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(54) PROTECTIVE FILM MATERIAL FOR BIOSENSOR PROBE

(57) The present disclosure provides, as a film struc-
ture useful for a probe of a biosensor, a film structure
comprising a detection layer including an analyte-re-
sponsive enzyme; and a protection film formed on the
detection layer, in which the protection film includes a

copolymer mixture including poly(styrene-ran-4-vinylpy-
ridine-ran-propyleneglycol methacrylate); and poly(4-vi-
nylpyridine)-block-poly(C1-15 alkyl methacrylate), or po-
ly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate).
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Description

Technical Field

[0001] The present disclosure relates to a film material for protecting a probe constituting a biosensor. More specifically,
provided is a polymer material for a protection film that can prevent an enzyme or a mediator constituting a biosensor
probe inserted in the body from flowing out.

Background Art

[0002] A biosensor is a system for measuring a substance by utilizing or imitating a molecular recognition ability of a
living body, a measurement device that, using among combinations of, for example, an enzyme and a substrate, an
antigen and an antibody, a hormone and a receptor, one as an analyte (target substance to be measured), and the other
one as a receptor, converts a chemical change generated by a molecular recognition reaction between the analyte and
the receptor into electric signals with a transducer, and measures an amount of the analyte according to the intensity of
the obtained electric signals.
[0003] Besides the above-described living molecules, living molecules used for a biosensor include genes, sugar
chains, lipids, peptides, cells, and tissues. Among these, development of a biosensor using an enzyme is mostly ad-
vanced, and a representative example thereof is a glucose sensor using glucose oxidase (GOx).
[0004] In an electrochemical glucose sensor used for self monitoring of blood glucose, generally, a cover is disposed
on an insulating substrate in which an electrode is formed on the surface, with a spacer interposed between the cover
and the insulating substrate. A reagent containing an analyte-responsive enzyme, a redox mediator (electron carrier),
or the like is disposed on the electrode, and this part serves as an analysis part. The analysis part communicates with
one end of a flow path for introducing blood, and the other end of the flow path, which becomes a blood supply port,
opens toward the outside. The measurement of the blood glucose level using such a sensor is, for example, carried out
as follows. That is, the sensor is first set to a dedicated measurement device (meter). Then, a fingertip or the like is cut
with a lancet to cause bleeding, and blood is brought into contact with the blood supply port of the sensor. Blood is
absorbed in the flow path of the sensor by capillary phenomenon, introduced into the analysis part through the flow path,
and brought into contact with the reagent. Then, an analyte-responsive enzyme E (for example, GOx, and GDH) spe-
cifically reacts with glucose in the blood to oxidize glucose. A redox mediator M receives electrons generated due to
oxidization. The redox mediator M, which has been reduced by accepting electrons, is electrochemically oxidized in the
electrode. The glucose concentration in the blood, that is, the blood glucose level is simply detected from, for example,
a magnitude of the current value, or a quantity of electric charge obtained by oxidization of a reduced form of the redox
mediator M.
[0005] Such an electrochemical blood glucose sensor plays an important role in blood glucose level management for
diabetes treatment and allows appropriate insulin administration as well as dietary restriction for diabetic patients based
on the blood glucose level. However, such an electrochemical blood glucose sensor requires several times of blood
glucose level measurements a day, and patients are forced to endure pain due to blood collection every time. Thus, it
has been difficult for the patients to maintain the quality of life (QOL).
[0006] An embedded-type amperometric glucose sensor has already been developed. A main body 10 of such an
embedded-type amperometric glucose sensor 1 is attached to a living body 2, a probe part 11 is then inserted in the
living body, and the blood glucose level is continuously measured (Figs. 1 and 2). This allows measurement of blood
glucose level for a long time without collecting blood every time.
[0007] The Ministry of Health, Labor and Welfare issued "telemedicine notification in 1997 (notification No. 1075, dated
on December 24, 1997, issued from the director general of the Health Policy Bureau, Ministry of Health, Labor and
Welfare)" and indicated the basic concept of telemedicine as well as points of attention regarding Article 20 of the Medical
Practitioners’ Act, or the like. Thereafter, the Ministry of Health, Labor and Welfare made an announcement regarding
medical examination using information communication devices, that is, telemedicine, to the prefectural governors on
August 10, 2015, considering the states of development and spread of the information communication devices. The ban
on telemedicine was practically lifted by the notification in 2015 and, in 2016, telemedicine tools, which perform wireless
data communication with a biosensor 1 using an information communication device 3 (smartphone) and a dedicated
application, have been distributed over the world (Fig. 3). A notification (No. 0714-4, issued from the Health Policy
Bureau) was further issued on July 14, 2017 in order to announce and clarify the handling of telemedicine once again.
According to the notification in 2015, in telemedicine, telemedicine that combines information communication devices,
such as video telephone, E-mail, and social networking service does not immediately conflict with Article 20 of the
Medical Practitioners’ Act, or the like, as long as parties who are involved in the telemedicine can be identified to be a
doctor and a patient himself/herself, in the case where the doctor can obtain useful information on the mental and physical
conditions of the patient in a level that can be substituted for the face to face medical examination. The notification in
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2017 will permit further development in telemedicine utilizing information communication devices. Accordingly, it is
expected that the demand for the embedded-type sensor further increases.
[0008] Patent Literature 1 discloses an electrochemical sensor controlling device using a wireless transmitter, the
device being attached to the patient and inserted in the skin. Patent Literature 1 also describes a technique of transmitting
data on an amount of analyte collected to a display unit using a wireless transmitter. Patent Literature 1 also discloses
a film including a heterocyclic nitrogen group such as vinylpyridine, which is attached to such an electrochemical sensor.
These films restrict diffusion of the analyte in a working electrode of the electrochemical sensor. In a glucose sensor
having no film, the amount of glucose flowing into a detection layer is linearly increased along with the glucose concen-
tration. Output signals measured are linearly proportional to the flow amount of glucose until all the glucose that reaches
the detection layer is consumed. However, in a case where consumption of glucose is restricted in the detection layer,
measured signals are not linearly proportional to the flow amount or concentration of glucose, and saturation occurs.
Thus, Patent Literature 1 employs a technique of preventing saturation in the sensor, by forming a diffusion restricting
film including a heterocyclic nitrogen group such as polyvinylpyridine on the detection layer to decrease the amount of
glucose flowing into the detection layer.
[0009] Patent Literature 2 discloses a diffusion barrier including a single block copolymer having at least one hydrophilic
block and at least one hydrophobic block. Similarly to Patent Literature 1, this diffusion barrier controls diffusion of an
analyte from an exterior of an electrode system to enzyme molecules. In addition, such enzyme molecules are immobilized
on an electrode to form an enzyme layer. In a production of such an enzyme layer, for example, as disclosed in Patent
Literature 3, enzyme molecules can be more firmly immobilized by immobilizing an enzyme on a working electrode by
adsorption or capture, and then performing crosslinking with glutaraldehyde or the like.

