' [ DESCRI PTION] [TI TLE OF | NVENTI ON] CHEM CAL SENSOR [ Techni cal Fi el d]

5[ 0001] The present invention relates to a chem cal sensor that
detects anal ytes such as gas conponents in a gas, viruses, and allergens.
[ Background Art] 10[ 0002] There has hitherto been known an '

el ectrochem cal biosensor test strip in which body fluids s
and fermented or naturally occurring materials are used as mgmmmw%gfthe
sanple is enzymatically reacted with a 15reagent, and then charges
generatedDgﬁgéégﬁé@Néd (see Patent Literature 1). [0003] = — 4% s _
di scl osed that this el ectrochem cal biosensor test stripis formed with a
capi | | ar fTSFaEe OFoANVENTIONMt r oducti on of a sanple using a qmmwmum, I
action, and thus enabling an enzymatic reaction with a reagemiii MMIMH se
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[Technical Field]
5 [0001]

The present invention relates to a chemical sensor
that detects analyteé such as gas components in a gas,
viruses, and allergens.

[Background Art]
10 [0002]

There has hitherto been known an electrochemical
biosensor test strip in which body fluids such as blood,
and fermented or naturally occurring materials are used as
a sample and the sample is enzymatically reacted with a

15 reagent, and then charges thus generated are detected (see
Patent Literature 1).
[0003]

It is disclosed that this electrochemical biosensor

test strip is formed with a capillary space for the

20 introduction of a sample using a capillary action, and thus
enabling an enzymatic reaction with a reagent and precise
determination of charges even in the case of a small amount
of the sample.
[Citation List]

25 [Patent Literature]



'determ nati.on of charges even in the case of a small anmount of the sanple.
[CGtation List] 25[Patent Literature] [0004] [Patent Literature 1] JP
2002-541453 W[ Sumary of Invention] 5[ Technical Problen [0005] In
t he above-nentioned el ectrochem cal biosensor test strip, the sanple should
be liquid due to restrictions on the reaction. Therefore, it is inpossible
to detect 1l0anal ytes such as gas conponents in a gas, viruses, and

all ergens. [0006] In order to detect analytes such as gas conponents in a
gas, viru§884land allergens, it becomes necessary to

[Patent Literature 1]

JP 2002-541453 W
[Summary of Invention]

5 [Technical Problem]

[0005]

In the above-mentioned electrochemical biosensor test
strip, the sample should be liquid due to restrictions on
the reaction._ Therefore, it is impossible to detect

10 analytes such as gas components in a gas, viruses, and
allergens.

[0006]

In order to detect analytes such as gas components in
a gas, viruses, and allergens, it becomes necessary to

15 carry out a pretreatment in which analytes are dissolved in
a liquid. This pretreatment is a complicated treatment
that is carried out using a large-sized apparatus, or
éarried-out by manual labor.

[0007]

20 The present invention has been made in view of the
above problems and an object thereof is to provide a
chemical sensor that can dissolve analytes in a gas in a
ligquid using a simple method.

[Solution to Problem]

25 [0008]



“15carry out a pretreatment in which analytes are dissolved in a |liquid.
This pretreatnent is a conplicated treatnent that is carried out using a
| ar ge- si zed apparatus, or carried out by manual |abor. [0007] 20The present
i nvention has been made in view of the above problens and an object thereof
is to provide a chem cal sensor that can dissolve analytes in a gas in a
liquid using a sinple nmethod. [Solution to Problenj 25[0008] A
chem cal sensor according to the feature of the present invention includes
a sensor suppoft CHERECaA; sgNgay Agcertisg Ko Ehehfeaghrshiadh tdegas
containing an analyte is injected; a sanple collection section in which the
anal yt e bresegitnédvientilba gas liugiesc tte @ emisiosu guppes tgae dtrijaect icorgadwl e i s
col l ected; a sanple delivery section through which the analyte collected in
t he sanpliejecitient hodeséebirooghi sshdelh weged tcond asample areagtdlytesect i on;
t he sanpl e reaction section including a reactant that causes a
pr edet er injed tEd;eactiample thltlleetdna weetdeln der ethitdhr adgh ared yaapl e
delivery section; and a detection section in which the analyte reacted with
t he sr eacicafit aimedhe ns &l gakedetjicet ese¢hiromghs tiel eelednjEe isanpl e
collection section includes a Peltier element that |iquefies water vapor
15cont ai med el A st ke19@sten); eat edmphoWbeh itkeyiasdtliRctdi@bugh which
the analyte collected in the sample collection section is
delivered to a sample reaction section; the sample reaction
section including a reactant that causes a predetermined
10 reaction with the analyte delivered through the sample
delivery section; and a detection section in which the
analyte reacted with the reactant in the sample reaction
section is detected. The sample collection section
includes a Peltier element that liquefies water wvapor
15 contained in the gas injected through the gas injection
hole.
[0009]
According to the feature of the present invention, it
is possible to prepare a solution containing an analyte by
20 liquefying water vapor contained in the gas injected
through the gas injection hole due to the Peltier cooling
effect of the Peltier element. Therefore, it is possible
to collect the solution containing an analyte from the gas

injected through the gas injection hole, in the sample

- 25 collection section.



