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(57) ABSTRACT

Provided is a material-fixing substrate that does not have to
use copper as a catalyst because the substrate-bonding site
includes a cyclic alkyne to form a covalent bond with a
surface of the substrate, and therefore that can reduce
damage to a cell, for example, in a case where a to-be-fixed
material is the cell. The material-fixing substrate has a
to-be-fixed material fixed thereon via a material-fixing
agent. The material-fixing agent includes: a substrate-bond-
ing site that forms a covalent bond with a surface of the
substrate and includes at least a cyclic alkyne; a hydrophilic
site that is bonded to the substrate-bonding site; a light-
responsive site that is bonded to the hydrophilic site and
changes the skeleton thereof by irradiation with light; and an
attachment site to which the to-be-fixed material is attached.
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MATERIAL-FIXING SUBSTRATE AND
METHOD FOR PRODUCING SAME, AND
MATERIAL-FIXING AGENT USED FOR
MATERIAL-FIXING SUBSTRATE

TECHNICAL FIELD

[0001] The present technology relates to a material-fixing
substrate and a method for producing the same, and a
material-fixing agent used for the material-fixing substrate.
More specifically, the present technology relates to a mate-
rial-fixing substrate and the like capable of reducing physi-
cal property damage to a to-be-fixed material.

BACKGROUND ART

[0002] Technology of a material-fixing substrate is used,
for example, for selection of a rare cell, quality control of a
multifunctional stem cell (such as an iPS cell or an ES cell),
and the like.

[0003] As this technology using a material-fixing sub-
strate, for example, technology is known in which a photo-
degradable linker or a photoisomerization material as a
material-fixing agent is fixed on a surface of the substrate,
and a to-be-fixed material can be attached and detached by
light stimulation.

[0004] As this type of technology using a material-fixing
substrate, technology disclosed in Non-Patent Document 1
is known. In this technology disclosed in Non-Patent Docu-
ment 1, a photoisomerization material having an azobenzene
skeleton as a material-fixing agent is fixed on a substrate.
Specifically, the photoisomerization material is fixed on the
substrate by a click reaction between an alkyne constituting
the photoisomerization material and an azide group modified
to a surface of the substrate.

[0005] In addition, Patent Document 1 discloses that Cu(I)
that catalyzes 1,3-dipolar cycloaddition of a terminal
alkyne-containing azide to provide a stable triazole is used
for tagging various biomolecules including a protein, a
nucleic acid, a lipid, and a monosaccharide. Technology
similar to this technology is also disclosed in Non-Patent
Documents 2 to 6.
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0013] However, in conventional technology using a
material-fixing substrate, particularly in the technology dis-
closed in Non-Patent Document 1, in a case where a
to-be-fixed material is a cell, copper that is toxic to the cell
is used as a catalyst. Therefore, even if the cell can be
detached, the detached cell is damaged disadvantageously.
Furthermore, the detached cell cannot be secondarily used,
for example, for culture after the cell is detached and
recovered.

Solutions to Problems

[0014] The present technology provides a material-fixing
substrate having a to-be-fixed material fixed thereon via a
material-fixing agent, in which the material-fixing agent
includes: a substrate-bonding site that forms a covalent bond
with a surface of the substrate and includes at least a cyclic
alkyne; a hydrophilic site that is bonded to the substrate-
bonding site; a light-responsive site that is bonded to the
hydrophilic site and changes the skeleton thereof by irra-
diation with light; and an attachment site to which the
to-be-fixed material is attached.

[0015] In the material-fixing substrate according to the
present technology, the cyclic alkyne may have a structure
selected from the group consisting of a benzocyclooctynyl
group, a difluorocyclooctynyl group, a dibenzocyclooctynyl
group, an azadibenzocyclooctynyl group, a biarylazacy-
clooctynonyl group, and derivatives thereof.

[0016] In addition, in the material-fixing substrate accord-
ing to the present technology, the light-responsive site may
have one or more structures selected from the group con-
sisting of azobenzene, stilbene, spiropyran, spirooxazine,
fulgide, cinnamate, cinnamoyl, oryzanol, and diarylethene.

[0017] Furthermore, in the material-fixing substrate
according to the present technology, the hydrophilic site may
include polyethylene oxide or polyalkylene oxide.