Citation List

Patent Literature

[0010]

Patent Literature 1: JP 2010-517054 A
Patent Literature 2: JP 2015-515305 A
Patent Literature 3: WO 2007/147475 A

Summary of the Invention

Technical Problem to be solved by the Invention

[0011] In an embedded-type sensor, a probe of the sensor is inserted in a body for a long time, and therefore the case
is increased where an analyte-responsive enzyme or a redox mediator, which is a constituent element of the sensor,
flows out. When the analyte-responsive enzyme or the redox mediator flows out to the outside of the sensor, not only
sensitivity of the sensor is deteriorated, but also flowing out causes damage to the living body. Furthermore, when the
analyte-responsive enzyme or the redox mediator flows out to the outside, durability of the sensor is lowered. It is
therefore very important to take measures to prevent flowing out of the analyte-responsive enzyme or the redox mediator.
[0012] When both the analyte-responsive enzyme and the redox mediator constituting the probe of an embedded-
type biosensor are immobilized in order to prevent flowing out, a combination of the enzyme and the mediator polymer
that can be used, or a structure of the sensor is restricted. Therefore, development of a film that is formed on a detection
layer including the enzyme and/or the redox mediator and that can prevent the enzyme and the redox mediator from
flowing out to the outside is desired. Moreover, such a film must not inhibit an analyte such as glucose from entering
inside. Therefore, an object of the present disclosure is to provide a protection film that does not inhibit an analyte from
entering inside and prevents an enzyme and a redox mediator from flowing out to the outside in order to be applied to
a probe of an embedded-type biosensor.

Means for solving the Problem

[0013] The present disclosure provides, as a film structure useful for a probe of a biosensor, a film structure including:

a detection layer including at least an analyte-responsive enzyme and a redox mediator; and
a protection film formed on the detection layer, in which
the protection film includes a copolymer mixture including:
poly(4-vinylpyridine)-block-poly(C1-15 alkyl methacrylate) represented by Formula (1):
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where R represents an alkyl group having 1 to 15 carbon atoms; p and q each represent repeating units of two
types of monomer units of 4-vinylpyridine and C1-15 alkyl methacrylate; and w represents a number average
molecular weight, or
poly (4-vinylpyridine)-block-poly(C1-15 alkyl methacrylate) represented by Formula (1); and
poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) represented by Formula (2):

where s and t each represent mole fractions of two types of monomer units of 4-vinylpyridine and 2-hydroxyethyl meth-
acrylate, and satisfy the relationship s + t = 100; and w represents a number average molecular weight. Note that, the
oblique lines between monomers in the formula indicate that the three types of monomer units are not bonded in the
order described in the formula, but are randomly bonded to each other when excluding deviation caused by reactivity
between monomer units.
[0014] The polymer represented by Formula (1) above is a block copolymer including poly(4-vinylpyridine) and po-
ly(C1-15 alkyl methacrylate). A repeating unit p of 4-vinylpyridine constituting poly(4-vinylpyridine) and a repeating unit
q of alkyl methacrylate constituting poly(C1-15 alkyl methacrylate) may each be set so that the number average molecular
weight of each block constituting the polymer is 50 to 200 3 103, and preferably 60 to 100 3 103.
[0015] In the polymer represented by Formula (1) above, C1-15 alkyl of poly(C1-15 alkyl methacrylate) represents an
alkyl group having 1 to 15 carbon atoms. Examples thereof include a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, an undecyl
group, a dodecyl group, a tridecyl group, a tetradecyl group, a pentadecyl group, and isomers thereof, and a C3-6 alkyl
group is preferred.
[0016] The polymer represented by Formula (2) above is advantageous for enhancing biocompatibility, and is a random
copolymer including 4-vinylpyridine and 2-hydroxyethyl methacrylate as a monomer unit. The mole fraction s of 4-
vinylpyridine is 40 to 80, and preferably 60 to 70. The mole fraction t of 2-hydroxyethyl methacrylate is 20 to 60, and
preferably 30 to 40. Further, s and t need not to be an integer as long as the sum of s and t is 100. Furthermore, the
number average molecular weight of the polymer is 20 to 500 3 103, and preferably 60 to 300 3 103.
[0017] The above-described polymer may be crosslinked with a crosslinking agent such as polyethylene glycol digly-
cidyl ether (PEGDGE).
[0018] The protection film may further contain, for example, poly(2-methoxyethylacrylate) as an additive. This enhances
biocompatibility of the protection film.
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Effects of the Invention

[0019] When a protection film including the polymer for a protection film of the present disclosure is formed on a
detection layer including an enzyme and a mediator constituting a probe of an embedded-type biosensor, it is possible
to avoid inhibiting an analyte such as glucose from entering inside and to prevent the enzyme or the mediator included
in the detection layer from flowing out to the outside.