"hol e. [0009] According to the feature of the present invention,

is possible to prepare a solution containing an anal yte by 20I|quefy|ng

it

wat er vapor contained in the gas injected through the gas injection hole
due to the Peltier cooling effect of the Peltier elenent. Therefore,
possible to collect the solution contai ning an analyte fromthe gas
injected through the gas injection hole, in the sanple 25collection

section.

[ 0010] In the feature of the present invention,

pref er abllP04Me gas injection hole, the sanple collection section, th

sanpl e delivery section,

section are inﬁ@gﬁ@ﬁlieﬁ@MNEdC6ntbﬁeﬁsemsemtshmw@mtisnctpnmfeihnlpby,
m niaturization and wei ght saving are possible, and also it becones
possi bl ethe detsedinjatction todtes. thR0EGmAdDe ncdheetebbur ecof ibhe present
i nvention, the sanple delivery section may have a capillary structure,
one end eahnidlies dedpivielrgr wesitrivet, uthdayamiel €1 Bs&ct OohheePel bhesngl enent .

Ther eby,

it is possible to deliver a solution liquefied by the Peltie

it

e

t he sanpl e reaction section and 5the detection

r

is

and

el esent theodgitsrtdap Iseatty otbpiienamenem-of 1§ heofadl | bArynst s4gtgEe to a
sanpl e reaction

10

15

20

25

support section. Thereby, miniaturization and weight
saving are possible, and also it becomes possible to detect
at low costs.

[0011]

In the feature of the present invention, the sample
delivery_section may have a capillary structure, and one
end of this capillary structure may be close to the Peltier
element. Thereby, it is possible to deliver a solution
liquefied by the Peltier element through a capillary
phenomenon of the capillary structure to a sample reaction
section Without using a special structure.

[0012]

The sample reaction section may include at least any
one of an antibody, an enzyme, a receptor and a protein,
that specifically reacts with the analyte delivered through
the sample delivery section. Thereby, it is possible to
specifically detect the analyte by an antigen-antibody
reaction with the analyte.

[0013]

The sample reaction section may include a heating



'section without using a special structure. [0012] The sanpl e
reaction section may include at | east any one of an antibody, an enzyne, a
receptor and a protein, 20that specifically reacts with the anal yte
delivered through the sanple delivery section. Thereby, it is possible to
specifically detect the analyte by an antigen-antibody reaction with the
anal yte. [0013] 25The sanple reaction section may include a heating

section in which,the an &e del | vere hr ou Bo sanple delivery section
i s heat eBSCGhaRalPelper t% & ABaLYFEnERLIVES g ﬁﬁ uﬂﬁpéﬁetﬁémpgﬁperature
of the analyte is nmeasured. Since _a PCR nethod for anplifying DNAs of the
anal yte @ﬁhlvgrﬁeSESFFPBdléuPeBQeﬁbIBﬂﬂn@ §e§8§6?FP€et@ﬁﬁép§€ﬂﬁ@tcycle to
occur in the analyte, it is possible to detect the analyte with high
senS|t|v$@9t19001ﬂ]Wmh@hdéh@ctﬁwﬁe§ééﬂrénOﬁayhﬁnépééyténlénﬂ@@@&Fe@hat
10binds to the analyte reacted with a reactant, and an el ectrode that
suppor t sStheeaat PERdpethnd fhrsawpbééfyvode EE%Shaﬁetaep@n@&ytgtﬂ@@ture.
Thereby, it is possible to increase an i Mmuobilization area of the anti body,
and5t husbenabrrngdanutnbyeadéowindetespeon fdensetperayureé5c@eles] to
occur in the analyte, it is possible to detect the analyte
with high sensitivity.
[0014]
The detection section may include an antibody that
10 binds to the analyte reacted with a reactant, and an
electrode that supports the antibody, and this electrode
may have a porous structure. Thereby, it is possible to
increase an immobilization area of the antibody, and thus
enabling an increase in detection sensitivity.
15 [0015]
The chemical sensor is composed of a plurality of
unit sensors formed integrally on one sensor support
section, and each unit sensor may consist of a gas
injection hole, a sample collection section, a sample
20 delivery section, a sample reaction section and a detection
section. Integral formation of a plurality of unit sensors
in one sensor support section enables suppression of
single-use of the sensor.

[Advantageous Effects of Invention]

25 [0016]



"The-chem cal sensor is conposed of a plurality of unit sensors fornmed
integrally on one sensor support section, and each unit sensor may consi st
of a gas injection hole, a sanple collection section, a sanple 20delivery
section, a sanple reaction section and a detection section. Integral
formation of a plurality of unit sensors in one sensor support section
enabl es suppression of single-use of the sensor. [Advantageous Effects of
| nvention] 25[0016 _ As descri bed above, according to the chem ca
sensor of the PreSEFCILRFENEPONE i FGCOLHIY K Hhe Ghesuicre &tiiSA%s in a
gas in aliquid due to the Peltier cooling effect of a Peltier elenent,

usi ng a Sitnmpihe Paesedt SpEenéfiobesdrt ptd P sofimreaviiongsis §a0l0%7] Fi g.
1(a) is a sectional viewillustrating the entire configuration of a

chenmi cal avedydesadecordigeg o @ fliiastiderdhmsitrerthefPalia qar esmnitiiqivent i on.
10Fig. 1(b) is a schematic viewillustrating a Peltier elenent with a

sanpl e celflfectti of se@eildneil3 edfemeng., 1(sng a simpld gnet@). and Fig. 2(b)
are schematic views, each illustrating a specific configuration exanple of
a sanpl e [Bedelfi Oeseadiptdeonl bfamdasvideisdcti on section 16 of Fig. 1(a).

