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(54) [Title of the invention] Cellular constituent material isolation chip and cellular constituent material analysis system, and cellular constituent

material analysis method using the same

(57) [Abstract]

[Problem] To provide a method, a chip device and a system
that make it possible to perform quantitative determination
of mRNA and protein localized between cells and within
cells without losing local spatial information.

[Solution] The contents of a cell are captured on a substrate
the
dimensionally. For this purpose, electrophoretic force is

or electrode with cell being projected two-
utilized, or the water content in the cell is instantaneously
evaporated to immobilize the cell. mRNA immobilized on
the two-dimensional plane is identified using a labeled
probe with a label that hybridizes with the mRNA.
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[Scope of patent claims]
[Claim 1]

A cellular constituent material analysis system characterized in that it comprises: a substrate structure with probes
immobilized on the substrate surface for capturing a predetermined biological material; a spatial structure that retains a
buffer solution containing a cell on the surface of the substrate structure provided with probes for capturing the biological
material; a mechanism for destroying the cell in the buffer solution retained in the spatial structure; a mechanism for
two-dimensionally projecting a predetermined biological material contained in the destroyed cell onto the substrate
surface; and a mechanism for distinguishing and detecting the biological material captured by the probes on the substrate
surface.

[Claim 2]

A cellular constituent material isolation chip for cellular constituent material analysis, characterized in that it
comprises: a substrate having compartmentalized areas divided into predetermined compartments; a means for placing
the areas of the substrate into communication with each other as needed; probes which are provided on the surface of
the areas of the substrate and are capable of capturing a cellular constituent material contained in the areas of the
substrate, and electrodes for applying an electric field from above and below the areas of the substrate.

[Claim 3]

A cellular constituent material isolation chip as set forth in claim 2, wherein the surface of the compartmentalized
areas is a polymer layer prepared by polymerizing two monomers, wherein the polymer layer has a structure wherein a
first monomer having a first functional group for polymerization at two locations and a second monomer having a second
functional group for polymerization at two locations are arranged in alternating fashion, and wherein one of either the
first monomer or the second monomer has a biological material capture residue.

[Claim 4]

A cellular constituent material isolation chip as set forth in claim 2, wherein the surface of the compartmentalized
areas is a polymer layer prepared by polymerizing two monomers, wherein the polymer layer has a structure wherein a
first monomer having a first functional group for polymerization at two locations and a second monomer having a second
functional group for polymerization at two locations are arranged in alternating fashion, and wherein the first monomer
and the second monomer each have a different biological material capture residue.

[Claim 5]

A cellular constituent material isolation chip as set forth in claim 3 or claim 4, wherein the polymer layer is formed
on an electrically conductive member surface provided on the substrate surface.
[Claim 6]

A biological material analysis system as set forth in claim 1, wherein the mechanism for two-dimensionally projecting
the predetermined biological material contained in the destroyed cell onto the substrate surface is a power source and
electrodes which sandwich and apply an electric field to the spatial structure that retains the buffer solution containing
the cell.

[Claim 7]

A biological material analysis system as set forth in claim 1, wherein the mechanism for destroying cells is a structure
capable of irradiating cells with ultraviolet light in a wavelength range of 320 nm to 400 nm.
[Claim 8]

A biological material analysis system as set forth in claim 1, wherein the mechanism for distinguishing and detecting
a biological material captured by the probes on the substrate surface is a measurement means for identifying nanoparticle
that label the labeled probes that hybridize to the biological material, wherein the nanoparticles are identified by size
and material.

[Claim 9]

A biological material analysis system as set forth in claim 1, wherein the substrate surface on which the probes for
capturing the biological material are immobilized is a polymer layer prepared by polymerizing two monomers, wherein
the polymer layer has a structure wherein a first monomer having a first functional group for polymerization at two
locations and a second monomer having a second functional group for polymerization at two locations are arranged in
alternating fashion, and wherein one of either the first monomer or the second monomer has a biological material capture
residue.

[Claim 10]

A cell constituent material analysis method characterized in that the method employs a cellular constituent material
isolation chip for cellular constituent material analysis, comprising a substrate having compartmentalized areas divided
into predetermined compartments; a means for placing the areas of the substrate into communication with each other as
needed; probes which are provided on the surface of the areas of the substrate and are capable of capturing a constituent
material of cells contained in the areas of the substrate; and electrodes for applying an electric field from above and
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below the areas of the substrate, wherein the method comprises:

a step of retaining a buffer solution containing a cell in the areas of the compartments;

a step of destroying cells retained in the areas of the compartments;

a step of two-dimensionally projecting a predetermined biological material contained in the destroyed cells onto an
area of the substrate and capturing the predetermined biological material on the probes;

a step of reacting the captured predetermined biological material with probes labeled with predetermined
nanoparticles; and

a step of analyzing the particle diameter and elemental composition of the nanoparticles of the reacted probes to
identify the type and location of the predetermined biological material for each molecule of the biological material.
[Claim 11]

A cellular constituent material isolation chip comprising a substrate having compartmentalized areas divided into
predetermined compartments for retaining individual cells; a plurality of probes capable of capturing cellular constituent
materials, structured so as to be arrayed in spots in the compartmentalized areas of the substrate; and a mechanism for
placing the compartmentalized areas of the substrate into communication with each other as needed.

[Claim 12]

A cellular constituent material analysis method characterized in that the method employs a cellular constituent
material isolation chip for cellular constituent material analysis, comprising a cellular constituent material isolation chip
having a substrate having compartmentalized areas divided into predetermined compartments for retaining individual
cells, a plurality of probes capable of capturing constituent materials of the cells, structured so as to be arrayed in spots
in the compartmentalized areas of the substrate, and a mechanism for placing the compartmentalized areas of the
substrate into communication with each other as needed; and electrodes for applying an electric field from above and
below the areas of the substrate, wherein the method comprises:

a step of retaining a buffer solution containing a cell in the areas of the compartments;

a step of destroying cells retained in the areas of the compartments;

a step of capturing a predetermined biological material contained in the destroyed cells on the plurality of probes
present in the areas of the substrate;

a step of reacting the captured predetermined biological material with probes labeled with predetermined
nanoparticles; and

a step of analyzing the particle diameter and elemental composition of the nanoparticles of the reacted probes to
identify the type and location of the predetermined biological material for each molecule of the biological material.
[Claim 13]

A cellular constituent material analysis method characterized in that the method employs a cellular constituent
material isolation chip for cellular constituent material analysis comprising a substrate having compartmentalized areas
divided into predetermined compartments and a means for placing the areas of the substrate into communication with
each other as needed, wherein the method comprises:

a step of retaining a buffer solution containing a cell in the areas of the compartments;

a step of exposing cells retained in the areas of the compartments to a desiccating atmosphere under predetermined
conditions to desiccate the cells, or desiccating after freezing the areas of the compartments in which the cells have been
adhered;

a step of adding a predetermined solution to make a cell membrane material-permeable;

a step of washing away materials other than cellular constituent material immobilized in the areas of the compartments;

a step of reacting predetermined nanoparticle-labeled probes with the cellular constituent material immobilized in the
areas of the compartments; and

a step of analyzing the particle diameter and elemental composition of the nanoparticles of the reacted probes to
identify the type and location of the predetermined biological material for each molecule of the biological material.
[Claim 14]

A cellular constituent material analysis method characterized in that the method employs a cellular constituent
material isolation chip for cellular constituent material analysis comprising a substrate having compartmentalized areas
divided into predetermined compartments and a means for placing the areas of the substrate into communication with
each other as needed, wherein the method comprises:

a step of retaining a buffer solution containing a cell in the areas of the compartments;

a step of immobilizing a cellular constituent material by exposing cells retained in the areas of the compartments to
a solution containing aldehydes;

a step of adding a predetermined solution to make a cell membrane material-permeable;
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a step of washing the cellular constituent material immobilized in the areas of the compartments;

a step of reacting predetermined nanoparticle-labeled probes with the cellular constituent material immobilized in the
areas of the compartments; and

a step of analyzing the particle diameter and elemental composition of the nanoparticles of the reacted probes to
identify the type and location of the predetermined biological material for each molecule of the biological material.

[Claim 15]

A cellular constituent material analysis method characterized in that the method employs a cellular constituent
material isolation chip for cellular constituent material analysis, comprising a substrate having compartmentalized areas
divided into predetermined compartments to which a predetermined marker has been attached; a means for placing the
areas of the substrate into communication with each other as needed; probes which are provided on the surface of the
areas of the substrate and are capable of capturing a constituent material of cells contained in the areas of the substrate;
and electrodes for applying an electric field from above and below the areas of the substrate, wherein the method
comprises:

a step of retaining a buffer solution containing a cell in the areas of the compartments;

a step of obtaining a first image including the cells retained in the areas of the compartments and the markers on a
single screen;

a step of destroying cells retained in the areas of the compartments;

a step of two-dimensionally projecting a predetermined biological material contained in the destroyed cells onto an
area of the substrate and capturing the predetermined biological material on the probes;

a step of reacting the captured predetermined biological material with probes labeled with predetermined
nanoparticles; and

a step of obtaining a second image including the nanoparticles that label the probes and the markers on a single screen;
and

a step of analyzing the particle diameter and elemental composition of the nanoparticles of the reacted probes to
identify the type and location of the predetermined biological material for each molecule of the biological material.

a step of combining the first image and the second image by aligning the markers.