Brief Description of Drawings

[0020]

Fig. 1 is a schematic view illustrating a state where an embedded-type biosensor is attached to a living body (human
body).
Fig. 2 is a cross-sectional view illustrating an embedded-type biosensor in a state of being attached to a living body
(human body).
Fig. 3 is a schematic view of an embedded-type biosensor that performs wireless communication of measurement
data with a smartphone.
Fig. 4a and 4b show a production step of a probe of an embedded-type biosensor as a specific example of the
present disclosure.
Fig. 5c to 5e show a production step of a probe of an embedded-type biosensor as a specific example of the present
disclosure.
Fig. 6f and 6g show a production step of a probe of an embedded-type biosensor as a specific example of the
present disclosure.
Fig. 7 is a top view on a front side of a probe of an embedded-type biosensor as a specific example of the present
disclosure.
Fig. 8 is a cross-sectional view taken along the line A-A’ of Fig. 7.
Fig. 9 is a cross-sectional view taken along the line B-B’ of Fig. 8.
Fig. 10 is a cross-sectional view taken along the line C-C’ of Fig. 8.
Fig. 11 shows graphs showing glucose response characteristics of probes in which the copolymers or copolymer
mixtures of the present disclosure are used for a protection film.
Fig. 12 shows graphs showing durability of probes in which the copolymer or copolymer mixtures of the present
disclosure are used for a protection film.
Fig. 13 shows graphs showing glucose response characteristics of probes in which the polymers of Comparative
Examples and the conventional polymers are used for a protection film.
Fig. 14 shows graphs showing durability of probes in which the polymers of Comparative Examples and the con-
ventional polymers are used for a protection film.
Fig. 15 shows graphs showing glucose response characteristics of probes in which the polymers of Reference
Examples and the conventional polymers are used for a protection film.
Fig. 16 shows graphs showing durability of probes in which the polymers of Reference Examples and the conventional
polymers are used for a protection film. Modes for Carrying Out the Invention

1. Production method of probe of embedded-type biosensor

[0021] A production method of a probe 11 of an embedded-type biosensor 1, to which the film structure of the present
disclosure is applied, will be described as a specific example. The structure and production method described below
are one of specific examples of the present disclosure, and are not limited to the features described below as long as it
can be used as a probe.

(1) Preparation of insulating substrate

[0022] The embedded-type biosensor 1 includes a main body 10 and a probe 11. The probe 11, having a key shape,
generally includes a sensing part to be inserted in a living body, and a terminal part to be electrically connected with an
internal circuit of the biosensor main body 10. The sensing part is formed thin so as to be inserted in the body, and the
terminal part has a certain size so as to be inserted in the biosensor main body 10 and establish electrical connection.
Therefore, an insulating substrate 111 having a key shape is prepared firstly (Fig. 4a). In the upper part, a top view from
the front side is shown, while in the lower part, a top view from the back side is shown (the same applies hereafter). This
insulating substrate 111 is not particularly limited as long as it is made from a material and has a thickness that can be
used as a probe to be inserted in the living body. For example, polyethylene terephthalate (PET) with a thickness of
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approximately 200 mm can be used.

(2) Formation of conductive thin film

[0023] A conductive thin film 112 is formed by depositing carbon or a conductive metal material selected from the
group consisting of metals such as gold, silver, platinum, and palladium on both sides of an insulating substrate 111 by
sputtering, deposition, ion plating, or the like (Fig. 4b). The thickness of the conductive thin film is preferably 10 nm to
several hundred nm.

(3) Formation of electrode lead

[0024] A groove 113 is formed with a depth that reaches the surface of the insulating substrate 111 by performing
laser drawing on the conductive thin film 112 formed on the front side of the insulating substrate 111. The groove 113
separates a working electrode lead 112a and a reference electrode lead 112b and thus electrically insulates them from
each other (Fig. 5c).

(4) Formation of insulating resist film

[0025] On the front side of the insulating substrate 111, an insulating resist film 116a having an opening is formed in
a part excluding regions used for a working electrode 114 and a reference electrode 115 as well as a working electrode
terminal 114a and a reference electrode terminal 115a to be electrically connected with the main body 10, by sputtering,
screen printing, or the like. On the back side of the insulating substrate 111, an insulating resist film 116b having an
opening is formed in a part excluding regions used for a counter electrode 117 and a counter electrode terminal 117a
to be electrically connected with the main body 10, by sputtering, screen printing, or the like (Fig. 5d). The thickness of
the insulating resist film is preferably 5 to 40 mm.

(5) Formation of reference electrode

[0026] The reference electrode 115 is formed by depositing Ag/AgCl in the opening for the reference electrode of the
resist film 116a formed on the front side of the insulating substrate 111 by screen printing or an inkjet method (Fig. 5e).
The thickness of the reference electrode is preferably 5 to 40 mm.