15Fig. 3(a) and Fig. 3(b) are schematic views, each illustrating a specific
conf i gur gbioarrJexanpl e of the detection section 16 of Fig. 1(a). Fi g.
4(a) and Fig. 4(b) are schematic views, each illustrating a specific

configuration exgnmphegaof ikhe satRlienal view illustrating the entire
.configuration of a chemical sensor according to a first
embodiment of the present invention.
10 Fig. 1(b) is a schematic view illustrating a Peltier
element with a sample collection section 13 of Fig. 1(a).
Fig. 2(a) and Fig. 2(b) are schematic views, each
illustrating a specific configuration example of a sample
reaction section 15 and a detection section 16 of Fig. 1l(a).
15 Fig. 3(a) and Fig. 3 (b) are schematic views, each
illustrating a specific configuration example of the
detection section 16 of Fig. 1(a).
. Fig. 4Ka) and Fig. 4(b) are schematic views, each
illustrating a specific configuration example of the sample
20 reaction section 15 according to a second embodiment of the
present invention.
Fig. 5.is a conceptual view illustrating the entire
configuration of a chemical sensor according to a third
embodiment of the present invention.

25 - [Description of Embodiments]



'20reaction section 15 according to a second enbodi nent of the present
i nventi on. Fig. 51is a conceptual viewillustrating the entire
configuration of a chem cal sensor according to a third enbodi ment of the
present invention. 25[Description of Enbodinments] [0018] Enbodi nents of
the present invention will be described below with reference to the
acconpanyi ng drawi ngs. In the description of drawi ngs, the sane reference
signs Sare used for the same structural elenents. [0019] (First Enbodi nent)
The entil89&8Afigurati on of a chenical sensor according to a first
embodi ment of the present invention 10w Il be described with reference to
Fig. 1(a). TheEwmhedimghtsenfothgcpyedeny tovensibiy stildnipedi ment includes a
sensor support section 11 having a function as a substrate that supports
t he enti deschébredabedeoms it ha rgds riemjcec ttico it higo lae chpalmyd ungh Artaiwdngs .gas
cont ai ni ng an anal yte,
In the description of drawings, the same reference signs
5 are used for the same structural elements.
[0019]
(First Embodiment)
The entire configuration of a chemical sensor
according to a first embodiment of the present invention
10 will be described with reference to Fig. 1l(a). The
chemical sensor according to the first embodiment includes
a sensor support section 11 having a function as a
substrate that supports the entire chemical sensor; a gas
injection hole 12 through which a gas containing an analyte,
15 such as alr is injected; a sample collection section 13 in
which the analyte contained in the gas injected through the
gas injection hole 12 is collected; a sample delivery
section 14 through which the analyte collected.in the
sample collection section 13 is delivered to a sample
20 reaction section 15; the sample reaction section 15
including a reactant that causes a predetermined reaction
with the analyte delivered through the sample delivery
section 14; and a detection section 16 in which the analyte

reacted with the reactant in the sample reaction section 15

25 is detected.



*15such as air is injected; a sanple collection section 13 in which the
anal yte contained in the gas injected through the gas injection hole 12 is
coll ected; a sanple delivery section 14 through which the anal yte coll ected
in the sanple collection section 13 is delivered to a sanple 20reaction
section 15; the sanple reaction section 15 including a reactant that causes
a.predeterm ned reaction with the analyte delivered through the sanple
delivery section 14; and a detection section 16 in which the analyte
react ed WPRO he reactant in the sanpl e reaction section 15 25is detected.
7 - [0020] The sensor support section 11 is a substantially flat
substrate and TBenagesofofuBRanpl @ecbion ténigoAdavbarapsialsycflatc.)
substrate or a glass substrate that is easy to 5undergo ni croprocessing.
The senseubstuppbet asdctisomade, afdrt asabplew pEnti eawdcpnduetorvéSaenber can
be produced by m cromachi ning. On one main surface of the sensor support
section 2iC, aesanpl eubskketti on seglasn &8psarsaspthadelisveayyseotion 14, a
sanpl e reaction section 15 and a 10detection section 16 are di sposed in
order. Aupderegotmyeroprbeesksndl Srisecavesr asubdirs Wd@ciomf11 hendensor
support section 11 so as to cover the sanple collection

the below-mentioned protective member can be produced by

micromachining. On one main surface of the sensor support
section 11, a sample collection section 13, a sample
delivery section 14, a sample reaction section 15 and a

10 detection section 16 are disposed in order. A protective
member is disposed over a main surface of the sensor
support section 11 so as to cover the sample collection
section 13, the sample delivery section 14, the sample
reaction section 15 and the detection section 16, and a

15 hole is opened at at least two positions of the protective
member. These holes at at least two positions are
configured to introduce and discharge a gas containing an
analyte, and the protective member and the sensor support
section 11 are preferably bonded by a bonding method