[0018] In addition, in the material-fixing substrate accord-
ing to the present technology, the material-fixing agent may
have any one structural formula selected from the following
chemical formulas 1 to 7. Here, in the formulas, R* to R® are
each independently selected from the group consisting of a
hydrogen atom, a halogen atom, a hydroxy group, an alkoxy
group, and an alkyl group having 1 to 10 carbon atoms, R’
is the to-be-fixed material, X' is selected from the group
consisting of CH,, C—=0, C—=N—OR'°, C=N—NR'°R™,
CHOR', and CHNHR', X? and X? are each a hydrogen
atom or a halogen atom,

[0019] R'° and R'! are each a hydrogen atom or an alkyl
group having 1 to 10 carbon atoms, j is an integer of 1 to 5,
k is an integer of 2 to 100, 1 is an integer of 1 or 2, m is an
integer of 1 to 3, and n is an integer of 2 to 100.
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[0020] In addition, in the material-fixing substrate accord-
ing to the present technology, the to-be-fixed material may
be at least one selected from the group consisting of an
antibody, collagen, laminin, fibronectin, a protein or a pep-
tide containing a part of the protein, and a saccharide.
[0021] Furthermore, in the material-fixing substrate
according to the present technology, an azide group to be
bonded to the substrate-bonding site may be modified to a
surface of the substrate.

[0022] In addition, the present technology also provides a
material-fixing agent for fixing a to-be-fixed material on a
substrate, including: a substrate-bonding site that forms a
covalent bond with a surface of the substrate and includes at
least a cyclic alkyne; a hydrophilic site that is bonded to the
substrate-bonding site; a light-responsive site that is bonded
to the hydrophilic site and changes the skeleton thereof by
irradiation with light; and an attachment site to which the
to-be-fixed material is attached.

[0023] Furthermore, the present technology also provides
a method for producing a material-fixing substrate, includ-
ing: a modification step of modifying an azide group to a
surface of a substrate; and an application step of applying,
to the substrate, a material-fixing agent including: a sub-
strate-bonding site that forms a covalent bond with a surface
of the substrate and includes at least a cyclic alkyne; a
hydrophilic site that is bonded to the substrate-bonding site;
a light-responsive site that is bonded to the hydrophilic site
and changes the skeleton thereof by irradiation with light;
and an attachment site to which a to-be-fixed material is
attached.

Effects of the Invention

[0024] According to the present technology, copper does
not have to be used as a catalyst because the substrate-
bonding site includes a cyclic alkyne to form a covalent
bond with a surface of a substrate. Therefore, for example,
in a case where a to-be-fixed material is a cell, damage to the
cell can be reduced.

[0025] Note that the effects described herein are not nec-
essarily limited, and may be any of the effects described in
the present technology.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a schematic diagram schematically illus-
trating a first embodiment of a material-fixing substrate
according to the present technology.

‘R4 O O
N. 0 B AN
VAR N N N
x! i n H k !
(6]

[Chemical Formula 7]

HN/R9

[0027] FIG. 2 is a schematic diagram schematically illus-
trating a material-fixing agent included in the material-fixing
substrate illustrated in FIG. 1.

[0028] FIG. 3 is a flowchart illustrating a method for
producing the material-fixing substrate according to the
present technology.

[0029] FIG. 4 is a flowchart illustrating a method for
selecting a to-be-fixed material using the material-fixing
substrate according to the present technology.

[0030] FIG. 5 is a schematic conceptual diagram sche-
matically illustrating the method for selecting a to-be-fixed
material illustrated in FIG. 4.

MODE FOR CARRYING OUT THE INVENTION

[0031] Hereinafter, preferred embodiments for carrying
out the present technology will be described with reference
to the drawings. The embodiments described below exem-
plify representative embodiments of the present technology,
and the scope of the present technology is not narrowly
interpreted by the embodiments. Note that the description
will be made in the following order.

[0032] 1. Material-fixing substrate according to the pres-
ent technology

(1) Substrate

[0033] (2) Material-fixing agent layer

(2-1) Substrate-bonding site

(2-2) Hydrophilic site

(2-3) Light-responsive site

(2-4) Attachment site

(3) To-be-fixed material

[0034] 2. Method for producing material-fixing substrate
according to the present technology

(1) Modification step

(2) Application step

[0035] 3. Method for selecting to-be-fixed material
according to the present technology

(1) To-be-fixed material attachment step

(2) Chemical introduction step

(3) First light irradiation step

(4) Second light irradiation step

(5) Liquid-feeding step

(6) Recovery step

(7) Third light irradiation step
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[0036] <1. Material-Fixing Substrate According to the
Present Technology>

[0037] With reference to FIGS. 1 and 2, a material-fixing
substrate according to the present technology will be
described. A material-fixing substrate 1 according to the
present technology includes a substrate 2 and a material-
fixing agent layer 3. To a surface of this material-fixing
substrate 1, a to-be-fixed material 4 is attached, and the
material-fixing substrate 1 is used for recovering the to-be-
fixed material 4.

[0038] Note that the material-fixing substrate 1 illustrated
in FIG. 1 has a flat plate shape, but may have any shape as
long as the material-fixing agent layer 3 is disposed on a
surface of the substrate 1, and may have another shape, for
example, a particle shape or the like.

[0039] Hereinafter, the substrate 2 and the material-fixing
agent layer 3 will be described.