(6) Formation of detection layer

[0027] A detection layer 118 including conductive particles, an analyte-responsive enzyme, and a redox mediator is
formed by applying a suspension of conductive particles such as carbon particles, an aqueous solution of the analyte-
responsive enzyme, and an aqueous solution of the redox mediator on the working electrode 114 and dried them (Fig.
6f). In the present disclosure, the "analyte-responsive enzyme" refers to a biochemical substance that can specifically
catalyze oxidization or reduction of an analyte. Any biochemical substance can be employed if it can be used for the
purpose of detection in a biosensor. For example, in a case where glucose is used as an analyte, an appropriate analyte-
responsive enzyme is glucose oxidase (GOx), glucose dehydrogenase (GDH), or the like. The "redox mediator" refers
to a redox substance that mediates electron transfer, and plays a role in transferring electrons generated via redox
reaction of the analyte in a biosensor. For example, examples of the redox mediator include, but are not limited to, a
phenazine derivative, and any redox substance may be used as long as it can be used for the purpose of detection in
a biosensor. The thickness of the detection layer is preferably 5 to 80 mm.

(7) Formation of protection film

[0028] A protection film 119 is formed on the both surfaces, side surfaces, and tip of the sensing part by immersing
the sensing part in a solution including a polymer for a protection film (Fig. 6g). The protection film 119 does not cover
the working electrode terminal 114a, the reference electrode terminal 115a, and the counter electrode terminal 117a,
but covers at least the working electrode 114, the reference electrode 115, the counter electrode 117, and the detection
layer 118. The protection film 119 is formed with a length equal to or longer than the length inserted in the living body.
The thickness of the protection film is preferably 5 to 200 mm.

2. Internal structure of probe of embedded-type biosensor

[0029] The internal structure of the probe of an embedded-type biosensor, to which the film structure of the present
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disclosure is applied, will be further described.
[0030] Fig. 8 is a cross-sectional view taken along the line A-A’ of Fig. 7. The conductive thin film 112 is formed on
the both sides of the insulating substrate 111. In the conductive thin film 112 on the front side of the insulating substrate
111, two leads of the working electrode lead 112a and the reference electrode lead 112b are separated and electrically
insulated by the groove 113. A part of the working electrode lead 112a functions as the working electrode 114, and the
detection layer 118 is formed on the working electrode 114. The reference electrode 115 is formed in the opening part
of the insulating resist film 116a, and is electrically connected with the reference electrode lead 112b. The conductive
thin film 112 on the back side of the insulating substrate 111 is a counter electrode lead 112c, and a part of the counter
electrode lead 112c functions as the counter electrode 117.
[0031] Fig. 9 is a cross-sectional view taken along the line B-B’ of Fig. 8. The working electrode 114 is formed on the
front side of the insulating substrate 111, and the detection layer 118 is formed on the working electrode 114. The counter
electrode 117 is formed on the back side of the insulating substrate 111. Furthermore, Fig. 9 shows that the entire
periphery of the sensing part is covered by the protection film 119 of the present disclosure.
[0032] Fig. 10 is a cross-sectional view taken along the line C-C’ of Fig. 8. The working electrode lead 112a and the
reference electrode lead 112b, which are electrically separated by the groove 113, are formed on the front side of the
insulating substrate 111. The insulating resist film 116a is formed on the working electrode lead 112a and the reference
electrode lead 112b. The reference electrode 115 is formed in the opening part of the insulating resist film 116a. The
counter electrode lead 112c is formed on the back side of the substrate 111, and the insulating resist film 116b is formed
on the counter electrode lead 112c. Furthermore, Fig. 9 shows that the entire periphery of the sensing part is covered
by the protection film 119 of the present disclosure.

Examples

[Example 1]

<Production of probe>

(1) Preparation of insulating substrate

[0033] As shown in Fig. 5a, polyethylene terephthalate (PET), (Lumirror R E20, #188, available from Toray Industries,
Inc., 189 mm thick) was cut to prepare an insulating substrate having a key shape.

(2) Formation of conductive thin film

[0034] As shown in Fig. 5b, a conductive thin film (thickness: 30 nm) was formed by depositing gold on both sides of
the insulating substrate by sputtering.

(3) Formation of electrode lead

[0035] As shown in Fig. 5c, a groove was formed with a depth that reaches the surface of the insulating substrate by
performing laser drawing on the conductive thin film formed on the front side of the insulating substrate, thus separating
and electrically insulating a working electrode lead and a reference electrode lead.

(4) Formation of insulating resist film

[0036] As shown in Fig. 5d, on the front side of the insulating substrate, an insulating resist film having an opening
was formed in a part excluding regions used for the working electrode and the reference electrode as well as a working
electrode terminal and a reference electrode terminal to be electrically connected with a main body of an embedded-
type biosensor by screen printing. On the back side of the insulating substrate, an insulating resist film (thickness: 10
to 15 mm) having an opening was formed in a part excluding regions used for a counter electrode and a counter electrode
terminal to be electrically connected with the main body by screen printing.