[Claim 16]

A cellular constituent material analysis method characterized in that the method employs a cellular constituent
material isolation chip for cellular constituent material analysis comprising a substrate having compartmentalized areas
divided into predetermined compartments to which a predetermined marker has been attached and a means for placing
the areas of the substrate into communication with each other as needed, wherein the method comprises:

a step of retaining a buffer solution containing a cell in the areas of the compartments;

a step of obtaining a first image including the cells retained in the areas of the compartments and the markers on a
single screen;

a step of exposing cells retained in the areas of the compartments to a desiccating atmosphere under predetermined
conditions to desiccate the cells, or desiccating after freezing the areas of the compartments in which the cells have been
adhered;

a step of adding a solution containing pepsin to make a cell membrane material-permeable;

a step of washing the cellular constituent material immobilized in the areas of the compartments;

a step of reacting predetermined nanoparticle-labeled probes with the cellular constituent material immobilized in the
areas of the compartments; and

a step of obtaining a second image including the nanoparticles that label the probes and the markers on a single screen;
and

a step of analyzing the particle diameter and elemental composition of the nanoparticles of the reacted probes to
identify the type and location of the predetermined biological material for each molecule of the biological material.

a step of combining the first image and the second image by aligning the markers.

[Claim 17]

A cellular constituent material analysis system characterized in that it comprises: a substrate structure with probes
immobilized on the substrate surface for capturing a predetermined biological material; a structure formed by application
of agarose thin film for cell attachment prevention to the substrate surface on which the probes are immobilized; a spatial
structure whereof the surface retains a buffer solution containing a cell on the surface of the substrate structure provided
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with probes for capturing the biological material; a mechanism for destroying cells in the buffer solution retained in the
spatial structure; a mechanism for two-dimensionally projecting a predetermined biological material contained in a
destroyed cell onto the substrate surface; and a mechanism for distinguishing and detecting the biological material
captured by the probes on the substrate surface.

[Detailed description of the invention]

[Technical field]

[0001]

The present invention relates to a cellular constituent material analysis chip and a cellular constituent material analysis
system and method for quantitatively measuring mRNA or protein which is a gene product expressed in a cell or cell
aggregate constituting a tissue, along with information concerning the spatial localization of the mRNA or protein in the
cell or the cell aggregate constituting a tissue.

[Background art]
[0002]

With the development of genome planning, there has been more active efforts to understand living organisms,
diagnose diseases, and understand biological phenomena at the DNA level. It is effective to examine the expression
status of genes in order to understand biological phenomena and investigate the function of genes. A powerful method
used for this purpose is a DNA probe array or DNA probe chip, in which a large number of DNA probes are
compartmentalized by type and immobilized on a solid surface (these are also sometimes referred to as an oligo chip,
because what is actually immobilized is oligonucleotide derivatives). The concept of protein chips in which antibodies
and antigens are arrayed and immobilized on a substrate instead of DNA probes has also been put into practical use. For
example, a system for allergen testing has been put into practical use for medical testing purposes, in which allergens
are detected by reacting specimen blood serum with a device comprising tens to hundreds of antigens that cause allergies
(allergens) immobilized on a substrate, specifically capturing the [gM present in the serum that is involved in the antigen-
antibody reactions with each antigen, reacting it with an enzyme-labeled secondary antibody that binds to the IgM, and
measuring the enzyme activity by incorporating chemiluminescence.

[0003]

Methods of making a DNA chip include the method of synthesizing oligomers of sequences designed for a large
number of compartmentalized cells, base by base, using photochemical reactions and lithography as commonly used in
the semiconductor industry (non-patent document 1: Science 251, 767-773 (1991)), and the method of implanting DNA
probes or protein probes one by one in each compartment (non-patent document 2: Proc. Natl. Acad. Sci. USA 93, 4613-
4918 (1996)).

[0004]

Each of these chips has a structure in which compartments are defined on a plane, such as a glass slide, and a large
number of probes are arranged in an array. Indexing as to the position at which any given probe is located is generally
performed solely on the basis of the physical location at which the probe is immobilized.

[0005]

For detection, in DNA chips and similar, fluorescent dyes are overwhelmingly used as labels. As mentioned above,
in protein chips, detection is often performed with a chemiluminescence or bioluminescence system using enzyme
labels, and various methods have been put into practical use, such as fluorescent label detection and
electrochemiluminescence detection.

[0006]

In the electrochemiluminescence method, an antibody for antigen capture is present on the surface of the electrode.
A ruthenium complex is used as the label for antibodies for sandwiching (non-patent document 3: Clin. Chem., 37,
1534-1539 (1991)). On the surface of the electrode, the ruthenium is oxidized, and electrons of the ruthenium which
entered an excited state upon reduction through coupling with TPA in a redox reaction emit light upon falling back to
ground state.

[0007]

[Non-patent document 1] Science 251, 767—773 (1991)

[Non-patent document 2] Proc. Natl. Acad. Sci. USA 93, 4613—4918 (1996)

[Non-patent document 3] Clin. Chem., 37, 1534—1539 (1991)
[Disclosure of the invention]
[Problem to be solved by the invention]

10

20

30

40

50

Curio EX1025-p. 5
Curio v Prognosys



(6) JP2007-14297 A 2007.1.25

[0008]

According to the above-mentioned prior art, methods for the identification and detection of mRNA, which is a gene
transcription product, and of proteins, which are a translation product, using DNA probe chips or protein chips have
been thoroughly investigated, and measurements can be performed provided that a sample in the form of a solution can
be prepared by some method. For allergen testing based on specimen serum as described with respect to the prior art
above, serum samples are used. For mRNA testing, RNA components are extracted in advance from a cell specimen of
sufficiently large quantity, cDNA is synthesized by reverse transcription reaction with reverse transcriptase, and
amplification is performed by PCR amplification and cRNA synthesis. Furthermore, during complementary strand
synthesis, labeled dNTPs are incorporated to obtain a large amount of labeled DNA strands. Recently, the mainstream
method has been to incorporate aminoallyl ANTP and then react fluorescent dye with the amino groups to obtain
fluorescently labeled DNA strands. The fluorescently labeled DNA strands thus obtained are hybridized to a so-called
DNA chip to analyze various expression genes. In this way, analysis is possible only when a solution sample can be
obtained in advance.

[0009]

When dealing with situations where cells account for a large part of the specimen, there are cases where the operation
of putting the cellular constituent material to be measured into a solution state in itself poses a problem. In multicellular
organisms, cells establish overall balance through mutual interaction with adjacent cell groups, so when a cell group is
crushed into a uniform state, the localized information of the individual cells is lost. Furthermore, mRNA, which is an
expression gene, is localized even within individual cells, and protein, which is the final product, is also localized within
cells according to its function. These local mRNA and proteins are altered by cell activity, i.e., communication with
adjacent cell groups, and also vary with the environment in which they are placed. That is, in order to describe biological
functions more accurately and obtain information useful for medical testing and drug discovery, it is necessary to

quantitatively detect mRNA and protein localized between cells and within cells while retaining local spatial information.

[0010]

Namely, it is an object of the present invention to provide a cellular constituent material analysis chip and a cellular
constituent material analysis system and method that make it possible to overcome the above-mentioned problems and
perform quantitative determination of mRNA and protein localized between cells and within cells without losing local
spatial information.

[Means for solving the problem]
[0011]

In the present invention, to implement a method which minimizes degradation of mRNA or expressed proteins and
eliminates the need for concentration dilution, the contents of a cell are first captured on a substrate or electrode with
the cell being projected two-dimensionally. For this purpose, electrophoretic force can be utilized. In other words, cell
contents are attracted to the electrode surface at the same time as the cells are destroyed by sandwiching the cells between
two electrode sheets having an extremely thin gap and applying an electric field. Alternatively, using UV light for cell
destruction is also effective. UV light of about 350 nm is not absorbed by water that serves as a solvent, but is absorbed
by cells. For this reason, cells can be solubilized without boiling the solvent. At this time, electrophoretic force is also
used to capture the contents of the biological material in a two-dimensionally projected form.

[0012]

With any method of cell destruction, in order to capture the contents of biological material in a two-dimensionally
projected form, it is important that the lines of electric force be formed substantially perpendicular to the electrode plane.
In other words, it is necessary for the electrode surface area to be sufficiently large compared to the size of the cell. In
addition to this condition, if the distance between the electrodes is on the order of tens of um, such that convection does
not occur readily, the intracellular material will move substantially perpendicularly to the electrode plane. Material that
binds to mRNA, such as poly T for mRNA capture, is immobilized on the surface of a substrate or electrode for capturing
the contents of biological material. In the case of proteins, cations such as amino group and anions such as carboxyl
groups that are densely introduced onto the surface are used to electrostatically immobilize the protein. Alternatively,
the surface of the electrode can be covered with hydrophobic residues, and proteins can be immobilized all at once on
the substrate surface by using the force of binding between the hydrophobic portions of the proteins using the exclusion
energy of water molecules.