[0040] (1) Substrate

[0041] The substrate 2 is preferably constituted by a
material having a flat surface and transmitting light, such as
a glass plate, a quartz plate, or various plastic plates, for
example. By using a light-transmitting material, it is pos-
sible to observe the to-be-fixed material 4 irradiated with
light or attached via the substrate 2.

[0042] In addition, in this substrate 2, a surface in contact
with the material-fixing agent layer 3 is attached to a
material-fixing agent constituting the material-fixing agent
layer 3.

[0043] Specifically, an azide group or an aromatic azide
group is modified to a surface of the substrate 2 by a bonding
member such as a silane coupling agent, and the azide group
or the aromatic azide group forms a covalent bond with a
terminal of the material-fixing agent. The to-be-fixed mate-
rial 4 is attached to the material-fixing agent attached in this
way.

[0044] Therefore, the substrate 2 according to the present
technology may have an introduction hole for introducing
the to-be-fixed material 4 into the substrate 2 and a recovery
hole for recovering the to-be-fixed material 4.

[0045] (2) Material-Fixing Agent Layer

[0046] Meanwhile, the material-fixing agent layer 3 is
constituted by a material-fixing agent fixed to the substrate
2. As illustrated in FIG. 2, this material-fixing agent 31
roughly includes a substrate-bonding site 32, a hydrophilic
site 33, a light-responsive site 34, and an attachment site 35.
Each of the sites will be described below.

[0047] (2-1) Substrate-Bonding Site

[0048] The substrate-bonding site 32 is a site for bonding
the substrate 2 to the material-fixing agent 31. This sub-
strate-bonding site 32 preferably includes a group having a
low attachment property to the to-be-fixed material 4 so as
not to inhibit attachment of the to-be-fixed material 4 to a
to-be-fixed material-attaching terminal included in the
attachment site 35. Meanwhile, as a bonding portion to the
substrate 2, the substrate-bonding site 32 preferably includes
a cyclic alkyne easily bonded to an azide group or an
aromatic azide group modified to a surface of the substrate
2 through a click reaction.

[0049] Furthermore, the cyclic alkyne more preferably has
a structure selected from the group consisting of a benzo-
cyclooctynyl group, a difluorocyclooctynyl group, a diben-
zocyclooctynyl group, an azadibenzocyclooctynyl group, a
biaryl azacyclooctynonyl group, and derivatives thereof.
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[0050] Examples of such a substrate-bonding site 32
including at least a cyclic alkyne include those represented
by the following chemical formulas 8 to 18. Note that the
structural formulas illustrated in the following chemical
formulas 8 to 18 are merely examples.

[Chemical Formula 8]

COOH

[Chemical Formula 9]

0 COOH
©/ -
F O COOH

[Chemical Formula 10]

[Chemical Formula 11]

— F
QF
O>
COOH
[Chemical Formula 12]
HO
[Chemical Formula 13]
N;
¢}
O\ y
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[Chemical Formula 16]

[Chemical Formula 17]

[Chemical Formula 18]

MeO OMe
MeO*OMe
[0051] (2-2) Hydrophilic Site
[0052] Next, the hydrophilic site 33 included in the mate-
rial-fixing agent 31 will be described.
[0053] The hydrophilic site 33 is bonded to the substrate-
bonding site 32. This hydrophilic site 33 is not particularly
limited, but for example, preferably includes polyethylene
oxide or another polyalkylene oxide.
[0054] (2-3) Light-Responsive Site
[0055] The material-fixing agent according to the present

technology includes the light-responsive site 34 that is
isomerized by irradiation with light.
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[0056] This light-responsive site 34 is bonded to the
hydrophilic site 33 and includes a group (hereinafter referred
to as “light-responsive group”) that changes the structure
thereof by irradiation with light.

[0057] That is, by irradiation with light, the light-respon-
sive site 34 changes the structure thereof (is isomerized), and
the to-be-fixed material 4 can be thereby recovered from the
substrate 2.

[0058] The light-responsive group is not particularly lim-
ited, but examples thereof include azobenzene, stilbene,
spiropyran, spirooxazine, fulgide, cinnamate, cinnamoyl,
oryzanol, diarylethene, derivatives thereof, and the like.
Among these groups, one or a combination of two or more
can be used. Among these groups, it is preferable to include
azobenzene having a relatively large reaction rate of pho-
toisomerization.

[0059] In addition, in a case where the light-responsive
site 34 has two or more light-responsive groups, the light-
responsive groups can be arranged in series. In such a case,
photoisomerization occurs in at least two or more places by
irradiation with light. As a result, the to-be-fixed material 4
is easily detached from the substrate 2.