(5) Formation of reference electrode

[0037] As shown in Fig. 5e, a reference electrode (thickness: 10 to 15 mm) was formed by depositing Ag/AgCl in the
opening for the reference electrode of the resist film formed on the front side of the insulating substrate by screen printing.
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(6) Formation of detection layer

[0038] As shown in Fig. 6f, a conductive thin film that is exposed from the opening part of the insulating resist film
formed on the front side of the insulating substrate was determined to be a working electrode, and a detection layer
(thickness: 15 mm) was formed by applying, on the working electrode, appropriate amounts of a suspension of carbon
particles as conductive particles, an aqueous solution of glucose oxidase (GOx) as an analyte-responsive enzyme for
glucose, and an aqueous solution of a phenazine derivative as a redox mediator and drying them.

(7) Formation of protection film

[0039] As shown in Fig. 6g, a protection film (thickness: 5 to 40 mm) was formed on the both surfaces, side surfaces,
and tip of the sensing part by immersing the sensing part in an ethanol solution containing a crosslinking agent and a
polymer for a protection film.
[0040] More specifically, the probe produced as described above was immersed 6 times at 10 minutes intervals in a
solution in which 600 mg of poly(4-vinylpyridine)-block-poly(2,2-dimethylethyl methacrylate) (Mw/Mn = 1.15; w’ = 77.0-
g-80.0 3 103) [block copolymer (3)] represented by Formula (3):

, and 47 mg of polyethylene glycol diglycidyl ether (PEGDGE) (Mn = 1000) as a crosslinking agent were dissolved in 1
mL of a solvent (ethanol 95%, 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES) buffer solution (10 mM, pH
8) 5%). Thereafter, the probe was dried over 48 hours at room temperature to form a crosslinked protection film, and
thereby a probe A was obtained. The formation conditions of the above-described protection film were summarized in
Table 1.

<Measurement of probe characteristics>

[Glucose response characteristics]

[0041] The probe A was attached to an embedded-type amperometric glucose sensor, and then the probe was placed
in a phosphate-buffered saline solution (PBS, pH 7) at 37°C. To the PBS solution, 50, 100, 200, 300, 400, and 500
mg/dL of glucose was added every 500 seconds in the order of amounts described, and the current response value (nA)
was continuously measured.
[0042] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 11 and summarized in Table 2.

[Durability]

[0043] The probe A was stored in a phosphate-buffered saline solution (PBS, pH 7) at 37°C. The probe A was attached
to an embedded-type amperometric glucose sensor before storage (day 0) and 7 days after storage, and the probe was
placed in a phosphate-buffered saline solution (PBS, pH 7) at 37 C°. To the PBS solution, 50, 100, 200, 300, 400, and
500 mg/dL of glucose was added every 500 seconds in the order of amounts described, and the current response value
(nA) was continuously measured. The response ratio (%) at each concentration was calculated as the current response
value at a glucose concentration of 500 mg/dL on day 0 being 100%.
[0044] Response characteristics 7 days after storage showed high linearity at a glucose concentration of 0 to 500
mg/dL and showed almost no change compared to day 0, and durability was favorable. The result is shown in Fig. 12
and summarized in Table 2.
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[Example 2]

<Production of probe>

[0045] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film and increasing the number of immersions in the crosslinking agent solution.
[0046] More specifically, a protection film was formed in the same manner as in Example 1, except for immersing the
probe produced as described above 9 times at 10 minutes intervals in a solution including 300 mg of poly(4-vinylpyrid-
ine)-block-poly(2,2-dimethylethyl methacrylate) (Mw/Mn = 1.15; w’ = 77.0-g-80.0 3 103) [block copolymer (3)] represented
by Formula (3) and 300 mg of poly(4-vinylpyridine)-block-poly(n-butyl methacrylate) (Mw/Mn = 1.3; w" = 6.0-g-4.5 3 103)
[block copolymer (4)] represented by Formula (4):

in place of 600 mg of poly(4-vinylpyridine)-block-poly(2,2-dimethylethyl methacrylate) (Mw/Mn = 1.15; w’ = 77.0-g-80.0
3 103) [block copolymer (3)] represented by Formula (3) in Example 1, and thus a probe B was obtained. The formation
conditions of the above-described protection film were summarized in Table 1.

<Measurement of probe characteristics>

[Glucose response characteristics]

[0047] The glucose response characteristics of the probe B was measured in the same manner as in Example 1.
[0048] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 11 and summarized in Table 2.

[Durability]

[0049] The durability of the probe B was measured in the same manner as in Example 1.
[0050] Response characteristics 7 days after storage maintained linearity at a glucose concentration of 0 to 500 mg/dL,
and durability was favorable. The result is shown in Fig. 12 and summarized in Table 2.

[Example 3]

[0051] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film and increasing the number of immersions in the crosslinking agent solution.
[0052] More specifically, a protection film was formed in the same manner as in Example 1, except for immersing the
probe produced as described above 9 times at 10 minutes intervals in a solution including 300 mg of poly(4-vinylpyrid-
ine)-block-poly(2,2-dimethylethyl methacrylate) (Mw/Mn = 1.15; w’ = 77.0-g-80.0 3 103) [block copolymer (3)] represented
by Formula (3) and 300 mg of poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) (Mw/Mn = 1.2) [random copolymer
(5)] represented by Formula (5):
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in place of 600 mg of poly(4-vinylpyridine)-block-poly(2,2-dimethylethyl methacrylate) (Mw/Mn = 1.15; w’ = 77.0-g-80.0
3 103) [block copolymer (3)] represented by Formula (3) in Example 1, and thus a probe C was obtained. Formation
conditions of the above-described protection film were summarized in Table 1.

<Measurement of probe characteristics>

[Glucose response characteristics]

[0053] The glucose response characteristics of the probe C was measured in the same manner as in Example 1.
[0054] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 11 and summarized in Table 2.