[0013]
When the object of determination can be anticipated, by immobilizing the corresponding DNA probes in advance on
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the substrate, more accurate measurement is made possible. For example, a sequence of SEQ ID NO: 1 immobilized as
a probe can be used to determine the intracellular distribution of mRNA from Homo sapiens paraoxonase 1 (PONI1).
Furthermore, by immobilizing a plurality of DNA probes on a substrate, mRNA sequences for a plurality of
measurement parameters can be captured on the substrate. CGAAGCACCT CTGATGCAGG AGGATTCTCT
GAGTCATAGA AGAAGATTTT: (SEQ ID NO: 1)

The present invention can also be applied to tissue-like specimens in which cells are aggregated. However, it is
desirable for tissue-like specimens to contain a single layer of cells. Assume that ten cells are lined up in a row in a
virtual tissue-like specimen. When the specimen is sandwiched between two electrodes and subjected to an electric field
while being irradiated with UV, biological material from the individual cells is immobilized on the electrode surface
while retaining two-dimensional information corresponding to the individual cells.

[0014]

As a second method for capturing and immobilizing the contents of biological material on a substrate, a method for
instantaneously evaporating the water content of a cell to immobilize it without relying on electrodes is also effective.
In this case, mRNA and proteins can be immobilized without disrupting the arrangement of cells by exposing the cells,
arranged on a substrate, to high temperature to evaporate the water content. Of course, intracellular mRNA and proteins
can also be immobilized while retaining intracellular two-dimensional information. Alternatively, desiccation may be
performed after instantaneously freezing with liquid nitrogen. Alternatively, cells may be immobilized using reagents
such as formaldehyde or glutaraldehyde. In the case of immobilization using formaldehyde or glutaraldehyde, in
particular for mRNA analysis, this can be achieved by immobilizing the cells with formaldehyde, then subjecting to the
action of a proteolytic enzyme such as trypsin to destroy the cell membrane surface and structural proteins so as to
enable hybridization with mRNA immobilized on nanoparticle labeled probes, described later, and analyzing the reacted
nanoparticles as a two-dimensional surface. Any of these methods allows subsequent detection of mRNA and proteins.
[0015]

In the second immobilization method, mRNA and proteins are immobilized on the substrate at the same time. Since
cell destruction and immobilization are performed rapidly, one need not be concerned much about mRNA degradation
by RNase, which is a problem when detecting mRNA. After immobilization, more precise mRNA detection is made
possible by performing the operation of washing the substrate with an RNase inhibitor to eliminate RNase activity. Since
common proteins are in many cases immobilized in a denatured state, there is no need to worry about degradation by
protease.

[0016]

In the second immobilization method, in addition to mRNA and proteins, the genome is also immobilized on the
substrate at the same time, so quantitative data including spatial information on mRNA and protein expression of the
same cell on the same substrate can be obtained by reacting with the corresponding nanoparticle-tagged probes. Specific
genes of the genome present in the nucleus can also be differentiated from mRNA and detected simultaneously.

[0017]

In the present invention, regardless of the method of immobilization used, intracellular material is immobilized on a
substrate or electrode in a two-dimensional plane while retaining location information. Here, in the case of two-
dimensional immobilization of intracellular material from one cell, different probes can be immobilized in each
compartment element in the manner of a DNA chip or protein chip to identify the biological material of interest at the
location of the element. Therefore, labeled probes that selectively bind to the intracellular material immobilized in a
two-dimensional plane are utilized, and an appropriate identifier is provided to identify the immobilized intracellular
material.

[0018]

In the case of two-dimensional immobilization of intracellular material, if the purpose is to obtain location
information sufficient for differences between individual cells to be measured, two-dimensional location information
and quantity of each biological material at the cell level can be determined by retaining individual cells in separate
compartments while maintaining cell interaction, and arranging a plurality of probes in spots, as in the case of
conventional DNA microarrays and protein chips, for each individual compartment. In this case, as in the case of two-
dimensional projection and measurement of intracellular material described above, labeled probes are employed, which
selectively bind to the intracellular material that is immobilized through affinity to a plurality of probes disposed in each
cell immobilization compartment while maintaining the arrangement of the cells, and an appropriate identifier is
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provided to identify the immobilized intracellular material.
[0019]

An appropriate identifier is, for example, a fluorescent molecule, which is detected through single-molecule detection.
More readily, fluorescent nanoparticles are used as an identifier to count fluorescent points on a substrate.
Discrimination of the object of measurement can be achieved by distinguishing differences in the type and intensity of
the fluorescent substance with which the corresponding probe is labeled. Alternatively, nanoparticles may be used.
Nanoparticles of different particle diameters and different elemental compositions are used according to the object of
measurement. This makes it possible to quantitatively measure intracellular distribution while distinguishing the of
object of measurement by counting the type and number of nanoparticles added to the reacted probes relative to the two-
dimensional projection plane of the cell.

[Effect of the invention]
[0020]

According to the present invention, mRNA and protein expressed in cells and the genome that carries the respective
information can be detected at the molecular level, including intracellular and intercellular location information and
quantity.

[Best mode for carrying out the invention]
[0021]

The average size of animal cells is approximately 10 to 30 pum. They contain over 20,000 genes are express hundreds
of types of mRNA consisting of at least several tens of molecules. Some consist of over 100,000 molecules, but there
only a few such types. Many of the genes that are expressed in large amounts are housekeeping genes, which are
constantly expressed in a substantially fixed quantity within cells. Therefore, the object of interest of the present
invention is genes for which the number of expressed mRNA molecules varies depending on the state in which the cell
is placed and for which the number is not particularly high.

[0022]

Assuming that 100 molecules are expressed, it is impossible to detect them without amplification when using methods
such as those of conventional DNA chips. This is because the cells are crushed and become degraded or diluted at the
stage of extracting mRNA, as a result of which hybridization would kinetically require nearly infinite time.

[0023]

In the present invention, the contents of a cell are captured directly on a substrate or electrode, with the cell being
projected two-dimensionally. Specific embodiments will be described below with reference to the drawings.
[0024]

(Embodiment 1)

FIG. 1 (A) is a plan view showing the cellular constituent material isolation chip of embodiment 1, and (B) is a cross-
sectional view in the direction of the arrow at the A-A position of FIG. 1 (A). (C) is another example of a cross-sectional
view seen in the direction of the arrow at the A-A position of (A). Reference numeral 1 is a quartz substrate, on the top
surface of which there is formed a 5 pm thick agarose gel membrane 4, and compartments 5 for cell retention are formed
at predetermined intervals. The size of the compartments 5 is, for example, 30 pm square, which is from 9-fold the size
to equal to the size of the aforementioned animal cells, assuming their average size to be 10 to 30 um[J. FIG. 1 shows
the state of the cells 7 arranged in some of the compartments 5. The compartments 5 are connected to each other, if
necessary, by means of grooves 6, allowing for mutual interaction between the cells 7 retained in the compartments 5.
Furthermore, a transparent electrode 2 made of indium tin oxide (ITO) is formed at a position corresponding to each
compartment 5 on the top surface of the substrate 1. The transparent electrode 2 may be fabricated by depositing gold
or platinum or chromium so that light transmittance will be about 30 to 70%. The size of the electrode 2 is substantially
equal to the size of the compartment 5. A glass substrate 1’ is provided on the top surface of the agarose gel membrane
4. The substrate 1 and the substrate 1’ have a structure wherein a certain spacing is maintained by means of a spacer 8.
The spacer 8 is pre-attached to the substrate 1’ and is installed by pressing against the glass substrate 1. Here, it is better
to remove in advance the agarose gel in the portion of the substrate 1 that contacts the spacer, but if the thickness of the
agarose gel 4 is thin as in (C), it suffices to attach the spacer by pressing over the gel. At the location of the compartments
5 of the glass substrate 1, there is provided a counter electrode 2’ corresponding to the electrode 2. The quartz substrate
1 and the glass substrate 1’ are provided respectively with an electrode 2 and an extraction electrode 3 connected to the
counter electrode 2. It should be noted that the agarose gel membrane 4 of the quartz substrate 1 can be easily machined
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by heating through application of focused light, making it easy to form the compartments 5 and the grooves between the
compartments 5. Different types of cells that are placed in the compartments 5 can be made to interact with each other
at any stage by forming a groove connecting the respective compartments 5 with focused light during culture.

