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(57) ABSTRACT 

The present invention provides a biosensor having a high 
current response Sensitivity, a low blank response and a high 
Storage Stability. This Sensor comprises an electrode System 
including a working electrode and a counter electrode, for 
forming an electrochemical measurement System by coming 
in contact with a Supplied Solution; an insulating Supporting 
member for Supporting the electrode System; a first reagent 
layer formed on the working electrode, and a Second reagent 
layer formed on the counter electrode, wherein the first 
reagent layer does not contain an enzyme, but it contains at 
least an electron mediator, and the Second reagent layer does 
not contain an electron mediator, but it contains at least an 
enzyme. 
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BIOSENSOR 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a biosensor for 
rapid quantification of a Substrate contained in a Sample with 
high accuracy. 
0002 Conventionally, methods using polarimetry, colo 
rimetry, reductimetry and a variety of chromatography have 
been developed as the measure for quantitative analysis of 
SugarS Such as Sucrose and glucose. However, those con 
ventional methods are all poorly Specific to Sugars and hence 
have poor accuracy. Among them, the polarimetry is simple 
in manipulation, but it is largely affected by the temperature 
during the manipulation. Therefore, this method is not 
Suitable for Simple quantification of Sugars at home by 
ordinary people. 

0003. In recent years, a variety of biosensors have been 
developed which best utilize a specific catalytic action of 
enzymes. 

0004. In the following, a method of quantitative analysis 
of glucose will be explained as an example of the method for 
quantifying a Substrate contained in a Sample. Convention 
ally known electrochemical quantification of glucose 
includes a method using a combination of glucose oxidase 
(EC 1.1.3.4: hereinafter abbreviated to “GOD") as an 
enzyme with an oxygen electrode or a hydrogen peroxide 
electrode (see “Biosensor' ed. by Shuichi Suzuki, Kodan 
sha, for example). 
0005 GOD Selectively oxidizes f-D-glucose as a Sub 
Strate to D-glucono-6-lactone using oxygen as an electron 
mediator. Oxygen is reduced to hydrogen peroxide during 
the oxidation reaction by GOD in the presence of oxygen. A 
decreased Volume of oxygen is measured by the oxygen 
electrode, or an increased Volume of hydrogen peroxide is 
measured by the hydrogen peroxide electrode. The 
decreased Volume of oxygen or, otherwise, the increased 
Volume of hydrogen peroxide is proportional to the content 
of glucose in the Sample. It is therefore possible to quantify 
glucose based on the decreased Volume of oxygen or the 
increased Volume of hydrogen peroxide. 
0006. In the above method, it is possible to quantify 
glucose in the Sample accurately by using the Specificity of 
the enzyme reaction. However, as Speculated from the 
reaction, this prior art method has a drawback that the 
measurement result is greatly affected by the oxygen con 
centration in the Sample. Hence, in the event where oxygen 
is absent in the Sample, measurement is infeasible. 
0007 Under such a circumstance, a glucose sensor of 
new type has been developed which uses as the electron 
mediator an organic compound or a metal complex Such as 
potassium ferricyanide, a ferrocene derivative and a quinone 
derivative, in place of oxygen in the Sample. The Sensor of 
this type oxidizes the reduced electron mediator resulting 
from the enzyme reaction on a working electrode So as to 
determine the glucose concentration in the Sample based on 
an oxidation current produced by the oxidation reaction. At 
this time, on a counter electrode, the oxidized electron 
mediator is reduced, and a reaction for generating the 
reduced electron mediator proceeds. With the use of such an 
organic compound or metal complex as the electron media 
tor in place of oxygen, it is possible to form a reagent layer 
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by precisely placing a known amount of GOD together with 
the electron mediator in their stable State on the electrode, 
thereby enabling accurate quantification of glucose without 
being affected by the oxygen concentration in the Sample. In 
this case, it is also possible to integrate the reagent layer 
containing the enzyme and electron mediator with an elec 
trode System while keeping the reagent layer in an almost 
dry State, and therefore a disposable glucose Sensor based on 
this technology has recently been noted considerably. A 
typical example of Such a glucose Sensor is a biosensor 
disclosed in Japanese Laid-Open Patent Publication Hei 
3-202764. With Such a disposable glucose sensor, it is 
possible to measure the glucose concentration easily with a 
measurement device by Simply introducing a Sample into the 
Sensor connected detachably to the measurement device. 
The application of Such a technique is not limited to quan 
tification of glucose and may be extended to quantification 
of any other Substrate contained in the Sample. 