[Durability]

[0055] The durability of the probe C was measured in the same manner as in Example 1.
[0056] Response characteristics 7 days after storage maintained linearity at a glucose concentration of 0 to 500 mg/dL,
and durability was favorable. The result is shown in Fig. 12 and summarized in Table 2.

[Example 4]

[0057] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film and increasing the number of immersions in the crosslinking agent solution.
[0058] More specifically, a protection film was formed in the same manner as in Example 1, except for immersing the
probe produced as described above 9 times at 10 minutes intervals in a solution including 300 mg of poly(4-vinylpyrid-
ine)-block-poly(2,2-dimethylethyl methacrylate) (Mw/Mn = 1.15; w’ = 77.0-g-80.0 3 103) [block copolymer (3)] represented
by Formula (3) and 300 mg of poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) (Mw/Mn = 1.6) [random copolymer
(6)] represented by Formula (6):

in place of 600 mg of poly(4-vinylpyridine)-block-poly(2,2-dimethylethyl methacrylate) (Mw/Mn = 1.15; w’ = 77.0-g-80.0
3 103) [block copolymer (3)] represented by Formula (3) in Example 1, and thus a probe D was obtained. The formation
conditions of the above-described protection film were summarized in Table 1.
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<Measurement of probe characteristics>

[Glucose response characteristics]

[0059] The glucose response characteristics of the probe D was measured in the same manner as in Example 1.
[0060] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 11 and summarized in Table 2.

[Durability]

[0061] The durability of the probe D was measured in the same manner as in Example 1.
[0062] Response characteristics 7 days after storage maintained linearity at a glucose concentration of 0 to 500 mg/dL
and showed almost no change compared to day 0, and durability was favorable. The result is shown in Fig. 12 and
summarized in Table 2.

[Comparative Example 1]

[0063] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film and increasing the number of immersions in the crosslinking agent solution.
[0064] More specifically, the probe produced as described above was immersed 9 times at 10 minutes intervals in a
solution in which 300 mg of poly(4-vinylpyridine)-block-poly(2,2-dimethylethyl methacrylate) (Mw/Mn = 1.15; w’ = 77.0-
g-80.0 3 103) [block copolymer (3)] represented by Formula (3), 300 mg of poly(4-vinylpyridine) (Mw = 160,000) [P4VP],
and 47 mg of polyethylene glycol diglycidyl ether (PEGDGE) (Mn = 1000) as a crosslinking agent were dissolved in 1
mL of a solvent (ethanol 95%, 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES) buffer solution (10 mM, pH
8) 5%). Thereafter, the probe was dried over 48 hours at room temperature to form a crosslinked protection film, and
thereby a probe E was obtained. The formation conditions of the above-described protection film were summarized in
Table 3.

<Measurement of probe characteristics>

[Glucose response characteristics]

[0065] The glucose response characteristics of the probe E was measured in the same manner as in Example 1.
[0066] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 13 and summarized in Table 4.

[Durability]

[0067] The durability of the probe E was measured in the same manner as in Example 1.
[0068] Response characteristics 7 days after storage decreased to 48% at a glucose concentration of 500 mg/dL, and
durability was poor. The result is shown in Fig. 14 and summarized in Table 4.

[Comparative Example 2]

[0069] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film, increasing the amount of the crosslinking agent, and increasing the number of
immersions in the crosslinking agent solution.
[0070] More specifically, the probe produced as described above was immersed 9 times at 10 minutes intervals in a
solution in which 800 mg of poly(4-vinylpyridine) (Mw = 160,000) [P4VP] and 62 mg of polyethylene glycol diglycidyl
ether (PEGDGE) (Mn = 1000) as a crosslinking agent were dissolved in 1 mL of a solvent (ethanol 95%, 4-(2-hydroxyethyl)-
1-piperazine ethanesulfonic acid (HEPES) buffer solution (10 mM, pH 8) 5%). Thereafter, the probe was dried over 48
hours at room temperature to form a crosslinked protection film, and thereby a probe F was obtained. The formation
conditions of the above-described protection film were summarized in Table 3.
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<Measurement of probe characteristics>

[Glucose response characteristics]

[0071] The glucose response characteristics of the probe F was measured in the same manner as in Example 1.
[0072] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 13 and summarized in Table 4.

[Durability]

[0073] The durability of the probe F was measured in the same manner as in Example 1.
[0074] Response characteristics 7 days after storage decreased to 22% at a glucose concentration of greater than
100 mg/dL, and durability was poor. The result is shown in Fig. 14 and summarized in Table 4.

[Reference Example 1]

[0075] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film, increasing the amount of the crosslinking agent, and increasing the number of
immersions in the crosslinking agent solution.
[0076] More specifically, the probe produced as described above was immersed 12 times at 10 minutes intervals in
a solution in which 800 mg of poly(4-vinylpyridine)-block-poly(n-butyl methacrylate) (Mw/Mn = 1.3; w" = 6.0-g-4.5 3 103)
[block copolymer (4)] represented by Formula (4) and 62 mg of polyethylene glycol diglycidyl ether (PEGDGE) (Mn =
1000) as a crosslinking agent were dissolved in 1 mL of a solvent (ethanol 95%, 4-(2-hydroxyethyl)-1-piperazine
ethanesulfonic acid (HEPES) buffer solution (10 mM, pH 8) 5%). Thereafter, the probe was dried over 48 hours at room
temperature to form a crosslinked protection film, and thereby a probe G was obtained. The formation conditions of the
above-described protection film were summarized in Table 5.