[0060] (2-4) Attachment Site

[0061] The material-fixing agent according to the present
technology includes the attachment site 35 that is bonded to
the light-responsive site 34. One end of this attachment site
35 is bonded to the light-responsive site 34, and a terminal
of the attachment site 35 is formed as a to-be-fixed material-
attaching terminal to be bonded to the to-be-fixed material 4.
In order to selectively attach the to-be-fixed material 4 to the
to-be-fixed material-attaching terminal, the to-be-fixed
material-attaching terminal is preferably constituted by a
group having a high attachment property to the to-be-fixed
material 4, and the other portion is preferably constituted by
a group having a low attachment property to the to-be-fixed
material 4.

[0062] The group for forming the to-be-fixed material-
attaching terminal is not particularly limited, and examples
thereof include an ionic functional group such as an amino
group or a carboxyl group, an alkenyl group such as an oleyl
group, a GRGDS sequence (Gly-Arg-Asp-Ser) peptide, a
protein, and the like.

[0063] As the material-fixing agent 31 including the sub-
strate-bonding site 32, the hydrophilic site 33, the light-
responsive site 34, and the attachment site 35 as described
above, those represented by the following chemical formu-
las 19 to 25 are considered.

[0064] Here, in the formulas, R! to R® are each indepen-
dently selected from the group consisting of a hydrogen
atom, a halogen atom, a hydroxy group, an alkoxy group,
and an alkyl group having 1 to 10 carbon atoms, R® is the
to-be-fixed material, X" is selected from the group consist-
ing of CH,, C=0, C=N—OR!?, C=N—NR'°RY,
CHOR', and CHNHR', X? and X? are each a hydrogen
atom or a halogen atom, R'® and R'! are each a hydrogen
atom or an alkyl group having 1 to 10 carbon atoms, j is an
integer of 1 to 5, k is an integer of 2 to 100, 1 is an integer
of 1 or 2, m is an integer of 1 to 3, and n is an integer of 2
to 100.
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[0065] In particular, as the material-fixing agent 31, one
represented by the following chemical formula 26 is pref-
erable.

[Chemical Formula 26]
GRGDS NH,

b

N
6]

jus)

g
e
N

L

[0066] (3) To-be-Fixed Material

[0067] The to-be-fixed material 4 is attached to the mate-
rial-fixing substrate 1 according to the present technology.

[0068] The to-be-fixed material 4 is not particularly lim-
ited, and examples thereof include a cell, an antibody,
collagen, laminin, fibronectin, a protein or a peptide con-
taining a part of the protein, a saccharide, and the like. By
applying the material-fixing substrate of the present tech-
nology to the cell, the antibody, the collagen, the laminin, the
fibronectin, the protein or the peptide containing a part of the
protein, and the saccharide, work of recovering and selecting
the to-be-fixed material 4 can be performed efficiently.

[0069] In the above material-fixing substrate 1 according
to the present technology, the substrate-bonding site 32
includes at least a cyclic alkyne. Therefore, the substrate 2
can be bonded to the material-fixing agent layer 3 without

‘R4 O O
N. 0 B AN
VAR N N N
x! i n H k !
(6]

[Chemical Formula 25]

HN/R9

using copper as a catalyst. Therefore, for example, in a case
where the to-be-fixed material 4 is a cell, damage to the cell
can be reduced, and proliferation ability of the cell can be
thereby maintained. In addition, copper is not required as a
catalyst. Therefore, proliferation ability of a recovered cell
can also be maintained.

[0070] Furthermore, when the azobenzene is irradiated
with ultraviolet light, the azobenzene changes the structure
thereof from a trans-form to a cis-form. Meanwhile, when
the azobenzene is irradiated with visible light, the azoben-
zene causes such a reversible change returning from the
cis-form to the trans-form. Therefore, in a case where the
light-responsive group included in the light-responsive site
34 is azobenzene, the material-fixing substrate 1 according
to the present technology can repeatedly detach and recover
the to-be-fixed material 4 by being alternately and repeat-
edly irradiated with light in an ultraviolet region and light in
a visible region, and use cost of the material-fixing substrate
1 can be thereby reduced.

[0071] <2. Method for Producing Material-Fixing Sub-
strate According to the Present Technology>

[0072] Next, with reference to FIG. 3, a method for
producing the material-fixing substrate according to the
present technology will be described.

[0073] This production method includes at least a modi-
fication step S1 and an application step S2. Each of the steps
will be described below.

[0074] (1) Modification Step

[0075] In this modification step S1, an azide group or an
aromatic azide group (hereinafter referred to as “azide group
or the like”) is modified to a surface of the substrate 2 to
which the material-fixing agent 31 is attached.

[0076] A method for modifying an azide group or the like
is not limited, and a known method can be used. Examples
of the method include a method using a silane coupling
agent. Hereinafter, an example of a modification method will
be described according to an operation procedure. Inciden-
tally, in the following description, a modification step in a
case where the substrate 2 is a glass plate will be described.