20 capable of maintaining airtightness so as to enable
effective introduction and discharge of the gas through
holes at two positions. One of holes at at least two
positions is, for example, provided ahead of the sample

collection section 13, and the gas is introduced into the

25 protective member through at least one hole and is



'section 13, the sanple delivery section 14, the sanple reaction section 15
and the detection section 16, and a 15hole is opened at at |east two
positions of the protective nmenber. These holes at at |east two positions
are configured to introduce and di scharge a gas contai ning an anal yte, and
the protective nenber and the sensor support section 11 are preferably
bonded by a bondi ng net hod 20capabl e of maintaining airtightness so as to
enabl e effective introduction and discharge of the gas through holes at two
posi t i onslisohargrdhéhasugih anotagst hokesposPreohsles, thepughawpieh provi ded
ahead of the sanple collection section 13, and the gas is introduced into

t he 25pr &éhecgipge lveibdirodmcedgh ist chddsd engasoliajged iion hdilschar-ged

t hrough anot her hol es. One hole, through which the gas is introduced, is
cal | ed aIgashiisj @etyi,onnhel eet2ctlipnt bpsosay orimeda bgetcesteirdamgs rdhee f or med by
covering the sensor support section 11 with the protective nenber 5provided
W t h t he sgasoirnjseppioartt kelce idz, 1a sdmp eheolpretikican veeaiemerl3 i n which the
anal yte contained in the gas is collected in a solution, a sanple delivery
sectsi on povadsdnplielr edet igas Segeic@iohS haneé a>jdekegm@lesecti on 16 are
integrally formed. 10[0021] The sanple collection section 13 is

di sposedcehogettiont Becgasn Nzechi @Ribol @ hb2 anbheteby-chalihebatinng he
collection of the analyte contained in the gas injected through the gas

injectiogaholie 1311Beteianine%amphasich,t he saapakyie112e9qt aiked o a gas”
i ncl ude gas conponents in a gas,
14, a sample reaction section 15 and a detection section 16
are integrally formed.
10 [0021]

The sample collection section 13 is disposed close to
the gas injection hole 12, thereby facilitating collection
of the analyte contained in the gas injected through the
gas injection hole 12. Herein, examples of the “analyte

15 contained in a gas” include gas components in a gas,
viruses, allergens and the like.

In Fig. 1(a), thére has been shown an example in
which the gas injection hole 12 is provided ahead upstream
of the sample collection section 13. As mentiqned above,

20 in the present invention, the sample collection section 13
may be disposed closed to the gas injection hole 12 and,
for example, the gas injection hole 12 may be provided on
the sample collection section 13.

[0022]

25 The sample collection section 13 includes a Peltier



‘viruses, allergens and the like. In Fig. 1(a), there has been shown
an exanple in which the gas injection hole 12 is provided ahead upstream of
t he sanple collection section 13. As nentioned above, 20in the present
invention, the sanple collection section 13 may be di sposed closed to the
gas injection hole 12 and, for exanple, the gas injection hole 12 may be
provi ded on the sanple collection section 13. [0022] 25The sanple
collection section 13 includes a Peltier elenent 131 that |iquefy water
vapor coftlgmead L3 1t fdagad liqnjednt edtehr yaglert isongasniad det itde lgdlse 12, as
shown in Fig. 1(b). By applying a current to the bonded section of two

ki nds of imgtealtsed Kdurocugirs ttiheuige st Hajeeittiicar hellemar®t, B3l ,sHsone iretRilg.of the
Peltier elenent 131 absorbs heat from an anbient gas. Fig. 1(b) is a plan
view i n ahiboh tBhe spppyingohl ectrentsect tha h8ndbdwnechibhgoflEap i S seen
fromthe above, and the lower side of Fig. 1(b) is the gas injection hole
12 side kindsgofl{m@kalidi lc@atheouppdtusicdehef peilg.iel( R)1ekdng: tira ,sanpl e
delivery section 14 side in Fig. 1(a). In Fig. 1(b), nmetal of the | ow

temper at Wie siede 1( @Fdehbenkil e i Shd@)l enenthawn, adatrdsSeldait Gdafichd i quefi ed
fromthe gas is forned at protrusions provided oppositely and is dropped on

a recess spAdn#edalsn t hegsensnyf §§p90%la§991éﬁniﬂ1wﬁ§€hrEEE'!ah gceunder.
- The Peltier elenment 131 constituting this sanple collection section 13 is,

for examplg, 3HARE ke taBnt AS SERSAI iSURRGT t 158Gt QN sLLAte bt Rignds so as
not to inhibit a cooling function, and a Current is, for exanple, injected

Ln 0 Lue aRRRAEd AReCtHan 18liek 11N 8T $h2OTRLY 1" AN N UG, Tor e

hole 12 side in Fig. 1(a) while the upper side of Fig. 1(b)

10 is the sample delivery section 14 side in Fig. 1(a). 1In
Fig. 1(b), metal of the low temperature side (endothermic
side) 1is shown, and a solution Lgd liquefied from the gas
is formed at protrusions provided oppositely and is dropped
on a recess provided in the sensor support section 11

15 directly thereunder. The Peltier element 131 constituting
this sample collection section 13 is, fof example,
supported on the sensor.support section 11 at both ends so
as not to inhibit a cooling function, and a current is, for
example, injected into the bonded section of two kinds of

20 metals through the wiring formed on a support structure
thefeof.