[0025]

Assuming the spacing between the opposing substrates 1, 1’ with electrodes is 0. 1 mm, the area of a compartment 5
sandwiched between the two substrates with electrodes will be a space of approximately 0. 03 % 0. 03 x 0. 1 mm, so that
when a buffer solution or culture solution is filled into the compartments 5, and cells 7 are inserted one by one, one cell
will be present in the space sandwiched between the electrodes. As a first example of FIG. 1, an example of a cellular
constituent material isolation chip for floating cells is shown. Here, neuronal cells, i.e., neuronal stem cells, in a floating
state suspended in culture solution are removed one by one from the suspension and are inserted into the compartments
5 and sandwiched with two substrates 1, 1'. To prevent adhesion of neuronal stem cells, on the bottom of the
compartments 5, there is provided a no more than 0. 5 pm thick, 0. 05% or lower concentration agarose membrane 9 for
cell attachment prevention. Such thin agarose membranes allow free permeation by mRNA and the like. If necessary,
compartments 5 are connected with a groove 6’. As shown in the cross-sectional view presented in FIG. 1 (B), the
agarose gel membrane 4 is formed to separate the substrates 1 and 1, and the compartments 5 are made into independent
spaces to create a structure for retain floating cells in the space 5. The two substrates 1, 1’ have a structure that can
transmit 350 nm lasers. When the light absorption at 350 nm of the electrode is high, the problem can be solved by
fashioning the electrode in a lattice shape or making the thickness of the thin metal film 5 nm or less so as to allow
partial transmission of light.

[0026]

As a second example in FIG. 1, human COS cells 7 suspended at a concentration of 105 cells/ml in PBS are removed
one by one from the suspension and are inserted at two locations into compartments 5, and sandwiched with two
substrates 1, 1'. Since the COS cells 7 are implanted at a location where there is no agarose gel membrane 4, they will
adhere to the substrate 1 in the compartments 5 as shown in the cross-sectional view in (C). For this reason, even if the
agarose gel membrane 4’ is thin, as shown in (C), and the compartments are not completely separated from each other,
a cell will not move to the adjacent compartment, and the interaction between the cells will not occur outside the groove.
If necessary, compartments 5 are connected with a groove 6'. Of course, it is also possible to form an agarose gel
membrane 4 to separate the substrates 1 and 1’, and make the compartments 5 into independent spaces to create a
structure for retaining cells in the space 5 as shown in the cross-sectional view presented in FIG. 1 (B). In this case, a
tunnel 6 is created instead of a groove between compartments.

[0027]

The two substrates 1, 1’ have a structure that can transmit 350 nm lasers. When the light absorption at 350 nm of the
electrode is high, the problem can be solved by fashioning the electrode in a lattice shape or making the thickness of the
thin metal film 5 nm or less so as to allow partial transmission of light.

[0028]

It should be noted that in FIG. 1, the spacer 8 is shown in a form that surrounds the entire circumference of the area
where the compartments 5 are provided, but in the example of FIG. 1 (B), the spacer is made such that the substrate 1’
does not compress the agarose gel membrane 4 too strongly, and in the example of FIG. 1 (C), it may be arranged
intermittently to a sufficient degree to ensure that the distance between the substrates 1 and 1’ is maintained. In this case,
the distance between the substrates 1 and 1’ is small, so even in the example of FIG. 1 (C), the culture solution is not
lost by outflow.

[0029]

FIG. 2 (A) is a cross-sectional view of a cell arranged in a compartment 5 sandwiched between two substrates 1, 1°
for floating cells. Here, a case in which non-adherent cells are used will be described. The cell 22 is trapped in a space
delimited by the substrates 1 and 1’ and the agarose gel membrane 4. In this example, the thickness of the agarose gel
membrane 4 is 0. 1 mm, and the spacing between the substrates 1 and 1’ is also 0. 1 mm. The grooves 6 are for connecting
the respective compartments 5 and establishing interactions between cells, and are created at one’s discretion during
culture. The grooves 6 have a cross-sectional area through which the cells cannot pass. On the inner side of the two
opposed substrates, an electrode 2 is fixed to substrate 1, and probes 20 are immobilized on the surface of the electrode
2. Although the probes 20 are immobilized in a substantially embedded state in the agarose gel membrane 9, the agarose
concentration is low, so that mRNA, cDNA, and the like can freely access the probes. Here, the probes 20 are made of
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poly T. An electrode 2’ is present on the surface of the substrate 1’. The compartments 5 are delimited by an agarose
structure 4, but may be connected as needed using tunnels 6. A buffer solution or culture solution is filled into the
compartment 5, and a cell 22 is inserted. When a 355 nm pulsed laser 21 is irradiated onto the compartment 5 where the
cell 22 is present from the top surface of the glass substrate 1’, the cell 22 is destroyed. It should be noted that since the
electrodes 2, 2’ are intended for applying an electric field, they may also be located on the back side of the substrates.
[0030]

FIG. 2 (B) schematically illustrates the process whereby the cell in the compartment 5 is destroyed by the pulsed laser
21, and at the same time, a power supply 60 is used to apply an electric field (1. 2V) between the electrodes 2, 2', drawing
nucleic acids 23, such as mRNA and DNA, in the direction of the positive electrode 2. Much of the content of the cell,
such as proteins 25, moves to the negative electrode 2’ or remain in place without moving. When an electric field is
applied, a pH gradient is formed between the electrodes. Nucleic acids with low pK can move to the positive electrode,
but other components with pK that is not particularly low cannot reach the positive electrode because their charge is
neutralized.

[0031]

FIG. 2 (C) is a diagram schematically illustrating a state in which time has elapsed from the state of FIG. 2 (B). As
time passes, nucleic acids 23 such as mRNA and DNA hybridize to the poly T probes 20 on the substrate.
[0032]

FIG. 3 is an example of a human COS cell that is an adherent cell. FIG. 3 (A) is a cross-sectional view of a cell
arranged in an adhered state in a compartment 5 sandwiched between two substrates 1, 1°. The cell 22’ is trapped in a
space delimited by the substrates 1 and 1’ and the walls 4-1, 4-2 of the agarose gel membrane. Since the cell is adhered
to the bottom surface of the compartment, it will not enter an adjacent compartment even if the area above is open. This
is because a cell cannot adhere to areas substantially coated with an agarose gel membrane, and thus cannot migrate to
an adjacent compartment. Regarding the thickness of agarose for preventing such cell migration, 0. 5 um is essentially
sufficient. In this example, the thickness of the agarose gel membrane is 3 um, and the spacing between the substrates
1 and 1" is 0. 1 mm. The groove 6-1 is for connecting the respective compartments 5 and establishing interactions
between cells, and is created at one’s discretion during culture. The groove 6-1 has a width through which the cells
cannot pass. On the inner side of the two opposed substrates, an electrode 2 is fixed to substrate 1, and probes 20 are
immobilized on the surface of the electrode 2. Here, the probes 20 are made of poly T. An electrode 2’ is present on the
surface of the substrate 1°. The compartments 5 are delimited by an agarose structure 4-1, 4-2, but may be connected as
needed using tunnels 6-1. A buffer solution or culture solution is filled into the compartment 5, and a cell 22 is inserted.
When a 355 nm pulsed laser 21 is irradiated onto the compartment 5 where the cell 22 is present from the top surface of
the glass substrate 1’, the cell 22 is destroyed. It should be noted that since the electrodes 2, 2" are intended for applying
an electric field, they may also be located on the back side of the substrates.

[0033]

FIG. 3 (B), similarly to the example in FIG. 2, schematically illustrates the process whereby the cell in the
compartment 5 is destroyed by the pulsed laser 21, and at the same time, a power supply 60 is used to apply an electric
field (1. 2V) between electrodes 2, 2'. While nucleic acid components 23, such as mRNA, remain near the bottom surface
of the substrate to which the cell has adhered, much of the contents of the cell, such as proteins 25, migrate toward the
negative electrode 2. When an electric field is applied, a pH gradient is formed between the electrodes. Nucleic acids
with low pK can furthermore migrate toward the positive electrode and hybridize to the probes (poly T) on the substrate,
but other components with pK that is not particularly low cannot reach the positive electrode because their charge is
neutralized.

[0034]

FIG. 3 (C) is a diagram schematically illustrating a state in which time has elapsed from the state of FIG. 3 (B). As

time passes, nucleic acids 23 such as mRNA and DNA hybridize to the poly T probes 20 on the substrate.
[0035]
The probe immobilization method will be described. For the substrate to be used by affixing over a normal electrode