[0077] That is, the substrate 2 which is a glass plate is
introduced into acetone, and a surface thereof is cleaned by
ultrasonic treatment. Thereafter, the substrate 2 is taken out
from acetone and dried.
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[0078] Thereafter, the substrate 2 is subjected to oxygen
plasma treatment, and then caused to react with 4 v/v %
(3-bromopropyl) trimethoxysilane/toluene which is a silane
coupling agent overnight.

[0079] Thereafter, the substrate 2 is cleaned with toluene,
ethanol and acetone, and then dried in vacuum. Then, the
substrate 2 is shaken overnight in 50 mM sodium azide/
dimethylformamide.

[0080] Thereafter, the substrate 2 is cleaned with dimeth-
ylformamide, ethanol, and acetone, and then dried in
vacuum. Through these steps, an azide group is modified to
a surface of the substrate 2.

[0081] (2) Application Step

[0082] In the production method according to the present
technology, after a surface of the substrate 2 is azidized in
the modification step S1, the application step S2 in which the
material-fixing agent 31 is applied to the substrate 2 is
performed.

[0083] In this application step S2, a method for applying
the material-fixing agent 31 is not particularly limited, and
a known method can be used.

[0084] Here, in a case where the substrate-bonding site 32
of the material-fixing agent 31 includes a cyclic alkyne, an
azide group or an aromatic azide group modified to a surface
of the substrate 2 and the cyclic alkyne form a covalent
bond. As a result, the material-fixing agent 31 is attached to
the surface of the substrate 2.

[0085] <3. Method for Selecting to-be-Fixed Material
According to the Present Technology>

[0086] Next, a cell selection method using the material-
fixing substrate 1 according to the present technology will be
described.

[0087] This cell selection method includes a to-be-fixed
material attachment step S11, a chemical introduction step
S12, a first light irradiation step S13, a second light irradia-
tion step S14, a liquid-feeding step S15, and a recovery step
S16, and may include a third light irradiation step S17 as
necessary. Bach of the steps will be described below.
[0088] Incidentally, in the following description, a case
where the to-be-fixed material 4 is a cell will be described.
However, the selection method according to the present
technology can be applied even to a case where the to-be-
fixed material 4 is not a cell.

[0089] (1) To-be-Fixed Material Attachment Step

[0090] In the method for selecting a to-be-fixed material
according to the present technology, first, the to-be-fixed
material attachment step S11 is performed.

[0091] In this to-be-fixed material attachment step S11, a
cell 4 is injected into the substrate 2, and the cell 4 is
attached to the substrate 2. For example, treatment such as
centrifugation or incubation is performed to attach the cell 4
to the substrate 2.

[0092] (2) Chemical Introduction Step

[0093] After the to-be-fixed material attachment step S11
is performed, the chemical introduction step S12 for intro-
ducing a specific chemical to the substrate 2 is performed.
[0094] In this chemical introduction step S12, a chemical
harmful to the non-recovery target cell 4 is introduced into
the substrate 2. The type of this chemical is not particularly
limited, and one known substance or a combination of two
or more known substances may be used depending on the
type of the cell 4. For example, in a case where the
to-be-fixed material 4 is a human chronic myeloid leukemia

Oct. 8, 2020

cell line K562 cell, Imatinib (trade name: Gleevec) which is
a Ber-Abl tyrosine kinase inhibitor can be used.

[0095] By this chemical introduction step S12, for
example, a non-recovery target cell 45 (cell indicated by a
black circle in FIG. 5) is killed, and a recovery target cell 4a
(cell indicated by a white circle in FIG. 5) is not killed and
can be recovered in the recovery step S16.

[0096] (3) First Light Irradiation Step

[0097] After the chemical introduction step S12 is per-
formed, the first light irradiation step S13 for irradiating the
cell 45 that has been killed in the chemical introduction step
S12 with light is performed.

[0098] In this first light irradiation step S13, the non-target
cell 45 is irradiated with light in a wavelength band inducing
photoisomerization of a light-responsive group of the light-
responsive site included in the material-fixing agent 31,
corresponding to the type of the light-responsive group.

[0099] For example, in a case where the light-responsive
group includes a structure of azobenzene, since the azoben-
zene strongly absorbs light in an ultraviolet region, the
wavelength of light for irradiation is preferably within a
range of 10 to 400 nm, and more preferably within a range
of 340 to 380 nm.

[0100] In this first light irradiation step S13, the exposure
intensity of light for irradiation only needs to be within a
range that induces photoisomerization in the light-respon-
sive site 34 and does not damage the cell 4. For example, in
a case where light has a wavelength of 365 nm, the exposure
intensity is preferably within a range of 1 to 1000 mW/cm?.

[0101] In addition, irradiation time of light only needs to
be within a range that induces photoisomerization in the
light-responsive site 34 and does not damage the cell 4, and
is 10 seconds to 30 minutes, for example.