0008. In recent years, there has been demand for a 
biosensor having a higher current response Sensitivity and a 
biosensor exhibiting a low response when the Substrate 
concentration is Zero and excellent Storage Stability. The 
response when the Substrate concentration is Zero is here 
inafter referred to as “blank response”. 

BRIEF SUMMARY OF THE INVENTION 

0009. The present invention provides a biosensor com 
prising: an electrode System including a working electrode 
and a counter electrode, for forming an electrochemical 
measurement System by coming in contact with a Supplied 
Sample Solution; an electrically insulating Supporting mem 
ber for Supporting the electrode System; a first reagent layer 
formed on the working electrode, and a Second reagent layer 
formed on the counter electrode, wherein the first reagent 
layer does not contain an enzyme, but it contains at least an 
electron mediator, and the Second reagent layer does not 
contain an electron mediator, but it contains at least an 
enzyme. 

0010. In a preferred mode of the present invention, the 
Supporting member comprises an electrically insulating base 
plate on which the working electrode and the counter 
electrode are formed. 

0011. In another preferred mode of the present invention, 
the Supporting member comprises an electrically insulating 
base plate and an electrically insulating cover member for 
forming a Sample Solution Supply pathway or a Sample 
Solution Storage Section between the cover member and the 
base plate, the working electrode is formed on the base plate, 
and the counter electrode is formed on an inner Surface of 
the cover member So as to face the working electrode. 
0012. It is preferred that the cover member comprises a 
sheet member having an outwardly expanded curved Sec 
tion, for forming a Sample Solution Supply pathway or a 
Sample Solution Storage Section between the cover member 
and the base plate. 
0013 A more preferred cover member comprises a spacer 
having a slit for forming the Sample Solution Supply pathway 
and a cover for covering the Spacer. 

0014. It is preferred that the first reagent layer contains a 
hydrophilic polymer. 
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0015 While the novel features of the invention are set 
forth particularly in the appended claims, the invention, both 
as to organization and content, will be better understood and 
appreciated, along with other objects and features thereof, 
from the following detailed description taken in conjunction 
with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0016 FIG. 1 is a vertical cross-sectional view of a 
glucose Sensor according to one example of the present 
invention. 

0017 FIG. 2 is an exploded perspective view of the 
glucose Sensor, omitting the reagent layers and Surface 
active agent layer therefrom. 
0.018 FIG. 3 is a vertical cross-sectional view of a 
glucose Sensor according to another example of the present 
invention. 