10

20

30

40

Curio EX1025-p. 10
Curio v Prognosys



(11) JP2007-14297 A 2007.1.25

or an electrode on which poly T probes 20 have been immobilized, a substrate is fabricated having a polymer layer
prepared by polymerizing two monomers. In this substrate, the polymer layer has a structure wherein a first monomer
having a first functional group for polymerization at two locations and a second monomer having a second functional
group for polymerization at two locations are arranged in alternating fashion, and wherein one of either the first
monomer or the second monomer has a biological material capture residue. Specifically, the substrate is polymerized
by reacting alkyl diisocyanate as the first monomer and diaminophenyl acetate as the second monomer at an equimolar
ratio. In this case, the first functional group is an isocyanate group and the second functional group is an amino group.
For example, hexamethylene diisocyanate can be used as the alkyl diisocyanate. Furthermore, the biological material
capture residue is a carboxyl group of diaminophenyl acetate, which is the second monomer. The polymerized thin film
is thus polyurea. With respect to polymerization conditions, a thin film of the polymer can be formed on the substrate
by applying a mixed solution of the two monomers with a spin coater and then baking at a predetermined temperature
(150 °C to 200 °C). Alternatively, an existing vacuum deposition method (Jpn. J. Appl. Phys. 33, L1721-L1724 (1994))
can be used. The polyurea thin film formed on the substrate in this way is a structure in which alkyl diisocyanate and
diaminophenyl acetate monomers alternately react to form the polyurea thin film, so that side chain carboxylic acid
groups are present at relatively uniform intervals. The interval of the carboxyl group to be introduced can be adjusted
by adjusting the length of the alkyl groups. This also makes it possible to form a thin film having functional groups on
electrodes made of gold, platinum, etc., introducing functional groups to the surface of which has been problematic
conventionally. Using a carbodiimide-based activator, a probe having amino groups as biological material capture
residues may be directly immobilized to carboxyl groups that have been introduced into the substrate. Alternatively,
when ethylenediamine is reacted with this side chain carboxyl group in the presence of a dicyclohexylcarbodiimide-
based activator, a primary amine residue can be introduced into the side chain carboxyl groups at high yield. In other
words, primary amines take on a state in which they are lined up on the surface of the substrate at substantially constant
intervals. The primary amine is then modified with 1,4-phenylene diisothiocyanate as described in Nucleic Acids
Research,27,1970—-1977 (1999) and CHEMBIOCHEM 2, 686—694 (2001) to introduce isothiocyanate groups to the
surface. Finally, poly T (T»s) with an amino group at the 5 end is reacted. These reaction conditions are detailed in the
above literature. The above method yields an electrode 2 (substrate) on which the poly T has been immobilized at
intervals of about 9 nm.

[0036]

Alternatively, a substrate having a polymer thin film with different alternating functional groups can be fabricated by
polymerizing, as the two monomers, an alkyl diisocyanate having on its side chain a residue comprising an SH group
protected by an alkyl group as a first functional group, and diaminophenyl acetate having a carboxyl group as a second
functional group. The protected SH group used can be made, for example, by introducing an SH protecting group as
used for peptide synthesis. Alternatively, protection can be provided in the form of a pyridyldithio group. In the
following case, a substrate prepared using a monomer with protection of the SH group provided in the form of a
pyridyldithio group will be described. After forming the polymer on the substrate, first, the carboxyl groups are reacted
with ethylenediamine in the presence of a dicyclohexylcarbodiimide-based activator, and are then reacted with 1,4-
phenylene diisothiocyanate and further reacted with a first oligomer of a particular sequence having an amino group at
the 5’ end to immobilize the oligomer. The SS bond is then reduced using dithiothreitol to expose the SH group to the
alkyl group portion on the substrate. Reacting a second oligonucleotide having a maleimide group in an aqueous solution
at a pH of about 6 causes the double-bond portion of the maleimide to react with the SH group on the substrate, making
it possible to immobilize the second oligonucleotide with a thioether bond. In this example, there is the advantage that
a substrate having multiple probe DNA introduced into the same substrate at substantially constant intervals can be
obtained. That is, mRNA having two types of complementary sequences can be captured on the same plane. Gold
nanoparticles of different particle diameters may be used to distinguish between the two types of mRNA.

[0037]

In embodiment 1, polyurea having a carboxyl group was formed on the substrate and used, but besides this, any

polymer may be used that has a residue that allows for periodic introduction into the side chain of a reaction group such
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as a polynucleotide or peptide, which can serve as a probe, so as to allow immobilization thereof. For example, if the
combination of two monomers is acid anhydride having the structure R;-C=0-0-0=C-R»-R3-C=0-0-0O=C-R4 (where
Ri to R4 are arbitrary residues) and a diamine monomer having the structure NH»-Rs-NH, (where Rs is an arbitrary
residue), a diaminophenyl acetate monomer having a carboxyl group at R[gl12]5[/g12] can be used. As the acid
anhydride, a structure such as 4,4’-hexafluoroisopropylidene bisphthalate anhydride can be used.

[0038]

An example of such polymers would be polyimides. As polyimides, bis-anhydrous phthalates and bis-amino
compounds of this sort are generally used. Alternatively, a polyamide can be utilized to form a film on the substrate by
vapor deposition polymerization of a monomer having a carboxylic acid residue at an aliphatic position of an aliphatic
diamine, such as 1,10-diaminodecane or diaminophenyl acetate having a long carboxyl group, and terephthaloyl
dichloride, which is a dichloride monomer. Various reactive residues may be introduced into the long-chain aliphatic
diamine for probe immobilization. Deposition polymerization may be carried out on the basis of an existing method, for
example, Jpn. J. Appl. Phys. 33, L1721-L1724 (1994), Thin Solid Films, 215, 94-97 (1992), with consideration to the
gasification conditions for the monomers used.

[0039]

[FIG. 4] is a diagram intended to explain a method for identifying mRNA groups captured on the poly T probes 20
on the surface of an electrode 2 as shown in FIG. 3 (C). Although FIG. 3 (C) is an example of a cellular constituent
material isolation chip using adherent cells, as mentioned earlier, if the probes 20 are immobilized in a state embedded
in an agarose gel membrane 9 with a low agarose concentration, mRNA, cDNA, and the like can freely access the probes
20, so the following procedures and descriptions apply equally also to the case of the structure presented in FIG. 2 (C)
for floating cells.

[0040]

First, the upper glass substrate 1’ is removed, the insides of the compartments 5 formed in the agarose gel membrane
4 on the top surface of the quartz substrate 1 are washed, and material that did not hybridized to the poly T probes 20
on the electrode 2 is removed. Next, the mRNA 23 that hybridized to the poly T probes 20 can be of a variety of different
types, so a mixed solution of labeled probes is added for identifying these types. After incubation at 45 °C for 3 hours,
washing is performed with pH 7 citrate buffer solution containing 10 mM NaCl. In this state, on the electrode 2, the
mRNA group that hybridized to the poly T probes 20 and the labeled probes 31, 32, 33 hybridized to each mRNA are
in a three-body bonded state. The labeled probes 31, 32, 33 are provided with easily identifiable labels 31’, 32’, 33".
Accordingly, the types and amounts of mRNA immobilized on the poly T probes 20 on the electrode 2 are measured by
counting the labels 31', 32', 33".

[0041]

In other words, as mentioned earlier, since the intracellular material is immobilized on the substrate or electrode in a
two-dimensional plane while retaining location information, it is not possible to immobilize different probes in each
compartment element in the manner of a DNA chip or protein chip to identify the biological material of interest at the
location of the element. Therefore, mRNA immobilized on the two-dimensional plane needs to be identified using a
labeled probe with a label that hybridizes to the mRNA.

[0042]

FIG. 5 is a diagram schematically showing how the labels 31’, 32’, 33" of mRNA immobilized on the probes 22 on
the electrode 2 can be recognized in a two-dimensional plane in relation to the contour 41 of the cell 22 in accordance
with the present invention. Reference numerals 61—63 are markers attached to the electrode 2 (or substrate 10). The data
for the state of FIG. 5 is obtained by the following procedure.

(1) The cell is arranged in the compartment 5 formed in the agarose gel membrane 4 on the top surface of the quartz
substrate 1 and the necessary culturing is performed.

(2) After culture, the cell 22 is imaged with a CCD camera from the back of the electrode 2 through a microscope.

(3) A 355 nm pulsed laser 21 is irradiated onto the compartment 5 where the cell 22 is present.
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(4) After the irradiation of the pulsed laser 21, an electric field is applied between the electrodes 2, 2’ by means of the
power supply 60.

(5) After going through the procedure of washing and anchoring of the labeled probes explained in FIG. 4, imaging is
again performed with a CCD camera from the back of the electrode 2 through a microscope.

[0043]

Namely, data is obtained for the contour 41 of the cell 22 and the markers 61—63 through the initial imaging operation,
and is stored as image data on a computer. The data for the labels 31", 32", 33’ and the markers 61—63" of the mRNA
immobilized on the probes 22 in the second imaging operation can then be obtained, which is saved to the computer as
image data. If the computer performs image processing in which the two data are superimposed so that the markers
match, data showing the relative locations of the contour 41 of the cell 22 and the mRNA (labels 31’, 32', 33" ) can be
obtained as an image.

[0044]

Following the above method, mRNA from one cell is immobilized on a substrate in a two-dimensionally projected
form, and labeled probes are designed from the sequence of the portion spanning the final exon and the exon before the
final exon of the mRNA of EpCAM expressed in epithelial carcinoma cells (colorectal origin) and the sequence
corresponding to the intron portion of the EpCAM gene genome, and similarly from the sequence of the portion spanning
to the exon before the final exon of CD44 mRNA and the sequence of the intron portion of the CD44 genome, to attempt
quantitative measurement of the distribution thereof within a single cell. Probes of EpCAM mRNA and of the intron
portion of EpCAM gene genome are bonded respectively to 10 nm and 50 nm gold nanoparticles, and 20 nm and 70 nm
gold nanoparticles are bonded as indexing markers (labels) to CD44 mRNA and CD44 genome intron portion probes.
The particle size distribution of the particles used is within CV = 2%.

