1 ladede,
dielektriske eller magnetiske molekyler eller fladeegenskaber,

- @ndring 1 temperatur, der inducerer en @ndring af
molekylstrukturen eller dynamikken, sasom reduceret temperatur,
der forer til inaktivitet af en DNA- eller RNA-polymerase,
hvorved der ved opvarmning opstar reaktionsinitiering,

- belysning, der inducerer en &ndring af blokerede, fotofewlsomme
eller indkapslede molekyler ved lysinducerede reaktioner, sasom
anvendelse af lysspaltelige kemiske substituenter, der er
knyttet til vasentlige reaktionskomponenter, hvorved behandling
med lys frigiver reaktionskomponenten og nuligger
reaktionsinitiering og/eller frigivelse at indesparrede
forbindelser, sasom 1lysinduceret frigivelse af indesparret
biotin eller andre molekyler,

- eller en kombination deraf.
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5. Fremgangsmade ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at template-molekylet er en nukleinsyre
eller et nukleinsyrelignende molekyle, sasom DNA, RNA, genomisk
DNA, klonede DNA-fragmenter, plasmid-DNA, cDNA- eller cDNA-
biblioteker, PCR-produkter, syntetisk DNA eller DNA-
oligonukleotider, mRNA eller syntetisk RNA.

6. Fremgangsmade ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at det cellefrie enzymatiske
reaktionssystem er

- en DNA-polymerase eller et DNA-amplificerende enzym eller
enzymsystemn,

- en RNA-polymerase eller et RNA-amplificerende enzym eller
enzymsystemn,

- en revers transkriptase eller et RNA-til-DNA- transkriberende
enzym eller enzymsystem,

- et proteinsyntetiseringssystem eller en cellefri
udtryksblanding, sasom en enzymblanding, der kraeves til
transkription af DNA til RNA og translation af RNA til protein,
sasom cellefrit lysat, der er valgt fra et prokaryotisk eller
eukaryotisk system, sasom E. coli, bakteriel oprindelse, kanin-

retikulocyt, insektoprindelse, menneske og hvedekim.

7. Anordning til fremstilling af et molekylert mikroarray
ifeglge fremgangsmaden ifglge et hvilket som helst af de
foregdende krav, der omfatter

a) en forste stotteflade (template-plade), som har et eller
flere template-molekyler immobiliseret pa sin flade, fortrinsvis
ifglge krav b,

b) en anden stgtteflade (capture- eller mikroarray-flade), der
er samlet med den forste stotteflade, hvor den anden stotteflade
er pracoatet med et immobiliseringsmiddel, der er konfigureret
til kovalent eller ikke-kovalent at binde udgangsmolekylet til
fladen,

c) hvorved et mikrofluidisk inkubationskammer er dannet mellem
fysisk adskilte og modstaende ferste og anden stetteflader for

et cellefrit enzymatisk og/eller kemisk reaktionssystem, hvorved
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samling af stettefladerne afkobles fra initiering af det
cellefrie enzymatiske og/eller kemiske reaktionssystem,

d) et fluidindleb og/eller -udlegb ind i inkubationskammeret,

e) midler til at holde de to modstaende stotteflader i en fast
position, og

f) et mikrofluidisk struktureret afstandsstykke mellem de forste
og anden stetteflader til at opretholde inkubationskammeret som
et mellemrum mellem de to modstaende stotteflader;

hvor det mikrofluidiske inkubationskammer ikke indbefatter en

membran, der er placeret mellem de forste og anden stgtteflader.

8. Anordning ifglge det foregaende krav, kendetegnet ved, at
a. det mikrofluidisk strukturerede afstandsstykke til at
opretholde inkubationskammeret som et mellemrum mellem de to
modstéaende stetteflader er en eller flere tredimensionelle
strukturerede (3D) flow-celler, der fortrinsvis er fremstillet
af syntetiske polymerer, sasom tyndfilmspolymermaterialer eller

polydimethylsiloxan (PDMS).

9. Anordning ifelge kravene 7 eller 8, kendetegnet ved, at

den rumlige adskillelse mellem stottefladerne er mindre end 100
mikrometer i hejden, fortrinsvis mindre end 80 mikrometer, sasom
65 mikrometer, fortrinsvis mindre end 60 mikrometer, eller mere
fortrinsvis mindre end 40 mikrometer, sasom 20 mikrometer og

mindre.

10. Anordning ifglge et hvilket som helst af kravene 7-9,
kendetegnet wved, at

den fegrste og anden steotteflader er glas, plast, nylon eller
anden type af naturlig eller syntetisk polymer eller membran,
for eksempel polydimethylsiloxan (PDMS), hvor den forste
og/eller anden stotteflade fortrinsvis er et eller flere
objektglas, der er velegnet til anvendelse i mikroskopi, sasom

med dimensioner pa 76 x 26 x 1 mm3.

11. Anordning ifelge et hvilket som helst af kravene 7-10,
kendetegnet wved, at
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anordningen har en handholdt sterrelse, fortrinsvis pa 60-140
mm, 80-120 mm eller mere fortrinsvis pa 105 mm i langde, og
fortrinsvis pa 30-90 mm, 40-80 mm eller mere fortrinsvis péa 60

mm 1 bredde.

12. Anordning ifelge et hvilket som helst af kravene 7-11,
kendetegnet wved, at

midlerne til at holde de to modstaende stotteflader i1 en fast
position vedrgrer monteringsbeslag (holdere), der er placeret
enten som @vre beslag, nedre beslag eller sidebeslag, der er
placeret i forhold til de to stetteflader, hvor enten
stottefladerne eller monteringsbeslagene (holderne) fortrinsvis
holdes pa& ©plads ved mekanisk sp&nding, magnetisme, et
fjedersystem, styreskinner til fladerne for derved at holde de

to stotteflader 1 en fast position.

13. Anordning ifelge et hvilket som helst af kravene 7-12,
kendetegnet wved, at

det immobiliserende middel er et proteinimmobiliserende middel,
sadsom et antistof, der er konfigureret til kovalent eller ikke-
kovalent at binde til det udtrykte protein, en polyhistidin
sekvens, sasom hexahistidin, hvorved
proteinimmobiliseringsmidlet er et chelateringsmiddel, séasom
Ni-NTA, en peptid, et domzne eller et protein, hvorved
proteinimmobiliseringsmidlet er et antistof, der er specifikt

for merket og/eller et biotin-bindende molekyle, sasom avidin.

14. Anordning ifelge et hvilket som helst af kravene 7-13,
kendetegnet wved, at

den feorste stotteflade er

- et mikroarray af nukleinsyrer eller nukleinsyrelignende
molekyler,

- en sekventeringschip, der indeholder nukleinsyrer,

- en rumligt defineret fordeling af nukleinsyrer pa en flade,

- en rumligt defineret fordeling af nukleinsyrer péa et
perlearray eller en struktureret flade,

- en rumligt defineret fordeling af flydende eller fast

materiale, der indeholder nukleinsyrer.
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Fig. 13
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