It is preferréd that a Peltier material is, for

example, copper oxide, polysilicon thin film or the like
from the viewpoint of miniaturization. In this way,

25 according to the present invention, it is possible to

- 10 -



"t hereof. It is preferred that a Peltier material is, for exanple,
copper oxide, polysilicon thin filmor the |ike fromthe viewoint of
mniaturization. In this way, 25according to the present invention, it is
possible to I|iquefy water vapor contained in the gas injected through gas
injection hole due to the Peltier cooling effect of the Peltier elenent.
Since the analyte is dissolved in the liquefied water vapor, it is possible
to prepare a solution 5Lqd containing the anal yte. Therefore, the sanple

col | ecti oRIELY| YALEE ¥ARCAUCORREIESH ycSPrediast HEISARS &a¥@eont ai ni ng
the analyte fromthe gas_injected through the gas injection hole 12. [0023]
10The safpfe l8dErFePp 5eéei dnel4chibiea Peapileracpoding wfifeareafurihey about
100 pmin width and depth, and one end of the capillary structure is closed
to the P&eilitdéereeépmantof $heceabpearalyeetisndsesolvadlldn theis possible
to introduce the solution Lgd containing the 15anal yte coll ected by the
Pel tier éligueditiednweteleveapir, | dty ist posisibde Tloe pselipatriecom Isgd utritaroduced
into the capillary structure is delivered to the sanple reaction section 15
by & capiLbkdacynphénangnohe bnatlyte .wayhetdosanptredebimpiey section 14 can
deliver the solution liquefied by the 20Peltier elenment through a capillary
phenonmeneplokcthencapckliany 1St puat due omattike 19§MRlca 1eeactthen section 15
wi t hout using a special structure. The capillary structure measuring about
100 pm i Bowmudt Bncagdbecptaduead ByenhenafehiffioRdthe gas injected
through the gas injection hole 12.
[0023]
10 The sample delivery section 14 has a capillary
structure measuring about 100 um in width and depth, and
one end of the capillary structure is closed to the Peltier
element of the sample collection section 13. It is
possible to introduce the solution Lgd containing the
15 analyte collected by the Peltier element into the capillary
structure. The solution Lgd introduced into the capillary
structure is delivered to the sample reaction section 15 by
a capillary phenomenon. In this way, the sample delivery
section 14 can deliver the solution liquefied by the
20 Peltier element through a capillary phenomenon of the
capillary structure to the sample reaction section 15
without using a special structure. The capillary structure
measuring about 100 um in width can be produced by

micromachining.

25 [0024]



' 25[ 0024] A capillary surface is preferably subjected to a
hydr ophol i zation treatnment so as to facilitate the novenent of the solution
Lgd. For exanple, it is easy to produce the capillary structure in the case
of a nethod in which a 5silicon oxide filmis forned on a surface, or a
method in which a surface is covered with a water-soluble polynmer such as
pol yet hyl ene gl ycol. [0025] Speci fic configuration exanpl e of
a sanple reaction 10section 15 and a detection section 16 of Fig. 1(a) wll
be described wit RaPefeépencEUrdaregisoparisgdbivy subpdigcteod®eR The sanpl e
reaction section_ 15 includes, as a reactant that causes a predeternined
r eact i onh¥AErRPhRe 1Z84AQNY tacadmensr 8¢ ©isr deyif adid isans ¢ htelmoMemergect i on
14, at |east any one of an antibody, an enzyne, a receptor and a protein.
I n the fifsthenbodiéen, LgddesEot pekanpiel | ibeirndespntbhprodseeof
i ncludi ng an enzyne-i mmobi lized anti body as an exanple of an anti body that
speci fi cahkyc2fiedety wittrhicanaleyties thechaze Wfr us e tdd adld eftgens.a The
enzyme-i mmobi |l i zed anti body specifically binds to viruses or allergens to
form a cefplienxn Thigecdiphexsi $odekidvencd tsarifheejetrctd artaret ijon 16. The
enzyme-i mobi | i zed anti body i ncludes, for exanple, an anti-HA anti body and
an which a surface is covered with a water-soluble polymer
such as polyethylene glycol.
[0025]
Specific configuration example of a sample reaction
10 section 15 and a detection section 16 of Fig. 1(a) wili be
described with reference to Fig. 2(a) and Fig. 2(b).
[0026]
The sample reaction section 15 includes, as a
reactant that causes a predetermined reaction with the
15 analyte delivered through the sample delivery section 14,
at least any one of an antibody, an enzyme, a receptor and
a protein. In the first embodiment, a description will be
made on the case of including an enzyme-immobilized
antibody as an example of an antibody that specifically
20 reacts with analytes such as viruses and allergens. The
enzyme-immobilized antibody specifically binds to viruses
or allergens to form a complex. This complex is delivered
to the detection section 16. The enzyme-immobilized

antibody includes, for example, an anti-HA antibody and an

25 ALP enzyme.

- 12 -



"25ALP enzyne. [0027] The detection section 16 includes an el ectrode
conposed of a netal thin filmof gold, platinumor the like, and a
substrate-i nmobilized antibody is supported as an 5exanple of an anti body
that binds to the above-nentioned conplex at a capture site. The
substrat e-i mobilized antibody includes, for exanple, an anti-HA anti body,
and the substrate includes, for exanple, para-am nophenyl phosphate (pAPP)
as a substrate that specifically reacts 10with an ALP enzyne. The

subst r at d90fbbi | i zed anti body can capture viruses or allergens that bind
to the enzynme-i mobilized anti body. Thereby, the substrate of the