0019 FIG. 4 is an exploded perspective view of the 
glucose Sensor, omitting the reagent layers and Surface 
active agent layer therefrom. 
0020 FIG. 5 is a vertical cross-sectional view of a 
glucose Sensor according to Still another example of the 
present invention. 
0021 FIG. 6 is an exploded perspective view of the 
glucose Sensor, omitting the reagent layers and Surface 
active agent layer therefrom. 
0022 FIG. 7 is a vertical cross-sectional view of a 
glucose Sensor of a comparative example. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0023. A biosensor according to a preferred embodiment 
of the present invention comprises an electrically insulating 
base plate; a working electrode and a counter electrode 
formed on the base plate, a first reagent layer formed on the 
working electrode, and a Second reagent layer formed on the 
counter electrode, wherein the first reagent layer does not 
contain an enzyme, but it contains at least an electron 
mediator, and the Second reagent layer does not contain an 
electron mediator, but it contains at least an enzyme. 
0024. In this biosensor, since an enzyme is not present on 
the working electrode, the electrode reaction on the working 
electrode can never behindered by adsorption of the enzyme 
to the working electrode and the oxidation reaction of the 
reduced electron mediator on the working electrode pro 
ceeds Smoothly, thereby improving the current response 
Sensitivity. Moreover, Since the enzyme and the electron 
mediator are separated from each other, it is possible to 
prevent contact and interaction between the enzyme and the 
electron mediator, thereby Suppressing an increase in the 
blank response and a degradation in the enzyme activity 
during long-time Storage. 
0.025 A biosensor according to another preferred 
embodiment of the present invention comprises an electri 
cally insulating base plate; an electrically insulating cover 
member for forming a Sample Solution Supply pathway or a 
Sample Solution Storage Section between the cover member 
and the base plate; a working electrode formed on the base 
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plate; a counter electrode formed on an inner Surface of the 
cover member So as to face the working electrode, a first 
reagent layer formed on the working electrode; and a Second 
reagent layer formed on the counter electrode, wherein the 
first reagent layer does not contain an enzyme, but it 
contains at least an electron mediator, and the Second reagent 
layer does not contain an electron mediator, but it contains 
at least an enzyme. 

0026. The cover member comprises a sheet member 
having an outwardly expanded curved Section, for forming 
a Sample Solution Supply pathway or a Sample Solution 
Storage Section between the cover member and the base 
plate. 

0027. A more preferred cover member comprises a spacer 
with a slit for forming the Sample Solution Supply pathway 
and a cover for covering the Spacer. 

0028. In such a biosensor, since the first reagent layer and 
Second reagent layer are formed on Separate members, 
respectively, the first reagent layer and Second reagent layer 
having different compositions can be readily Separated from 
each other. Moreover, Since the working electrode and 
counter electrode are formed at opposite positions, the ion 
transfer between the electrodes is facilitated, thereby further 
increasing the current response. 

0029. In a biosensor whose cover member comprises the 
Spacer and cover, Since the physical Strength of the cover is 
enhanced, the first reagent layer and Second reagent layer are 
not brought into contact with each other by an external 
physical pressure, thereby preventing degradation in the 
enzyme activity due to the contact between the enzyme and 
the electron mediator. 

0030. In either of the biosensors of the above-described 
embodiments, it is preferred that at least the first reagent 
layer contains a hydrophilic polymer. Since the hydrophilic 
polymer prevents adsorption of proteins, etc. to the working 
electrode, the current response Sensitivity is further 
improved. Besides, during the measurement, Since the vis 
cosity of a Sample Solution is increased by the hydrophilic 
polymer dissolved in the Sample Solution, the effects of 
physical impact, etc. on the current response are reduced, 
thereby improving the Stability of the current response. 

0031. In the present invention, for the base plate, spacer 
and cover, it is possible to use any material having an 
insulating property and Sufficient rigidity during Storage and 
measurement. Examples of Such a material include thermo 
plastic resins Such as polyethylene, polystyrene, polyvinyl 
chloride, polyamide and Saturated polyester resin, or ther 
mosetting resins Such as a urea resin, melamine resin, phenol 
resin, epoxy resin and unsaturated polyester resin. Among 
these resins, polyethylene terephthalate is preferred in View 
of the adhesiveness to the electrode. 

0032 For the working electrode, it is possible to use any 
conductive material if it is not oxidized itselfin oxidizing the 
electron mediator. For the counter electrode, it is possible to 
use a generally used conductive material Such as palladium, 
Silver, platinum, and carbon. 

0033. As the enzyme, it is possible to use the one suitable 
for the type of a Substrate in the Sample, which is the Subject 
of measurement. Examples of the enzyme include fructose 
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dehydrogenase, glucose oxidase, alcohol oxidase, lactate 
oxidase, cholesterol oxidase, Xanthine oxidase, and amino 
acid oxidase. 