[0102] Furthermore, an irradiation direction of light in the
first light irradiation step S13 can be appropriately set by a
person skilled in the art such that photoisomerization of the
light-responsive group is induced. For example, in a case
where a material of the substrate transmits light, light can be
emitted from the opposite side to a surface on which the
material-fixing agent is fixed. This prevents the light from
being blocked by the cell 4, and photoisomerization can be
performed more efficiently.

[0103] In this first light irradiation step S13, the light-
responsive site 34 of the material-fixing agent 31 attached to
the non-target cell 4 is photoisomerized. Therefore, a bond
between the non-target cell 4 and the attachment site 35 is
broken. As a result, the non-target cell 4 is detached from the
substrate 2.

[0104] Here, in a case where the light-responsive group is
azobenzene, by irradiation with light in an ultraviolet region,
the azobenzene is isomerized from a trans-form to an
unstable cis-form. As a result, a bond between the non-target
cell 4 and the attachment site 35 is broken.

[0105] In this first light irradiation step S13, a method for
irradiating the non-target cell 45 with light is not particularly
limited, and a known method can be used.

[0106] Examples of the method include a method for
selectively controlling a light irradiation position by dispos-
ing a liquid crystal shutter between a light source for
performing irradiation with light and the substrate 2 and
applying voltage to the liquid crystal shutter to control light
transmittance, for example.
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[0107] (4) Second Light Irradiation Step S14

[0108] In the selection method according to the present
technology, after the first light irradiation step S13 is per-
formed, the second light irradiation step S14 is performed.
[0109] In this second light irradiation step S14, the sub-
strate 2 to which only the target cell 4a is attached is
irradiated with light in a wavelength band inducing photoi-
somerization of a light-responsive group of the light-respon-
sive site included in the material-fixing agent 31, corre-
sponding to the type of the light-responsive group.

[0110] As in the first light irradiation step S13, for
example, for example, in a case where the light-responsive
group includes a structure of azobenzene, since the azoben-
zene strongly absorbs light in an ultraviolet region, the
wavelength of light for irradiation is preferably within a
range of 10 to 400 nm, and more preferably within a range
of 340 to 380 nm.

[0111] In addition, as in the first light irradiation step S13,
the exposure intensity of light for irradiation in the second
light irradiation step S14 only needs to be within a range that
induces photoisomerization in the light-responsive site 34
and does not damage the target cell 4a. For example, in a
case where light has a wavelength of 365 nm, the exposure
intensity is preferably within a range of 1 to 1000 mW/cm?.
In addition, irradiation time of light only needs to be within
a range that induces photoisomerization in the light-respon-
sive site 34 and does not damage the target cell 4a, and is
preferably 10 seconds to 30 minutes, for example.

[0112] In the second light irradiation step S14, the light-
responsive site 34 of the material-fixing agent 31 attached to
the target cell 4a is photoisomerized. Therefore, a bond
between the target cell 4a and the attachment site 35 is
broken. As a result, the target cell 4a is detached from the
substrate 2.

[0113] (5) Liquid-Feeding Step

[0114] In the selection method according to the present
technology, after the second light irradiation step S14 is
performed, the liquid-feeding step S15 is performed.
[0115] Specifically, a buffer solution is poured into the
substrate 2, and the target cell 4a detached from the substrate
2 in the second light irradiation step S14 is caused to flow
out into the buffer solution to obtain an outflow fraction.
[0116] In this liquid-feeding step S15, a method for feed-
ing a fluid such as a buffer solution is not particularly
limited, and a known method can be adopted. Examples of
the method include a method for feeding the fluid into the
substrate 2 using a known liquid-feeding pump such as a
peristaltic dosing pump, for example.

[0117] (6) Recovery Step

[0118] In the selection method according to the present
technology, after the liquid-feeding step S15 is performed,
the recovery step S16 is performed.

[0119] In this recovery step S16, the outflow fraction that
has flowed out in the liquid-feeding step S15 is recovered as
a recovery fraction. This recovery method is not particularly
limited, and a known method can be adopted.

[0120] (7) Third Light Irradiation Step

[0121] In the selection method according to the present
technology, in a case where the light-responsive site 34
includes a structure of azobenzene, the method preferably
includes the third light irradiation step S17.

[0122] That is, as described above, when azobenzene is
irradiated with ultraviolet light, the azobenzene changes the
structure thereof from a trans-form to a cis-form. Mean-
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while, when the azobenzene is irradiated with visible light,
the azobenzene causes such a reversible change to return
from the cis-form to the trans-form.

[0123] Therefore, in the first light irradiation step S13 and
the second light irradiation step S14, in a case where
azobenzene changes the structure thereof to a cis-form, by
irradiating the azobenzene with visible light in the third light
irradiation step S17, the azobenzene is caused to change the
structure thereof to a trans-form reversibly.