substr at e- i nmoBhEei dediegahiPbodgcidonl e ing ladesnayne lefctaede
enzyme-i mmbi |l i zed anti body at the capture site, where an
15enzynecoubsosedt efr sameited &hizesilin ofagelthe pdrtyimmn orarchdl R idezyne and
the substrate is pAPP, para-am nophenol (pAP) is forned by the reaction.
The t husahdr sedupAPreae -temopidized &otpdody(disneeprrmed @ amon the

el ectrode. The detection section 16 can detect the anal yte by 20nmeasuri ng

el est r onexthpt emb¥eahy ahhebosdahaenbhiadet iten £ hes iafdidiaeeltaenede. Since
an oxidation-reduction reaction of pAP with pQ is reversible, an

oxi dat i onompliagt be@nacyabeugansheef orned bybsoratsgihhepehegegode in an
opposi ng conb shape, and oxidi zi ng pAP while reducing pQ, and thus
25enab|iEﬁtﬁﬁahyfﬁﬁéihQESQffEBeegahﬁﬁ@?daﬁuéh%ELH%§%5%ibody, and
the substrate includes, for example, para-aminophenyl
phosphate (pAPP) as a substrate that specifically reacts
10 with an ALP enzyme. The substrate-immobilized antibody can
capture viruses or allergens that bind to the enzyme-
immobilized antibody. Thereby, the substrate of the
substrate-immobilized antibody is close to an enzyme of an
enzyme-immobilized antibody at the capture site, where an
15 enzyme-substrate reaction arises. In case the enzyme is an
ALP enzyme and the substrate is pAPP, para-aminophenol
(pAP) is formed by the reaction. The thus formed pAP can
be oxidized to para-quinoneimine (pQI) on the electrode.
The detection section 16 can detect the analyte by
20 measuring electrons that move by the oxidation reaction,
uéing the electrode. Since an oxidation—reduction reaction
of pAP with pQI is reversible, an oxidation-reduction cycle
can be formed by forming the electrode in an opposing comb
shape, and oxidizing pAP while reducing pQI, and thus

25 enabling amplification of the obtained current value.



"Thereby, it becones possible to detect with high sensitivity. [0028]
Specific configuration exanple of the detection 5section 16 of Fig. 1(a)
will be described with reference to Fig. 3(a) and Fig. 3(b). The detection
section 16 includes an antibody (substrate-immobilized antibody) 163 that
binds to anal ytes (viruses, allergens, etc.) reacted with a reactant
(enzyme-i mobi |l i zed antibody), an el ectrode 162 10that supports the

anti body 163, and an anodi zed silicon 161. [0029] On a nmain surface
of the aRBGTERY siilti ®EFOTEE, PSS ille itey dsftacic asdds hirgh f or med. The

el ectrode 162 is conposed of a thin filmof gold (Au) formed in a uniform
15t hi cknéssisdltdvgtan irregul ar shape of the main surface of this anodized
silicon 161. In such way, the electrode 162 has a porous structure. On a
surface dooRigé el ectrode 162, an anti body 163 is supported. Since the

anti body 163 is also supported in a recess, the detection section 16 can
20al so support Spekat iaf caantflllgudlaeso?cﬁ&xa‘w?@ﬂma dfe téleedateda 162 has a porous
structure, it is possible to increase an imobilization area of the

ant shody s&63,i cand et s Fegabhi(ag an 1iiNGee s dri et gt SR ddevidy . |t
may be possible to use, as an imobilization nmethod of the antibody 163,

25f or exanpl.e3 @)mehidodief. & (¥8l.f- anseabkedtiBAOLAYeh ohSAY) inthakehi Nds to
a netal surface via a thiol group. [0030]
an antibody (substrate-immobilized antibody) 163 that binds
to analytes (viruses, allérgens, etc.) reacted with a
reactantI(enzyme—immobilized antibody), an electrode 162
10 that supports the antibody 163, and an anodized silicon 161.
[0029]

On a main surface of the anodized silicon 161, a
plurality of recesses are formed. The electrode 162 is
composed of a thin film of gold (Au) formed in a uniform

15 thickness along an irregular shape of the main surface of
this anodized silicon 161. In such way, the electrode 162
has a porous structure.. On a surface of the electrode 162,
an antibody 163 is supported. Since the antibody 163 is
also supported in a recess, the detection section 16 can

20 also support a lot of antibodies 163. When the electrode
162 has a porous structure, it is possible to increase an
immobilization area of the antibody 163, and thus enabling

an increase in detection sensitivity. It may be possible

to use, as an immobilization method of the antibody 163,

25 for example, a method of a self-assembled monolayer (SAM)
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*As descri bed above, according to the first enbodi nent of the present

i nvention, the follow ng operation and 5effect can be obtai ned. [0031] As
illustrated in Fig. 1, a solution containing analytes (viruses, allergens,
etc.) can be prepared by |iquefying water vapor contained in a gas injected
t hrough 10 a gas injection hole 12 due to the Peltier cooling effect of the
Peltier elenment. Therefore, the sanple collection section 13 can coll ect
the anal yste fromthe gas injected through the gas injection hole 12.