0034) Examples of the electron mediator include potas 
sium ferricyanide, p-benzoquinone, phenazine methoSulfate, 
methylene blue, and ferrocene derivatives. Besides, even 
when oxygen is used as the electron mediator, a current 
response is obtained. These electron mediators are used 
Singly or in combinations of two or more. 
0035) A variety of hydrophilic polymers are applicable. 
Examples of the hydrophilic polymer include hydroxyethyl 
cellulose, hydroxypropyl cellulose, methyl cellulose, ethyl 
cellulose, ethylhydroxyethyl cellulose, carboxymethyl cel 
lulose, polyvinyl pyrrollidone, polyvinyl alcohol, polyamino 
acid Such as polylysine, polystyrene Sulfonate, gelatin and 
its derivatives, polyacrylic acid and its Salts, ploly 
methacrylic acid and its Salts, Starch and its derivatives, and 
a polymer of maleic anhydride or a maleate. Among them, 
carboxymethyl cellulose, hydroxyethyl cellulose and 
hydroxypropyl cellulose are particularly preferred. 
0.036 The following description will explain the present 
invention in further detail by illustrating examples thereof. 

EXAMPLE 1. 

0037. A glucose sensor will be explained as an example 
of a biosensor. 

0.038 FIG. 1 is a vertical cross-sectional view of a 
glucose Sensor of this example, and FIG. 2 is an exploded 
perspective View of the glucose Sensor, omitting the reagent 
layerS and Surface active agent layer therefrom. 
0.039 First, a silver paste was printed on an electrically 
insulating base plate 1 made of polyethylene terephthalate 
by Screen printing to form leads 2 and 3 and the base of 
later-described electrodes. Then, a conductive carbon paste 
containing a resin binder was printed on the base plate 1 to 
form a working electrode 4. This working electrode 4 was in 
contact with the lead 2. Further, an insulating paste was 
printed on the base plate 1 to form an insulating layer 6. The 
insulating layer 6 covered the peripheral portion of the 
working electrode 4 So that a fixed area of the working 
electrode 4 was exposed. Next, a counter electrode 5 was 
formed by printing a conductive carbon paste containing a 
resin binder So as to be in contact with the lead 3. 

0040. A first acqueous solution containing potassium fer 
ricyanide as an electron mediator and no enzyme was 
dropped on the working electrode 4 of the base plate 1 and 
then dried to form a first reagent layer 7. Besides, a Second 
aqueous Solution containing GOD as an enzyme and no 
electron mediator was dropped on the counter electrode 5 of 
the base plate 1 and then dried to form a Second reagent layer 
8. Further, in order to achieve Smooth Supply of a Sample, a 
layer 9 containing lecithin as a Surface active agent was 
formed So as to cover the first reagent layer 7 and Second 
reagent layer 8. 
0041 Finally, the base plate 1, a cover 12 and a spacer 10 
were adhered to each other in a positional relationship as 
shown by the dashed lines in FIG. 2 to fabricate the glucose 
SCSO. 