[0124] The wavelength of light to be emitted in this third
light irradiation step S17 is preferably 400 nm or more, and
more preferably within a range of 400 to 500 nm. In
addition, the exposure intensity of light for irradiation in the
third light irradiation step S17 is preferably in a range of 1
to 200 mW/cm?, for example, in a case where the light has
a wavelength of 440 nm. Furthermore, irradiation time of
light is preferably, for example, 5 to 1800 seconds.

[0125] Incidentally, in the flowchart illustrated in FIG. 4,
the third light irradiation step S17 is illustrated so as to be
performed after the recovery step S16. However, if the target
cell 4 is in a state of being detached in the second light
irradiation step S14, for example, the third light irradiation
step S17 may be performed before the liquid-feeding step
S15.

[0126] In addition, it is also known that azobenzene is
isomerized thermally. Therefore, instead of the third light
irradiation step, a step of heating the material-fixing sub-
strate 1 according to the present technology to realize a
structural change of azobenzene may be included. However,
in azobenzene, a reaction rate of photoisomerization is larger
than a reaction rate of thermal isomerization. Therefore, in
order to speed up the method for selecting a to-be-fixed
material, a step of irradiating azobenzene with light is more
preferable.

[0127] According to the above method for selecting a
to-be-fixed material according to the present technology,
since the substrate-bonding site 32 in the material-fixing
substrate 1 includes at least a cyclic alkyne, the substrate 2
can be bonded to the material-fixing agent layer 3 without
using copper as a catalyst. Therefore, for example, in a case
where the to-be-fixed material 4 is a cell, damage to the cell
can be reduced, and proliferation ability of the cell can be
thereby maintained. In addition, copper is not required as a
catalyst. Therefore, proliferation ability of a recovered cell
can also be maintained.

[0128] Furthermore, in a case where the light-responsive
group included in the light-responsive site 34 is azobenzene,
detachment and recovery of the to-be-fixed material 4 can be
repeatedly performed, and use cost can be thereby reduced.
[0129] Incidentally, in the method for selecting a to-be-
fixed material according to the present technology, illus-
trated in FIG. 4, in the chemical introduction step S12, the
non-target to-be-fixed material 4 is excluded, and the target
to-be-fixed material 4 is selected.

[0130] However, the method for selecting the target to-be-
fixed material 4 is not limited to the method by chemical
introduction. For example, a method for pouring a fluid such
as a buffer solution into the substrate 2 separately from the
liquid-feeding step S15, causing a to-be-fixed material that
has not been attached to the substrate 2 in the to-be-fixed
material attachment step S11 to flow out of the substrate 2,
then observing the to-be-fixed material 4 on the substrate 2,
and subjecting the specific to-be-fixed material 4 to the first
light irradiation step S13 is also considered.
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[0131] Note that the material-fixing substrate according to
the present technology can have the following configura-
tions.

[0132] (D)

[0133] A material-fixing substrate having a to-be-fixed
material fixed thereon via a material-fixing agent, in which
[0134] the material-fixing agent includes: a substrate-
bonding site that forms a covalent bond with a surface of the
substrate and includes at least a cyclic alkyne; a hydrophilic
site that is bonded to the substrate-bonding site; a light-
responsive site that is bonded to the hydrophilic site and
changes the skeleton thereof by irradiation with light; and an
attachment site to which the to-be-fixed material is attached.
[0135] (2)

[0136] The material-fixing substrate according to (1), in

which the cyclic alkyne has a structure selected from the
group consisting of a benzocyclooctynyl group, a difluoro-
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cyclooctynyl group, a dibenzocyclooctynyl group, an
azadibenzocyclooctynyl group, a biarylazacyclooctynonyl
group, and derivatives thereof.

[0137] (3)

[0138] The material-fixing substrate according to (1) or
(2), in which the light-responsive site has one or more
structures selected from the group consisting of azobenzene,
stilbene, spiropyran, spirooxazine, fulgide, cinnamate, cin-
namoyl, oryzanol, and diarylethene.

[0139] (4

[0140] The material-fixing substrate according to any one
of (1) to (3), in which the hydrophilic site includes poly-
ethylene oxide or polyalkylene oxide.

[0141] (5)

[0142] The material-fixing substrate according to any one
of (1) to (4), in which the material-fixing agent has any one
structural formula selected from the following chemical
formulas 27 to 33.

[Chemical Formula 27]

pdan)

RY

[Chemical Formula 28]

s

RY
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[Chemical Formula 29]

pdan)

R

[Chemical Formula 30]

pdan)

R

[Chemical Formula 31]
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RrR®
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RG

[0143] In the formulas, R' to R® are each independently
selected from the group consisting of a hydrogen atom, a
halogen atom, a hydroxy group, an alkoxy group, and an
alkyl group having 1 to 10 carbon atoms, R” is the to-be-
fixed material, X" is selected from the group consisting of
CH,, C=0, C=N—OR'®, C=N—NR'’R"'!, CHOR'®, and
CHNHR'®, X* and X> are each a hydrogen atom or a
halogen atom, R'® and R'! are each a hydrogen atom or an
alkyl group having 1 to 10 carbon atoms, j is an integer of
1 to 5, k is an integer of 2 to 100, 1 is an integer of 1 or 2,
m is an integer of 1 to 3, and n is an integer of 2 to 100.
[0144] (6)

[0145] The material-fixing substrate according to any one
of (1) to (5), in which the to-be-fixed material is at least one
selected from the group consisting of an antibody, collagen,
laminin, fibronectin, a protein or a peptide containing a part
of the protein, and a saccharide.