<Measurement of probe characteristics>

[Glucose response characteristics]

[0077] The glucose response characteristics of the probe G was measured in the same manner as in Example 1.
[0078] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 15 and summarized in Table 6.

[Durability]

[0079] The durability of the probe G was measured in the same manner as in Example 1.
[0080] Response characteristics 7 days after storage decreased to 46% at a glucose concentration of greater than
200 mg/dL, and durability was poor. The result is shown in Fig. 16 and summarized in Table 6.

[Reference Example 2]

[0081] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film, increasing the amount of the crosslinking agent, and increasing the number of
immersions in the crosslinking agent solution.
[0082] More specifically, the probe produced as described above was immersed 8 times at 10 minutes intervals in a
solution in which 800 mg of poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) [random copolymer (5)] represented
by Formula (5) and 62 mg of polyethylene glycol diglycidyl ether (PEGDGE) (Mn = 1000) as a crosslinking agent were
dissolved in 1 mL of a solvent (ethanol 95%, 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES) buffer solution
(10 mM, pH 8) 5%). Thereafter, the probe was dried over 48 hours at room temperature to form a crosslinked protection
film, and thereby a probe H was obtained. The formation conditions of the above-described protection film were sum-
marized in Table 5.
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<Measurement of probe characteristics>

[Glucose response characteristics]

[0083] The glucose response characteristics of the probe H was measured in the same manner as in Example 1.
[0084] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 15 and summarized in Table 6.

[Durability]

[0085] The durability of the probe H was measured in the same manner as in Example 1.
[0086] Response characteristics 7 days after storage decreased to 25% at a glucose concentration of greater than
200 mg/dL, and durability was poor. The result is shown in Fig. 16 and summarized in Table 6.

[Reference Example 3]

[0087] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film, increasing the amount of the crosslinking agent, and increasing the number of
immersions in the crosslinking agent solution.
[0088] More specifically, the probe produced as described above was immersed 8 times at 10 minutes intervals in a
solution in which 800 mg of poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) [random copolymer (6)] represented
by Formula (6) and 62 mg of polyethylene glycol diglycidyl ether (PEGDGE) (Mn = 1000) as a crosslinking agent were
dissolved in 1 mL of a solvent (ethanol 95%, 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES) buffer solution
(10 mM, pH 8) 5%). Thereafter, the probe was dried over 48 hours at room temperature to form a crosslinked protection
film, and thereby a probe I was obtained. The formation conditions of the above-described protection film were summa-
rized in Table 5.

<Measurement of probe characteristics>

[Glucose response characteristics]

[0089] The glucose response characteristics of the probe I was measured in the same manner as in Example 1.
[0090] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 15 and summarized in Table 6.

[Durability]

[0091] The durability of the probe I was measured in the same manner as in Example 1.
[0092] Response characteristics 7 days after storage decreased to 32% at a glucose concentration of greater than
200 mg/dL, and durability was poor. The result is shown in Fig. 16 and summarized in Table 6.

[Reference Example 4]

[0093] In the formation of the protection film, a probe was produced in the same manner as in Example 1, except for
changing polymers for a protection film, increasing the amount of the crosslinking agent, and increasing the number of
immersions in the crosslinking agent solution.
[0094] More specifically, the probe produced as described above was immersed 8 times at 10 minutes intervals in a
solution in which 400 mg of poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) [random copolymer (5)] represented
by Formula (5), 400 mg of poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) [random copolymer (6)] represented
by Formula (6), and 62 mg of polyethylene glycol diglycidyl ether (PEGDGE) (Mn = 1000) as a crosslinking agent were
dissolved in 1 mL of a solvent (ethanol 95%, 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES) buffer solution
(10 mM, pH 8) 5%). Thereafter, the probe was dried over 48 hours at room temperature to form a crosslinked protection
film, and thereby a probe J was obtained. The formation conditions of the above-described protection film were sum-
marized in Table 5.
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<Measurement of probe characteristics>

[Glucose response characteristics]

[0095] The glucose response characteristics of the probe J was measured in the same manner as in Example 1.
[0096] High linearity was shown at a glucose concentration of 0 to 500 mg/dL, and glucose response was favorable.
The result is shown in Fig. 15 and summarized in Table 6.

[Durability]

[0097] The durability of the probe J was measured in the same manner as in Example 1.
[0098] Response characteristics 7 days after storage decreased to 30% at a glucose concentration of greater than
200 mg/dL, and durability was poor. The result is shown in Fig. 16 and summarized in Table 6.

[Table 1]

Probe A (w/v) Probe B (w/v) Probe C (w/v) Probe D (w/v)

Copolymer (3) 6% 3% 3% 3%

Copolymer (4) 3%

Copolymer (5) 3%

Copolymer (6) 3%

P4VP

PEGDGE 0.47% 0.47% 0.47% 0.47%

No. of Dips 6 9 9 9

[Table 2]

Probe A Probe B Probe C Probe D

Glucose Addition (mg/dL) Day 0 Day 7 Day 0 Day 7 Day 0 Day 7 Day 0 Day 7

0 0 0 0 0 0 0 0 0

50 8 9 12 9 13 10 10 10

100 18 17 26 17 25 18 24 19

200 37 34 41 30 47 32 45 33

300 58 50 63 42 64 43 63 43

400 78 67 81 51 82 51 81 50

500 100 82 100 68 100 57 100 54

[Table 3]

Probe E (w/v) Probe F (w/v)

Copolymer (3) 3%

Copolymer (4)

Copolymer (5)

Copolymer (6)

P4VP 3% 8%

PEGDGE 0.47% 0.62%

No. of Dips 9 9
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[0099] It was confirmed that using a protection film including the polymer for a protection film of the present disclosure
for a sensing part of a probe yielded favorable glucose response and enhanced durability compared to the conventional
polymers.