0042. The spacer 10 to be inserted between the base plate 
1 and the cover 12 has a slit 11 for forming a sample solution 
Supply pathway between the base plate 1 and the cover 12. 
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0043. Since an air vent 14 of the cover 12 communicates 
with this Sample Solution Supply pathway, when the Sample 
is brought into contact with a Sample Supply port 13 formed 
at an open end of the Slit 11, the Sample readily reaches the 
first reagent layer 7 and Second reagent layer 8 in the Sample 
Solution Supply pathway because of capillary phenomenon. 
0044 As a comparative example, a glucose Sensor was 
fabricated in the same manner as in Example 1 with the 
exception of the process of forming the reagent layers. FIG. 
7 is a vertical cross-sectional view of the glucose Sensor of 
the comparative example. A reagent layer 30 was formed by 
dropping an aqueous Solution containing GOD and potas 
sium ferricyanide on the working electrode 4 and counter 
electrode 5 and then drying the aqueous Solution. Moreover, 
a layer 9 containing lecithin as a Surface active agent was 
formed on the reagent layer 30. 
0045 Next, with the glucose sensors of Example 1 and 
the comparative example, the concentration of glucose was 
measured using a Solution containing a certain amount of 
glucose as a Sample. The Sample was Supplied to the Sample 
Solution Supply pathway from the Sample Supply port 13 
and, after elapse of a certain time, a Voltage of 500 mV was 
applied to the working electrode 4 using the counter elec 
trode 5 as reference. Since the spacer 10 is interposed 
between the cover 12 and the base plate 1, the strength of the 
Sensor against an external physical pressure is increased. 
Consequently, the Volume of the Sample Solution Supply 
pathway is readily kept constant, and the effects of physical 
preSSure, etc. on the current response are reduced. 
0046) The value of a current which flowed across the 
working electrode 4 and the counter electrode 5 upon the 
application of this Voltage was measured. As a result, in both 
of Example 1 and the comparative example, a current 
response proportional to the glucose concentration in the 
Sample was observed. When the Sample comes into contact 
with the first reagent layer 7, potassium ferricyanide as the 
oxidized form of the electron mediator dissociates into 
ferricyanide ion and potassium ion. The glucose in the 
Sample, the ferricyanide ion dissolved in the Sample from the 
first reagent layer 7 and the GOD dissolved in the sample 
from the Second reagent layer 8 react. As a result, the 
glucose is oxidized into glucono lactone, and the oxidized 
form ferricyanide ion is reduced to the reduced form ferro 
cyanide ion. A reaction of oxidizing ferrocyanide ion into 
ferricyanide ion proceeds on the working electrode 4, while 
a reaction of reducing ferricyanide ion into ferrocyanide ion 
proceeds on the counter electrode 5. Since the concentration 
of ferrocyanide ion is proportional to the concentration of 
glucose, it is possible to measure the concentration of 
glucose based on the Oxidation current of the ferrocyanide 
O. 

0047. In comparison with the glucose sensor of the 
comparative example that contains GOD as an enzyme in 
the reagent layer 30 on the working electrode 4, the current 
response was increased in the glucose Sensor of Example 1 
for the following reason. Since the first reagent layer 7 did 
not contain GOD, it was possible to prevent a lowering of 
the current response due to the adsorption of GOD onto the 
working electrode 4. 
0048 Moreover, in comparison with the comparative 
example, the blank response was lowered and the current 
response was not changed So much even after a long-time 
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Storage for the following reason. Since the GOD and potas 
sium ferricyanide were Separated from each other, it was 
possible to prevent contact and interaction between the GOD 
and potassium ferricyanide. Hence, it was possible to Sup 
preSS an increase in the blank response and degradation in 
the enzyme activity during a long-time Storage. 

EXAMPLE 2 

0049 FIG. 3 is a vertical cross-sectional view of a 
glucose Sensor of this example, and FIG. 4 is an exploded 
perspective view of the glucose Sensor, omitting the reagent 
layerS and Surface active agent layer therefrom. 

0050 A working electrode 4 and a lead 2 were formed by 
Sputtering palladium on an electrically insulating base plate 
21. Next, by pasting an insulating sheet 23 on the base plate 
21, the working electrode 4 and a terminal Section to be 
inserted into a measurement device were defined. 

0051 Meanwhile, a counter electrode 5 was formed by 
Sputtering palladium onto the inner wall Surface of an 
outwardly expanded curved Section 24 of an electrically 
insulating cover member 22. An end portion of the curved 
section 24 was provided with an air vent 14. 

0.052 A first acqueous solution containing potassium fer 
ricyanide as an electron mediator and no enzyme was 
dropped on the working electrode 4 of the base plate 21 and 
then dried to form a first reagent layer 7. Besides, a Second 
aqueous Solution containing GOD as an enzyme and no 
electron mediator was dropped on the counter electrode 5 of 
the cover member 22 to form a Second reagent layer 8. 
Further, a layer 9 containing lecithin as a Surface active 
agent was formed on the first reagent layer 7. 