[0045]

A poly T probe for mRNA capture is immobilized on the electrode 2, a 355 nm pulsed laser 21 is irradiated onto the
cell 22 in the compartment 5 to destroy the cell 22, and the entire mRNA is immobilized on the electrode 2 by the above
method of capturing mRNA on poly T probes using an electric field. At this time, the intracellular mRNA is immobilized
in a form that is projected onto the substrate, so that intracellular location information can be maintained. The cell 22 is
adhered to the electrode 2 by placing the aforementioned epithelial cell into the compartment 5 and culturing it in a
culture medium supplied to the compartment 5 in a 5% carbon dioxide, 11% oxygen atmosphere for 1 day. The position
of the immobilized cell is confirmed with a microscope in advance, and imaged with a CCD camera from the back of
the electrode 2 through a microscope and digitized. In this state, the physical surfaces with which the cell is in contact
will be the surface of the electrode 2 to which the cell is adhered and the surface that contacts the culture medium. Thus,
the data obtained in the present invention, in which mRNA and the like is projected two-dimensionally, is a two-
dimensional projection onto the adhesion surface of the cell immobilized on the substrate. That is, intracellular functions
will differ on the surface where the cell is bonded to the substrate and the surface where the cell is in contact with the
solution. Since the intracellular material distribution can always be measured using the adhesion surface as a reference
plane, useful information can be obtained even when the projection is two-dimensional rather than three-dimensional.
[0046]

To the probes 20 on the electrode 2, a suspension of the labeled probes 31, 32, 33 for EpCAM and CD44 mRNA and
genomic sequences using gold nanoparticles as indexing markers 31, 32’, 33" is added to the compartment 5 in which
polynucleotides 23 such as mRNA and genomic DNA are captured, and the polynucleotides such as mRNA and genomic
DNA are hybridized. Regarding the hybridization conditions, for efficient hybridization without aggregation of gold
nanoparticles, the hybridization may be performed under conditions of 10 mM citrate buffer solution containing 100
mM NaCl, pH 7. 4. As a result, results are obtained as can be seen in the schematic diagram of FIG. 6. In FIG. 6, the
indexing markers (gold nanoparticles) are represented in deformed fashion so as to clarify their positional relationship
to the cell.

[0047]

A carcinoma cell derived from colorectal carcinoma that was adhered in the compartment 5 for retaining cells formed
on the substrate 1 with an agarose gel membrane 4 was observed under a microscope in advance, and the cell boundary
and nucleus boundary as digitized with a CCD camera are represented by 41 and 42, respectively. The cell is crushed
with a 355 nm pulsed laser 21, and the polynucleotide component is immobilized on the electrode 2 by means of an
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electric field generated by voltage applied between the electrodes 2, 2'. Furthermore, here, the top of the electrode 2 is
observed under a scanning electron microscope and digitized to allow the distribution of gold nanoparticles 43 to 46 of
four sizes to be observed. Judging from the difference in size, it may be concluded that 43 is detecting a polynucleotide
having a sequence corresponding to the intron of the EpCAM gene and 44 is detecting a polynucleotide having a
sequence corresponding to the CD44 gene. These are mainly detected in the nucleus. The intron sequences detected in
the nucleus can be concluded to be derived from sequences in the genome and immature mRNA transcribed from the
genome. Particles 43’ and 44’ that recognize small amounts of intron sequences are detected in the cytoplasm, but these
can be concluded to have been detected before the introns cut off from immature mRNA were degraded. Since gold
nanoparticles 45 and 46 are not present in the nucleus but are present in the cytoplasm, they can be concluded to be
mature mRNA of EpCAM and CD44, respectively. This is because introns drop out from mature mRNA.

[0048]

In this way, in the present invention, each particle can detect genomic gene sequences, immature mRNA and mature
mRNA by molecule.
[0049]

(Embodiment 2)

In embodiment 2, a method for instantaneously fusing a cell onto a substrate is utilized, rather than relying on a laser
for cell disruption and on electrolysis for moving cellular constituent material. FIG. 7 (A) is a plan view showing the
cellular constituent material isolation chip of embodiment 2, and (B) is a cross-sectional view in the direction of the
arrow at the A-A position of FIG. 7 (A). Reference symbol 10 is a substrate. In embodiment 2, instead of quartz, the
substrate 10 is a substrate having alternating hydrophobic groups and amino groups with a positive charge, with two
monomers being polymerized in alternating fashion so that mRNA and expressed proteins can be adsorbed and
immobilized at the same time. For example, methylene diphenyl 4,4'-diisocyanate having a benzene ring as a
hydrophobic residue as the first monomer, and diaminophenyl acetate as the second monomer, as presented in
embodiment 1, are reacted at an equimolar ratio to polymerize the monomers. Alternatively, the above-described
diaminophenyl acetate monomer and 4,4'-hexafluoroisopropylidene bisphthalate anhydride may be polymerized to
alternately introduce hydrophilic groups and hydrophobic groups.

[0050]

In this state, hydrophobic residues are present on the surface of the substrate, but there are no residues that are charged
positively, so the carboxyl group of diaminophenyl acetate is converted to an amino group. In other words,
ethylenediamine is reacted with a carboxyl group in the presence of a dicyclohexylcarbodiimide-based activator to
convert the carboxyl group into a primary amine residue (amino group). In this way, a substrate having a surface
consisting of a polymer thin film alternating between hydrophobic residues and amino groups can be obtained. Here, a
substrate having a polymer thin film having alternating amino groups and hydrophobic residues may be used, but a
substrate having a thin polystyrene film or nylon, which is a polyamide, polymerized on the substrate, may also be used.
[0051]

On the substrate 10 prepared in this manner, similarly to embodiment 1, a 100 um thick agarose gel membrane 4 is
formed, and compartments 5 for cell retention are formed at predetermined intervals. The size of the compartments 5 is,
for example, 30 um square. The compartments 5 are connected to each other, if necessary, by means of tunnels 6,
allowing for mutual interaction between the cells retained in the compartments 5. In embodiment 2, there is no electrode
2 and no top surface glass 1.

[0052]

As in embodiment 1, a buffer solution or culture solution is filled into the compartments 5, cells are arranged therein,
and if necessary, the cells are cultured under predetermined conditions. After lightly draining the substrate 10 with cells
adhered thereto, the substrate is exposed to a dry helium atmosphere at 160°C. As a result, the cells are instantaneously
desiccated and anchored to the surface of the substrate 10. Alternatively, the substrate 10 with cells adhered thereto may
be desiccated after instantaneously freezing with liquid nitrogen. Alternatively, cells may be immobilized using reagents
such as formaldehyde or glutaraldehyde. In this way, intracellular mRNA and proteins can also be immobilized while
retaining intracellular two-dimensional information. The substrate is then immersed in 70% alcohol to remove small
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molecular weight compounds.
[0053]

When formaldehyde or glutaraldehyde is used, the polynucleotide amine residues and protein amino groups are
modified, so these may be repaired by exposing to water vapor at 100°C if necessary.
[0054]

To hybridize labeled probes to mRNA in the cytoskeleton, the cell membrane is treated to allow labeled probes to
react. Here, treatment with commonly used enzymes is employed. For example, a solution containing pepsin is added,
a hole is created in the surface of the cell membrane, and washing with PBS (pH 7. 4) is performed to allow the probe
label to react with the mRNA.

[0055]

Simultaneous detection of EpCAM mRNA and proteins is performed using indexing probes comprising 10 nm gold
particles bonded to probes for EpCAM mRNA sequences and indexing probes comprising 20 nm gold particles bonded
to an RNA aptamer that binds to EpCAM protein.

[0056]

Synthesis of RNA aptamer with affinity for EpCAM is performed using an evolutionary engineering method. The
method will be described. Preparation of an RNA aptamer that binds to EpCAM involves introducing a 26-base long
sequence comprising a T7 promoter sequence at the 5’ end of a random 40-base sequence of single-stranded DNA, as
shown in SEQ ID NO: 2, and synthesizing a sequence with an 89-base total length into which a priming site for PCR
consisting of 24 bases is introduced at the 3’ end. The sequence from the 5’ side is
TAATACGACTCACTATAGGGAGACAAN (40) TTCGACAGGAGGCTCACAACAGG: (SEQ ID NO: 2).