Industrial Applicability

[0100] The film structure of the present disclosure, including a detection layer including at least an analyte-responsive
enzyme and a redox mediator, and a protection film formed on the detection layer, is useful for a probe of an embedded-
type biosensor.

[Table 4]

Probe E Probe F

Glucose Addition (mg/dL) Day 0 Day 0 Day 0 Day 7

0 0 0 0 0

50 13 9 10 8

100 24 17 18 14

200 45 30 38 21

300 62 39 57 23

400 80 45 78 23

500 100 48 100 22

[Table 5]

Probe G (w/v) Probe H (w/v) Probe I (w/v) Probe J (w/v)

Copolymer (3)

Copolymer (4) 8%

Copolymer (5) 8% 4%

Copolymer (6) 8% 4%

P4VP

PEGDGE 0.62% 0.62% 0.62% 0.62%

No. of Dips 12 8 8 8

[Table 6]

Probe G Probe H Probe I Probe J

Glucose Addition (mg/dL) Day 0 Day 7 Day 0 Day 7 Day 0 Day 7 Day 0 Day 7

0 0 0 0 0 0 0 0 0

50 12 12 11 7 14 11 10 10

100 22 22 21 13 26 18 19 18

200 43 37 39 22 46 28 37 28

300 62 45 55 24 62 32 54 31

400 81 46 74 24 78 33 73 31

500 100 46 100 25 100 32 100 30
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Reference Signs List

[0101]

1 Embedded-type biosensor
10 Main body
11 Probe
111 Insulating substrate
112 Conductive thin film
112a Working electrode lead
112b Reference electrode lead
112c Counter electrode lead
113 Groove
114 Working electrode
115 Reference electrode
116 Insulating resist
117 Counter electrode
118 Detection layer
119 Protection film
2 Living body
3 Information communication device

Claims

1. A film structure comprising:

a detection layer including at least an analyte-responsive enzyme and a redox mediator; and
a protection film formed on the detection layer,
wherein
the protection film includes a copolymer mixture including:
poly(4-vinylpyridine)-block-poly(C1-15 alkyl methacrylate) represented by Formula (1):

where R represents an alkyl group having 1 to 15 carbon atoms; p and q each represent repeating units of
two types of monomer units of 4-vinylpyridine and C1-15 alkyl methacrylate; and w represents a number
average molecular weight, or
poly (4-vinylpyridine) -block-poly(C1-15 alkyl methacrylate) represented by Formula (1); and
poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) represented by Formula (2):
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where s and t each represent mole fractions of two types of monomer units of 4-vinylpyridine and 2-hydroxyethyl
methacrylate, and satisfy a relationship s + t = 100; and w represents a number average molecular weight.

2. The film structure according to claim 1, wherein the protection film further includes poly(2-methoxyethylacrylate).

3. A probe for a biosensor, the probe comprising:

an insulating substrate;
a conductive thin film formed on both sides of the insulating substrate;
a working electrode formed on the conductive thin film on a front side of the insulating substrate;
a reference electrode formed on the conductive thin film on a front side of the insulating substrate;
a counter electrode formed on the conductive thin film on a back side of the insulating substrate;
a detection layer formed on the working electrode; and
a protection film covering the working electrode, the reference electrode, the counter electrode, and the detection
layer,
wherein
the detection layer includes an analyte-responsive enzyme and a redox mediator; and
the protection film includes a copolymer mixture including:
poly(4-vinylpyridine)-block-poly(C1-15 alkyl methacrylate) represented by Formula (1):

where R represents an alkyl group having 1 to 15 carbon atoms; p and q each represent repeating units of
two types of monomer units of 4-vinylpyridine and C1-15 alkyl methacrylate; and w represents a number
average molecular weight, or
poly (4-vinylpyridine)-block-poly(C1-15 alkyl methacrylate) represented by Formula (1); and
poly(4-vinylpyridine-ran-2-hydroxyethyl methacrylate) represented by Formula (2):
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where s and t each represent mole fractions of two types of monomer units of 4-vinylpyridine and 2-hydroxyethyl
methacrylate, and satisfy a relationship s + t = 100; and w represents a number average molecular weight.



EP 3 766 421 A1

19



EP 3 766 421 A1

20



EP 3 766 421 A1

21



EP 3 766 421 A1

22



EP 3 766 421 A1

23



EP 3 766 421 A1

24



EP 3 766 421 A1

25



EP 3 766 421 A1

26



EP 3 766 421 A1

27



EP 3 766 421 A1

28



EP 3 766 421 A1

29



EP 3 766 421 A1

30



EP 3 766 421 A1

31



EP 3 766 421 A1

32



EP 3 766 421 A1

33



EP 3 766 421 A1

34



EP 3 766 421 A1

35

5

10

15

20

25

30

35

40

45

50

55



EP 3 766 421 A1

36

5

10

15

20

25

30

35

40

45

50

55



EP 3 766 421 A1

37

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2010517054 A [0010]
• JP 2015515305 A [0010]

• WO 2007147475 A [0010]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