0053 Finally, the base plate 21 and cover 22 were 
adhered to each other to fabricate the glucose Sensor. 
Accordingly, the working electrode 4 and the counter elec 
trode 5 are positioned to face each other with a Space formed 
between the base plate 21 and the curved section 24 of the 
cover member 22 therebetween. This Space Serves as a 
Sample Storage Section and, when a Sample is brought into 
contact with an open end of the Space, the Sample readily 
moves toward the air vent 14 due to capillary phenomenon 
and comes into contact with the first reagent layer 7 and 
Second reagent layer 8. 

0054) Next, the concentration of glucose was measured 
according to the same procedure as in Example 1. AS a 
result, a current response proportional to the concentration 
of glucose in the Sample was observed. The counter elec 
trode 5 was electrically connected by holding an end portion 
of the curved Section 24 with a clip connected to a lead wire. 
0055. In comparison with the glucose sensor of Example 
1, a further increase in the response value was observed in 
the glucose Sensor of Example 2 for the following reason. 
Since the first reagent layer 7 did not contain GOD like 
Example 1 and the working electrode 4 and counter elec 
trode 5 were formed at opposite positions, ion transfer 
between the working electrode 4 and counter electrode 5 
was facilitated. 

0056 Moreover, since the GOD and potassium ferricya 
nide were separated from each other, like Example 1, the 
blank response was lowered and the current response was 
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not changed So much even after a long-time Storage in 
comparison with the comparative example. 

EXAMPLE 3 

0057 FIG. 5 is a vertical cross-sectional view of a 
glucose Sensor of this example, and FIG. 6 is an exploded 
perspective view of the glucose Sensor, omitting the reagent 
layerS and Surface active agent layer therefrom. 
0058 First, a silver paste was printed on an electrically 
insulating base plate 31 made of polyethylene terephthalate 
by Screen printing to form a lead 2. Then, a conductive 
carbon paste containing a resin-binder was printed on the 
base plate 31 to form a working electrode 4. This working 
electrode 4 was in contact with the lead 2. Further, an 
insulating paste was printed on the base plate 31 to form an 
insulating layer 6. The insulating layer 6 covered the periph 
eral portion of the working electrode 4 So that a fixed area 
of the working electrode 4 was exposed. 
0059 Next, a silver paste was printed on the inner surface 
of an electrically insulating cover 32 to form a lead 3, and 
then a conductive carbon paste was printed to form a counter 
electrode 5. Further, an insulating paste was printed to form 
an insulating layer 6. The cover 32 was provided with an air 
vent 14. 

0060 A first acqueous solution containing potassium fer 
ricyanide as an electron mediator and no enzyme was 
dropped on the working electrode 4 of the base plate 31 and 
then dried to form a first reagent layer 7, while a Second 
aqueous Solution containing GOD as an enzyme and no 
electron mediator was dropped on the counter electrode 5 of 
the cover 32 and then dried to form a Second reagent layer 
8. Further, a layer 9 containing lecithin as a Surface active 
agent was formed on the first reagent layer 7. 
0061 Finally, the base plate 31, the cover 32 and a spacer 
10 were adhered to each other in a positional relationship as 
shown by the dashed lines of FIG. 6 to fabricate the glucose 
SCSO. 