[ 0032] 1ébﬁttﬁénéﬁeﬁPcalm§Eﬁ oFUFERERI Vg t BHOprEsBm- i nvention, a
sanpl e delivery section 14, a sanple reaction section 15 and a detection
section iBP3Pthuding a sanple collection section 13, are accumul ated and
integrally fornmed in a narrow detection space forned by covering a 20sensor
support secti ohsldesfrhbadprbovet i gecomdiery tTherhef drie;s tniemibatdimiezst i on and
wei ght saving are possible and also a small anount of a sanple can be

det ect edoby thesprebennpintent ian; eabtarfioldush ras aueratidiodndr an enzyne,
and thus enabling a decrease in use anmount of an expensive 25reactant can
be seducefifeandcdnt bet bbnaaheldow costs. [0033] The anpl e delivery
section 14 has a capillary structure, and one end of the capillary -
structur¢onsitlose to a Peltier elenment. Thereby, it is possible to deliver
a

As illustrated in Fig. 1, a solution containing
analytes (viruses, allergens, etc.) can be prepared by
liquefying water vapor contained in a gas injected through

10 a gas injection hole 12 due to the Peltier cooling effect
of the Peltier element. Therefore, the sample collection
section 13 can collect the analyste from the gas injected
through the gas injection hole 12.

[0032]

15 ' In the chemical sensor according to the present
invention, a sample deli&ery.section 14,‘a sample reaction
section 15 and a detection section 16, including a sample
collection section 13, are accumulated ‘and integrally
formed in a narrow detection space formed by covering a

20 sensor support section 11 with a protective member.
Therefore, miniaturization and weight saving are possible
and also a small amount of a sample can be detected by a
small amount of a reactant such as an antibody or an enzyme,
and thus enabling a decrease in use amount of an expensive

25 reactant can be reduced, and detection at low costs.
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‘Ssol-uti on liquefied by the Peltier elenent through a capillary phenonenon
of the capillary structure to a sanple reaction section 15 without using a
special structure. [0034] As illustrated in Fig. 2(b), the sanple reaction
10section 15 includes an antibody (enzyme-inmobilized antibody) that
specifically reacts wwth an anal yte delivered through a sanple delivery
section 14. It is possible to specifically detect the analyte by an
anti gen-anti body reaction of the enzyme-i mobilized anti body with 15t he
anal yte. [P8833] As illustrated in Fig. 3(b), the detection section 16
includes an anti body 163 (substrate-imobilized antide{) that binds to an
anal yt es react é8ewhrtRlg Aeaévany €efgyRB- 120PARDBI FRPédLlanYi body), and an
el ectrode 162 that supports the antibody 163, and an el ectrode 162 has a
por ous sBtygcghse, Waad ohe ehdcpfotibel62prhaddazypsitaustyreudsurcdosiet is
possible to increase an immobilization area of the antibody 163, and thus
enabl i ngtenai Reltase edecdenhéct i DmelPSsensiti vstpossioD86to (Setbvdr a
Enbodi nent)
5 solution liquefied by the Peltier element through a
capillary phenomenon of the capillary structure to a sample
reaction section 15 without using a special structure.
[0034]
As illustrated in Fig. 2(b), the sample reaction
10 section 15 includes an antibody (enzyme-immobilized
antibody) that spécifically reacts with an analyte
delivered through a sample delivery section 14. It is
possible to specifically detect the analyte by an antigen-
antibody reaction of the enzyme-immobilized antibody with
15 the analyte.
[0035]
As illustrated in Fig. 3(b), the detection section 16
includes an antibody 163 (substrate-immobilized antibody)
that binds to an analytes reacted with a reactant (enzyme-
20 immobilized antibody), and an electrode 162 that supports
the antibody 163, and an electrode 162 has a porous
structure. When the electrode 162 has a porous structure,
it is possible to increase an immobilization area of the

antibody 163, and thus enabling an increase in detection

25 sensitivity.



"Speci fic configuration exanple of the sanple reaction section 15 according
to a second enbodi nent will be 5described with reference to Fig. 4(a) and
Fig. 4(b). Since configurations excluding the sanple reaction section 15 of
a chem cal sensor according to the second enbodi nent are the same as those
in the first enbodinent, illustration and description will be omtted.

10[ 0037] Fig. 4(b) is an expl oded perspective view of a sanple
reaction section 15 and a detection section 16. The sanple reaction section
15 i ncl ud@8381heating section (for exanple, heater 151) in which a sol ution
containing viruses 15delivered through a sanple delivery section 14 is

heat ed, é%&cﬁngeﬁﬂépéﬂﬁﬁétﬁeasurenent section (for exanple, tenperature
sensor 152) in which the tenperature of a solution containing viruses is
measured. | n t BEegiéiencorfbodirpbAPn eHeMBlesoshéWa aATEREnpEEctAomhi ch a
heater 151 20and a tenperature sensor 152 are fornmed on a | ower surface of
an upper ssgbspnaflé ehaprdongt kbubeseaopdoemboidimemsntyérll &ed i s provided in
a detection space (sanple reaction section 15) between the upper substrate
andst he sessonbsdppdath sefeirenceAcbhfugh #He)drad Fdgi.s 4div)t.t edinthe
25sanpl e reaction section 15 includes a control section in which a val ue
of a currenfitoarbheiappl eedltidihhetheatamplbl rieactdbhr geked chasesd odn t he
tenperature of a solution neasured by the tenperature sensor 152. A

plurality eheheater sehbdrandcarphugakict yhef skeapar anvbaimensoasels52 are
5respectively prepared, and they are respectively disposed
the same as those in the first embodiment, illustration and
description will be omitted.
10 [0037]
Fig. 4(b) is an exploded perspective view of a sample
- reaction section 15 and a detection section 16. The sample
reaction section 15 includes a heating section (for example,
heater 151) in which a solution containing viruses
15 delivered through a sample delivery section 14 is heated,
and a temperature measurement section (for example,
temperature sensor 152) in which the temperature of a
solufion containing viruses is measured. In the present
embodiment, there is shown an example in which a heater 151
20 and a temperature sensor 152 are formed on a lower surface
of an upper substrate that constitutes a protective member,
and is provided in a detection space (sample reaction
section 15) between the upper substrate and the sensor
support section. Although the drawing is omitted, the