Transcription into RNA is performed with RNA polymerase using a T7 promoter sequence. For transcription into RNA,
100 pmol of DNA is subjected to 100 u of T7 polymerase at a 500 pl scale. Each substrate is subjected to 3 mM 2'-F-
CTP and 2'-F-UTP, and 1 mM each of ATP and GTP at 25 °C for 10 hours. DNA is degraded with DNase I after RNA
transcription and the transcribed RNA product is collected through electrophoresis. The collected transcribed RNA
product is subjected to thermal denaturation and is then passed, in PBS containing 2 mM MgCl, (pH 7. 4), through a
sepharose CL4B column to which EpCAM has been immobilized. The bonded transcribed RNA components are eluted
with a solution containing 7 M urea. The resulting transcribed RNA components are reverse-transcribed and PCR-
amplified with primer pairs of sequences complementary to the known sequence portions at both ends. The resulting
PCR product is again transcribed with a T7 promoter and similarly captured with a sepharose CL4B column to which
EpCAM has been immobilized to collect the bonded transcribed RNA components. The step of transcription-capture-
collection-PCR amplification is repeated 15 times to obtain an RNA aptamer that reacts specifically with EpCAM.
[0057]

In vitro transcription by the method described in the paper “Staining of cell surface human CD4 with 3'-F-pyrimidine-
containing RNA aptamers for flow cytometry”, included in Nucleic Acids Research 26, 3915-3924 (1998) was used to
insert a thiolate group at the 5’ end of the aptamer. The thiolate group is reacted with biotin having an introduced
iodoacetyl group to yield a 5’ biotinylated RNA aptamer. Streptavidin conjugate gold nanobeads are reacted to yield
RNA aptamer that specifically reacts with EpCAM, with gold nanoparticles as the identifier material.

[0058]

Indexing probes in which 10 nm gold particles are bonded to a probe for an EpCAM mRNA sequence and indexing
probes in which 20 nm gold particles are bonded to an RNA aptamer that binds to EpCAM protein are mixed at an
equimolar ratio, and a solution, to which RNase inhibitor has been added, is added to the substrate on which cells have
been immobilized. Incubation is performed at 45 °C for 2 hours. After completion of the reaction, washing is performed
with cold water and observation is conducted under a scanning electron microscope or interatomic force microscope.
The results obtained are shown in FIG. 8. Similarly to FIG. 6, which shows the results obtained in embodiment 1, the
location of the cell membrane 51 and the nuclear membrane 52 are confirmed before cell immobilization. Gold
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nanoparticles that are bonded to EpCAM mRNA based on particle diameter are shown as 55, and gold nanoparticles
that are considered to be bonded to the EpCAM protein are shown as 56. In this case, it can be seen that mRNA is
present in the cytoplasm. Also, although EpCAM protein is detected throughout, it can be considered to be localized on
the cell surface in such cases because it is largely aggregated at the boundary of 51.

[0059]

It should be noted that in embodiment 2, in addition to mRNA and proteins, the genome is also immobilized on the
substrate at the same time, so quantitative data including spatial information on mRNA and protein expression of the
same cell on the same substrate can be obtained by reacting with the corresponding nanoparticle-tagged probes. Specific
genes of the genome present in the nucleus can also be differentiated from mRNA and detected simultaneously. To
achieve this, nanoparticles of different indexing should be used for mRNA, protein and genome. For example,
nanoparticles of different particle diameters doped with various elements based on gold nanoparticles can be used for
mRNA, similar particles based on silver for proteins, and similar particles based on platinum for genome. Alternatively,
fluorescent nanoparticles or fluorescent-tagged branched probe DNA may be used for the genome. Rather than
measuring at the same time, it is also effective to sequentially react nanoparticle-tagged probes for mRNA, protein, and
genome and detect them on a time-delimited basis.

[0060]

(Embodiment 3)

Embodiment 3 is case where a tissue-like specimen of aggregated cells, e.g., a tissue slice, is immobilized on a two-
dimensional plane while retaining location information of intracellular material. FIG. 9 (A) is a plan view showing the
cellular constituent material isolation chip of embodiment 3, and (B) is a cross-sectional view in the direction of the
arrow at the A-A position of FIG. 9 (A). The substrate 10 is prepared by freezing in advance, placing the tissue on it,
then freezing and immobilizing one layer of cells, and then peeling. Alternatively, frozen cellular tissue may be made
into a 2 pm thick section using a microtome and placed into a compartment 5 of the substrate 10. In embodiment 3,
since it is intended for tissue-like specimens in which cells are aggregated, instead of providing cell unit compartments
5 as in embodiments 1 and 2, a compartment 5 capable of accommodating tissue-like specimens was created. The other
aspects can be the same as in either embodiment 1 or 2, but in FIG. 9, the other aspects were made the same as in
embodiment 2. Namely, simultaneous detection of EpCAM mRNA and proteins is performed using indexing probes
comprising 10 nm gold particles bonded to the probe for EpCAM mRNA sequences and indexing probes comprising 20
nm gold particles bonded to an RNA aptamer that binds to EpCAM protein. When an attempt is made to detect EpCAM
mRNA, 10 nm gold particles, believed to have bonded to the mRNA from EpCAM in a specified cell layer 81 of the
tissue fragment 80, and 20 nm gold particles, believed to have bonded to EpCAM protein, are detected. The result
obtained is that nothing is detected from the other location 82, or the number of gold nanoparticles detected therefrom
is 1/100 or less as compared to the location of the cell 81.

[0061]

In the present invention, cells are observed as being projected onto a two-dimensional plane, so even when there are
multiple cells, it is preferable that they be in a single layer. If there are two or more layers, the cellular constituent
material of each layer will overlap, so the expected information cannot be obtained.

(Embodiment 4)

Embodiment 4 uses the cellular constituent material isolation chip shown in FIG. 10, which can retain multiple cells
in separate compartments while maintaining interaction between the cells, similarly to embodiment 1. Here, the
description will focus mainly on the aspects that differ from FIG. 1. In the area of compartment 5 (approximately 0. 05
mm % 0. 05 mm), different probes 5-1 are applied in spots. Here, a system will be described in which a total of 16 probes
are created at 10 um so as to form spots of about 5 pm. By using an inkjet, the spot diameter can be reduced to about 1
um, so by creating spots at a pitch of 2 um, it is possible to create a chip that can measure up to about 500 parameters
simultaneously. Moreover, this chip can measure multiple cells individually. First, a cell 7 is arranged in each
compartment 5 and cultured for a set period of time to create a network between cells and form an artificial tissue
consisting of the cells arranged on the chip. The member 4 that demarcates the individual cell compartments is made of
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agarose gel, and after the cells have been put into place, the areas between the compartments are heated with a laser to
remove the agarose from this area and form a tunnel 6, in this way allowing arbitrary cells to be made to interact in an
arbitrary order. Of course, it is also possible to create the cell retention compartments in advance using a photocurable
resin such as SU-8. In this case, the flow paths 6 are also prepared in advance.

[0062]

In the steps described below, in order to prevent the diffusion of biological material as much as possible, it is best to
fabricate a chip with sub-compartments 5-2 of SU-8, as shown in FIG. 11 in advance, creating a structure in which
agarose gel thin film 4 is present between the individual compartments. Sub-compartments 5-2 of SU-8 have slits 5-3
that open in four directions, and when a groove 6 in which agarose has been removed is created between compartments
5-2, the cells 7 arranged in the compartments can create junctions 7-1 with each other using the slits 5-3 and grooves 6.
[0063]

The cells are then destroyed using UV light. In this state, especially if a biological material immobilization operation
is not carried out, the biological material will spread inside the sub-compartment 5-2 demarcated essentially by SU-8.
Since a demarcation of SU-8 is present, leakage of biological material outside the compartment can be minimized.
Incubation is performed for a set period of time, or else a predetermined voltage is applied to the electrode 2, as described
in embodiment 1, inducing affinity-bonding of the biological material to the probes 5-1 arranged in the compartment 5.
Namely, materials corresponding to the 16-parameter probe will be captured at the spot locations on the substrate. The
captured biological material is further classified and labeled with nanoparticle labeled probes, and the particles are
counted with a scanning electron microscope or an interatomic force microscope.

[0064]

For example, three types of capture probes are immobilized as a mixture in each spot, and detection DNA probes
corresponding to each capture probe are used, being labeled with nanoparticles in 10 combinations of different particle
diameters and different materials. Namely, there are 16 x 10 types of DNA probes for detection, and each of the 16 types
is a mixture of groups labeled with 10 types of nanoparticles of different particle diameters. Various particle diameters
such as 10, 20, 30, 40, 50 nm are utilized. If gold and silver are used as materials, there will be a total of 10 types of
labels.

[0065]

For example, the cell arranged in compartment 5 is destroyed with UV light following the embodiments described
above, the mRNA is allowed to hybridize for 2 hours, then a nanoparticle-labeled DNA probe mixture is added, and is
allowed to hybridize for 2 hours to mRNA groups thinly disposed on the substrate surface. After washing and drying,
the numbers of the 10 types of nanoparticles on each spot can be counted by comprehensively scanning the nanoparticles
bonded to the surface of each compartment 5 with a scanning electron microscope. As a result, it becomes possible to
quantitatively analyze 160 items of mRNA per cell.