0062) The spacer 10 interposed between the base plate 31 
and the cover 32 has a Slit 11 for forming a Sample Solution 
supply pathway between the base plate 31 and the cover 32. 
The working electrode 4 and counter electrode 5 are posi 
tioned to face each other in the Sample Solution Supply 
pathway formed in the slit 11 of the spacer 10. 
0063 Since the air vent 14 of the cover 32 communicates 
with this Sample Solution Supply pathway, when a Sample is 
brought into contact with a Sample Supply port 13 formed at 
an open end of the Slit 11, the Sample readily reaches the first 
reagent layer 7 and Second reagent layer 8 in the Sample 
Solution Supply pathway because of capillary phenomenon. 
0064. Next, the concentration of glucose was measured 
according to the same procedure as in Example 1. As a result 
of the measurement, a current response proportional to the 
concentration of glucose in the sample was observed. 
0065. In the glucose sensor of Example 3, the first reagent 
layer 7 did not contain GOD, and the working electrode 4 
and counter electrode 5 were formed at opposite positions. 
Therefore, like Example 2, the response value was increased 
in comparison with the glucose Sensor of Example 1. 
0066 Moreover, since the GOD and potassium ferricya 
nide were separated from each other, like Example 1, the 
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blank response was lowered and the current response was 
not changed So much even after a long-time Storage in 
comparison with the comparative example. 
0067 Furthermore, since the spacer 10 was interposed 
between the base plate 31 and cover 32, the strength of the 
Sensor against an external physical pressure was enhanced. 
AS a result, the first reagent layer 7 and the Second reagent 
layer 8 were never brought into contact with each other by 
the physical pressure, thereby preventing the current 
response from being varied by the degradation of the 
enzyme activity caused by the contact between GOD and 
potassium ferricyanide. In addition, Since the Volume of the 
Sample Solution Supply pathway was readily kept constant, 
the Stability of the current response was improved in com 
parison with Example 2. 

EXAMPLE 4 

0068. In this embodiment, a glucose sensor was fabri 
cated in the same manner as in Example 3 with the exception 
of the process of forming the first reagent layer 7 and Second 
reagent layer 8. 
0069. A first acqueous solution containing potassium fer 
ricyanide as an electron mediator, carboxymethyl cellulose 
as a hydrophilic polymer and no enzyme was dropped on the 
working electrode 4 of the base plate 31 and then dried to 
form the first reagent layer 7, while a Second aqueous 
Solution containing GOD as an enzyme, carboxymethyl 
cellulose and no electron mediator was dropped on the 
counter electrode 5 of the cover 32 and then dried to form 
the Second reagent layer 8. Moreover, the layer 9 containing 
lecithin as a Surface active agent was formed on the first 
reagent layer 7. 

0070 Next, the concentration of glucose was measured 
according to the same procedure as in Example 1. As a result 
of the measurement, a current response proportional to the 
concentration of glucose in the sample was observed. 
0071. In the glucose sensor of Example 4, the first reagent 
layer 7 did not contain GOD, and the working electrode 4 
and counter electrode 5 were formed at opposite positions. 
Therefore, like Example 2, the current response was 
increased in comparison with the glucose Sensor of Example 
1. 

0.072 Moreover, since the GOD and potassium ferricya 
nide were separated from each other, like Example 1, the 
blank response was lowered and the current response was 
not changed So much even after a long-time Storage in 
comparison with the comparative example. 

0073. Furthermore, since the spacer 10 was interposed 
between the base plate 31 and cover 32, like Example 3, it 
was possible to prevent the current response from being 
varied by the degradation in the enzyme activity caused by 
the contact between GOD and potassium ferricyanide. In 
addition, Since the Volume of the Sample Solution Supply 
pathway was readily kept constant, like Example 3, the 
Stability of the current response was improved in compari 
son with Example 2. 
0.074 Besides, in comparison with Examples 2 and 3, the 
current response was further increased for the following 
reason. The presence of carboxymethyl cellulose in the first 
reagent layer 7 prevented adsorption of proteins to the 
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Surface of the working electrode 4, and hence the electrode 
reaction on the working electrode 4 proceeded Smoothly. 
Furthermore, Since the Viscosity of the Sample was increased 
during the measurement, the effects of physical impact, etc. 
on the Sensor were reduced and variations in the Sensor 
response were decreased. 