[0146] (7)

[0147] The material-fixing substrate according to any one
of (1) to (6), in which an azide group to be bonded to the
substrate-bonding site is modified to a surface of the sub-
strate.

REFERENCE SIGNS LIST

[0148] 1 Material-fixing substrate
[0149] 2 Substrate

[0150] 4 To-be-fixed material
[0151] 31 Material-fixing agent
[0152] 32 Substrate-bonding site
[0153] 33 Hydrophilic site
[0154] 34 Light-responsive site
[0155] 35 Attachment site
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[Chemical Formula 32]

HN/R9

[Chemical Formula 33]

—R

Y

1. A material-fixing substrate having a to-be-fixed mate-
rial fixed thereon via a material-fixing agent, wherein

the material-fixing agent includes: a substrate-bonding
site that forms a covalent bond with a surface of the
substrate and includes at least a cyclic alkyne; a hydro-
philic site that is bonded to the substrate-bonding site;
a light-responsive site that is bonded to the hydrophilic
site and changes a skeleton thereof by irradiation with
light; and an attachment site to which the to-be-fixed
material is attached.

2. The material-fixing substrate according to claim 1,
wherein the cyclic alkyne has a structure selected from the
group consisting of a benzocyclooctynyl group, a difluoro-
cyclooctynyl group, a dibenzocyclooctynyl group, an
azadibenzocyclooctynyl group, a biarylazacyclooctynonyl
group, and derivatives thereof.

3. The material-fixing substrate according to claim 2,
wherein the light-responsive site has one or more structures
selected from the group consisting of azobenzene, stilbene,
spiropyran, spirooxazine, fulgide, cinnamate, cinnamoyl,
oryzanol, and diarylethene.

4. The material-fixing substrate according to claim 3,
wherein the hydrophilic site includes polyethylene oxide or
polyalkylene oxide.

5. The material-fixing substrate according to claim 4,
wherein the material-fixing agent has any one structural
formula selected from the following chemical formulas (1)
to (7).
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[Chemical Formula 1]
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R

[Chemical Formula 2]
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R

[Chemical Formula 3]
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[Chemical Formula 4]
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[Chemical Formula 5]
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[Chemical Formula 6]
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R2

Rr3
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In the formulas, R* to R® are each independently selected
from the group consisting of a hydrogen atom, a
halogen atom, a hydroxy group, an alkoxy group, and
an alkyl group having 1 to 10 carbon atoms, R® is the
to-be-fixed material, X' is selected from the group
consisting of CH,, C=0, C=N—OR'®, C=N—
NR'°R!, CHOR'®, and CHNHR'®, X? and X? are each
a hydrogen atom or a halogen atom, R*® and R'* are
each a hydrogen atom or an alkyl group having 1 to 10
carbon atoms, j is an integer of 1 to 5, k is an integer
of' 2 to 100, 1 is an integer of 1 or 2, m is an integer of
1 to 3, and n is an integer of 2 to 100.

6. The material-fixing substrate according to claim 5,
wherein the to-be-fixed material is at least one selected from
the group consisting of an antibody, collagen, laminin,
fibronectin, a protein or a peptide containing a part of the
protein, and a saccharide.

7. The material-fixing substrate according to claim 6,
wherein an azide group to be bonded to the substrate-
bonding site is modified to a surface of the substrate.

8. A material-fixing agent for fixing a to-be-fixed material
on a substrate, comprising: a substrate-bonding site that

g 0 0
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[Chemical Formula 7]

forms a covalent bond with a surface of the substrate and
includes at least a cyclic alkyne; a hydrophilic site that is
bonded to the substrate-bonding site; a light-responsive site
that is bonded to the hydrophilic site and changes a skeleton
thereof by irradiation with light; and an attachment site to
which the to-be-fixed material is attached.

9. A method for producing a material-fixing substrate,
comprising:

a modification step of modifying an azide group to a
surface of a substrate; and

an application step of applying, to the substrate, a mate-
rial-fixing agent including: a substrate-bonding site that
forms a covalent bond with a surface of the substrate
and includes at least a cyclic alkyne; a hydrophilic site
that is bonded to the substrate-bonding site; a light-
responsive site that is bonded to the hydrophilic site
and changes a skeleton thereof by irradiation with light;
and an attachment site to which the to-be-fixed material
is attached.