[0066]

A system utilizing aptamers as the material to be immobilized in spots for proteins or glycoproteins synthesized inside
a cell will be described. For aptamers corresponding to the proteins and glycoproteins of each measurement parameter,
in the present embodiment, DNA aptamers are used. Regarding the preparation method for DNA aptamers, these are
prepared by the SELEX method, following known examples (J. Clin. Invest. 98, 2688—2692 (1996), Nucleic Acids Res.
24, 702—706 (1996)). Each aptamer is applied in spots in all the compartments 5 demarcated by an SU-8 structure 5-2.
Since the aptamers have an amino group introduced at the 5’ end, they are immobilized on the substrate using the method
described in embodiment 1. On the substrate, for example, there is immobilized an aptamer for CD62L as described in
the above-mentioned J. Clin. Invest. 98, 2688—2692 (1996) and an aptamer for thrombin as described in Nucleic Acids
Res. 24, 702706 (1996). A cell 7 is inserted into each compartment 5 of the multiple cell compatible chip 1 having an
aptamer spot array (5-1 in FIG. 11) prepared in this manner in all the compartments 5, with gap junctions 5-4 being
formed between them to form a cell network. The cells are destroyed with UV laser and incubated for 30 minutes,
whereupon the proteins and glycoproteins corresponding to the aptamers are captured at each spot in the compartments
5. Next, unreacted biological material is washed away with PBS (pH 7.4) containing 0. 05% Tween 20 and 10 mg/ml
BSA. A mixture of nanoparticle labeled antibodies of various particle diameters suspended in the same solution is added
to the surface of the substrate 1 and allowed to react for 15 minutes.
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Each antibody is individually labeled with gold nanoparticles of different particle diameters for each type. Here, the
particles binding to the antibody corresponding to CD62L are 20 nm gold nanoparticles. After the reaction, upon
determining if gold nanoparticles of this particle diameter are present, 20 nm gold nanoparticles are measured at
locations where aptamer for CD62L had been applied in spots. At other spot locations, only a background level number
was counted.

[Sequence Listing]

SEQUENCE LISTING

<110> Onchip Cellomics Consortium

<120> A preparation chip and a preparation system for materials composed in a cell and analysis methods for materials
composed in a cell

<130> NT05P0453

<160> 2

<210>1

<211> 50

<212> DNA

<213> Artificial Sequence

<400> 1

cgaagcacct ctgatgcagg aggattctct gagtcataga agaagatttt50

<210>2

<211>79

<212> DNA

<213> Atrtificial Sequence

<220>

<223> n indicates random sequence of a ¢ g and t

<400> 2

taatacgact cactataggg agacaa nnnn nnnnnnnnnn NNnNNNNNNN nNhnnnnnnnn nonnnnttcg acaggagget cacaacagg79

[Brief description of the drawings]

[0067]

[FIG. 1] is a plan view showing the cellular constituent material isolation chip of embodiment 1, and (B) is a cross-
sectional view in the direction of the arrow at the A-A position of FIG. 1 (A).

[FIG. 2] mainly relates to a cellular constituent material isolation chip for floating cells, where (A) is a cross-sectional
view of a cell arranged in a compartment 5 sandwiched between two substrates 1, 1°, (B) schematically illustrates the
process whereby the cell in the compartment 5 is destroyed by a pulsed laser 21, and at the same time, a power supply
60 is used to apply an electric field (1. 2V) between the electrodes 2, 2', drawing nucleic acids 23, such as mRNA and
DNA, in the direction of the positive electrode 2, and (C) schematically illustrates the state where time has elapsed since
the state of FIG. 2 (B).

[FIG. 3] relates to a cellular constituent material isolation chip for adherent cells, where (A) is a cross-sectional view of
a state in which a cell has been arranged in a compartment 5 sandwiched between two substrates 1, 1’, (B) schematically
illustrates the process whereby the cell in the compartment 5 is destroyed by a pulsed laser 21, and at the same time, a
power supply 60 is used to apply an electric field (1. 2V) between the electrodes 2, 2’, drawing nucleic acids 23, such
as mRNA and DNA, in the direction of the positive electrode 2 and pulling proteins away from the substrate bottom
surface, and (C) schematically illustrates the state where time has elapsed since the state of FIG. 2 (B) and the nucleic
acids 23 have hybridized to the probes 20.

[FIG. 4] is a diagram intended to explain a method for identifying mRNA groups captured on the poly T probes 20 on
the surface of an electrode 2.

[FIG. 5] is a diagram schematically illustrating how the labels 31’, 32', 33’ of mRNA immobilized on the probes 22 on
an electrode 2 can be recognized in a two-dimensional plane in relation to the contour 41 of the cell 22.

[FIG. 6] is another example diagram schematically illustrating labels of mRNA immobilized on the electrode 2.
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[FIG. 7] (A) is a plan view showing the cellular constituent material isolation chip of embodiment 2, and (B) is a cross-
sectional view in the direction of the arrow at the A-A position of FIG. 6 (A).
[FIG. 8] is a diagram of another example schematically illustrating labels of mRNA immobilized on a substrate.
[FIG. 9] (A) is a plan view illustrating the cellular constituent material isolation chip of embodiment 3, and (B) is a
cross-sectional view in the direction of the arrow at the A-A position of FIG. 8 (A).
[FIG. 10] is a plan view illustrating the cellular constituent material isolation chip of embodiment 3.
FIG. 11] is a plan view illustrating a modified example of the cellular constituent material isolation chip of embodiment
3.
[Description of reference symbols]
[0068]

1 [J quartz substrate; 1’ [] glass substrate; 2 [] transparent electrode; 2' [ counter electrode; 3 [] extraction electrode;
4, 4-1, 4-2 [ agarose gel membrane; 5 [] compartment; 6, 6'L] groove; 7 [ cell; 8 [] spacer; 9 [] agarose membrane for
cell attachment prevention; 10 [ substrate; 20 [] probe; 21 [ pulse laser; 22, 22' [ cell; 23 [ nucleic acid; 25 [ protein;
60 [ power supply; 31, 32, 33 [ labeled probe; 31, 32', 33 [ label; 41 [J cell boundary; 42 [] nucleus boundary; 43,
44, 45, 46 [1 gold nanoparticles; 43', 44’ [] particles that recognize small amounts of intron sequences; 51 [] cell
membrane; 52 [ nuclear membrane; 55, 56 [] gold nanoparticles; 61, 62, 63 [] marker; 80 [ tissue fragment; 81 [
specified cell layer; 82 [ other location of the tissue fragment.

[FIG. 1] [FIG. 2]
FIG. 1 FIG. 2
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[Written amendment of proceedings]

[Submission date] December 7, 2005 (2005.12.7)

[Amendment of proceedings 1]

[Title of document to be amended] Specification

[Title of section to be amended] 0066

[Method of amendment] Modification

[Content of amendment]

[0066]

A system utilizing aptamers as the material to be immobilized in spots for proteins or glycoproteins
synthesized inside a cell will be described. For aptamers corresponding to the proteins and glycoproteins of
each measurement parameter, in the present embodiment, DNA aptamers are used. Regarding the preparation
method for DNA aptamers, these are prepared by the SELEX method, following known examples (J. Clin.
Invest. 98, 2688—2692 (1996), Nucleic Acids Res. 24, 702—706 (1996)). Each aptamer is applied in spots in
all the compartments 5 demarcated by an SU-8 structure 5-2. Since the aptamers have an amino group
introduced at the 5" end, they are immobilized on the substrate using the method described in embodiment 1.
On the substrate, for example, there is immobilized an aptamer for CD62L as described in the above-
mentioned J. Clin. Invest. 98, 2688—2692 (1996) and an aptamer for thrombin as described in Nucleic Acids
Res. 24, 702—-706 (1996). A cell 7 is inserted into each compartment 5 of the multiple cell compatible chip 1
having an aptamer spot array (5-1 in FIG. 11) prepared in this manner in all the compartments 5, with gap
junctions 5-4 being formed between them to form a cell network. The cells are destroyed with UV laser and
incubated for 30 minutes, whereupon the proteins and glycoproteins corresponding to the aptamers are
captured at each spot in the compartments 5. Next, unreacted biological material is washed away with PBS
(pH 7.4) containing 0. 05% Tween 20 and 10 mg/ml BSA (pH 7. A mixture of nanoparticle labeled antibodies
of various particle diameters suspended in the same solution is added to the surface of the substrate 1 and
allowed to react for 15 minutes. Each antibody is individually labeled with gold nanoparticles of different
particle diameters for each type. Here, the particles binding to the antibody corresponding to CD62L are 20
nm gold nanoparticles. After the reaction, upon determining if gold nanoparticles of this particle diameter are
present, 20 nm gold nanoparticles are measured at locations where aptamer for CD62L had been applied in
spots. At other spot locations, only a background level number was counted.

[Sequence Listing]

SEQUENCE LISTING

<110> Onchip Cellomics Consortium

<120> A preparation chip and a preparation system for materials composed in a cell and analysis methods for
materials composed in a cell

<130> NTO05P0453

<160>2

<210>1

<211>50

<212>DNA

<213> Artificial Sequence

<220>

<221>

<223> Synthesized DNA

<400> 1

cgaagcacct ctgatgcagg aggattctct gagtcataga agaagattttS0

<210>2

<211>89

<212>DNA

<213> Artificial Sequence

<220>
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<221>

<223> n stands for random sequence of a c g and t

<400> 2

taatacgact cactataggg agacaannnn nnnnnnnnnn NNNNNNNNNN NNMNNNNNNNN
nnnnnnttcg acaggaggct cacaacagg89
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