0075. In the above-described examples, while a voltage 
of 500 mV was applied to the working electrode 4 using the 
counter electrode 5 as reference, the Voltage is not neces 
sarily limited to 500 mV. Any voltage that enables oxidation 
of the electron mediator reduced with the enzyme reaction 
may be applied. 

0076. In the above-described examples, while the first 
reagent layer 7 contained one kind of electron mediator, it 
may contain two or more kinds of electron mediators. 

0077. The first reagent layer 7 and second reagent layer 
8 may be immobilized on the working electrode 4 or the 
counter electrode 5 so as to insolubilize the enzyme or the 
electron mediator. In the case where the first reagent layer 7 
and Second reagent layer 8 are immobilized, it is preferable 
to use a crosslinking immobilization method or an adsorp 
tion method. Alternatively, the electron mediator and the 
enzyme may be mixed into the working electrode and the 
counter electrode, respectively. 

0078. As the surface active agent, it is possible to use a 
material other than lecithin. Besides, in the above-described 
examples, although the Surface active agent layer 9 was 
formed only on the first reagent layer 7, or on the first 
reagent layer 7 and Second reagent layer 8, the formation of 
the Surface active agent layer 9 is not necessarily limited to 
these examples, and the Surface active agent layer 9 may be 
formed at a position facing the Sample Solution Supply 
pathway, such as a side face of the slit 11 of the spacer 10. 

0079. In the above-described examples, a two-electrode 
System consisting only of the working electrode and counter 
electrode is described. However, if a three-electrode system 
including an additional reference electrode is adopted, it is 
possible to perform a more accurate measurement. 

0080. It is preferred that the first reagent layer and second 
reagent layer are not in contact with each other and are 
Separated from each other with a space therebetween. 
Accordingly, it is possible to further enhance the effect of 
Suppressing an increase in the blank response and the effect 
of improving the Storage Stability. 

0081. As described above, according to the present 
invention, it is possible to obtain a biosensor having a high 
current response, a low blank response and a high Storage 
stability. 

0082 Although the present invention has been described 
in terms of the presently preferred embodiments, it is to be 
understood that Such disclosure is not to be interpreted as 
limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in the art to which the 
present invention pertains, after having read the above 
disclosure. Accordingly, it is intended that the appended 
claims be interpreted as covering all alterations and modi 
fications as fall within the true Spirit and Scope of the 
invention. 
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1. A biosensor comprising: 
an electrode System including a working electrode and a 

counter electrode, for forming an electrochemical mea 
Surement System by coming in contact with a Supplied 
Sample Solution; 

an electrically insulating Supporting member for Support 
ing Said electrode System; 

a first reagent layer formed on Said working electrode, and 
a Second reagent layer formed on Said counter electrode, 
wherein Said first reagent layer does not contain an 

enzyme, but it contains at least an electron mediator, 
and 

Said Second reagent layer does not contain an electron 
mediator, but it contains at least an enzyme. 

2. The biosensor in accordance with claim 1, 
wherein Said Supporting member comprises an electri 

cally insulating base plate on which Said working 
electrode and Said counter electrode are formed. 

3. The biosensor in accordance with claim 1, 
wherein Said Supporting member comprises an electri 

cally insulating base plate and an electrically insulating 
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cover member for forming a Sample Solution Supply 
pathway or a Sample Solution Storage Section between 
Said cover member and Said base plate, 

Said working electrode is formed on Said base plate, and 
Said counter electrode is formed on an inner Surface of 

Said cover member So as to face Said working electrode. 
4. The biosensor in accordance with claim 3, 

wherein Said cover member comprises a sheet member 
having an outwardly expanded curved Section, for 
forming a Sample Solution Supply pathway or a Sample 
Solution Storage Section between said cover member 
and Said base plate. 

5. The biosensor in accordance with claim 3, 

wherein Said cover member comprises a Spacer having a 
slit for forming Said Sample Solution Supply pathway 
and a cover for covering Said Spacer. 

6. The biosensor in accordance with claim 1, 

wherein Said first reagent layer contains a hydrophilic 
polymer. 