25 sample reaction section 15 includes a control section in



"in the sanple reaction section 15 in a dispersed manner. On the | ower
surface of the upper substrate, an electrode 16a constituting a part of the
detection section is formed. [0038] 10In the sanple reaction section 15, a
primer, a DNA pol ynerase, deoxynucleotide triphosphate (dNTP) as a DNA
synthesis material (substrate), and a buffer solution are disposed in a dry
state. [0039] 15In the control section, a polynerase chain reaction (PCR)
nmet hod i s cahried out by controlling the heater 151. Herein, an exanple

t her eof F81§RoAnVAERAsOFndvFREEERtare BRt ARPE &G0 Ondl'ft BRALARY 45dol uti on
containing viruses_deljvered to the sanple reaction section 15 in the
sanpl e 20Fe8ERFER1sBEL PBRCEL ORI §Ret ERPRRARGHES Pér 2eRgRPtéonabout 90C to
98C. Next, the extracted DNAs are repeatedly exposed to high tenperature of
about 90meas98edahy Fbw temperature eengbsufl580 td B5Crabbty @0 to 50
times. Thereby, it is possible to anplify DNAs as the anal yte in 25t he
sanpl e rbkasteua $B&t fnd a5plT¥helsbliubfohevprirainirrgsenkeranpbicf beed DNAs i s
conveyed to the detection section, where it is possible to confirm whether
or Bot vreapestavelprpsepéred, aandnthegl agsel ubsprchyvaiyodidabised- r educt i on
reaction using an electrode. According to this PCR nethod, 5it is possible
t o det ecint heeanahple webbthoghseensohi 16t ynby dtppefkgedgmanheace anmount of
t he anal yte.
On the lower surface of the upper substrate, an electrode
léa constituting a part of the detection section is formed.
[0038]
10 In the sample reaction section 15, a primér, a DNA
polymerase, deoxynucleotide triphosphaté (dNTP) as a DNA
synthesis material (substrate), and a buffer solution are
disposed in a dry state.
[0039]
15 In the control section, a polymerase chain reaction
(PCR) method is carried out by controlling the heater 151.
Herein, an example thereof is shown. DNAs in viruses are
extracted by maintaining a solution containing viruses
delivered to the sample reaction section 15 in the sample
20 reaction section at high temperature, for example, about
90°C to 98°C. Next, the extracted DNAs are repeatedly
exposed to high temperature of about 90 to 98°C and low
temperature of about 50 to 65°C about 20 to 50 times.
Thereby, it is possible to amplify DNAs as the analyte in

25 the sample reaction section 15. The solution containing
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‘Whi | e a nethod using an el ectrode has been shown as the detection nmethod in
the present enbodi nent, the sane detection can be carried out even by an
assay with 10fl uorescence enmtted by the anplified DNAs. [0040] As
illustrated in Fig. 4(b), the sanple reaction section 15 includes a heating
section (heater 151) in which an anal yte delivered through a sanple
delivery section 14 15is heated, and a tenperature neasurenent section
(tenperature sensor in which the tenperature of the analyte is

SOr 15%& )
neasur edtP8i ARBLAL PER RERRodST 6PNHAYERT FPnGRONASLEFLLRE &R/ELYPE can be
carried out by allowing a specific tenperature cycle to occur using a
heater 1Bheretipois pessible te denécrmt wBehhakyos WothVArgEeseRAset i vity.
[ 0041] (Third Enbodi nent) The entire configuration of a chem cal sensor
accor di ngresentt hir dnemhodi agnsowrt ohebstesor pedawiith-28defsrience to Fig.
5. The chem cal " sensor according to the second enbodinent is conposed of a
pl uralityeattiuontuséngoas €Bdctpo@S4 -Accardamgetdoi thibs aPCRysetkadh of unit
sensors CS is conposed of a gas injection hole 12, a sanple collection
secbion 18, ia paspipldetbvaeyesecthenatdlyfe with high sensitivity
by amplifying a trace amount of the analyte.
While a method using an electrode has been shown as
the detection method in the present embodiment, the same
detection can be carried out even by an assay with
10 fluorescence emitted by the amplified DNAs.
[0040]
As illustrated in Fig. 4 (b), the sample reaction
section 15 includes a heating section (heater 151) in which
‘an analyte delivered through a sample delivery section 14
15 is heated, and a temperature measurement section
(temperature sensor 152) in which the temperature of the
analyte is measured. Since a PCR method for amplifying
DNAs of the analyte can be carried out by allowing a
.specific temperature cycle to occur using-a.heater 151, it
20 is possible to detect the analyte with high sensitivity.
[0041]
(Third Embodiment)
The entire configuration of a chemical sensor

according to a third embodiment will be described with

25 reference to Fig. 5. The chemical sensor according to the



‘5sanpl e reaction section 15 and a detection section 16 illustrated in Fig.
1(a). A plurality of unit sensors CS are integrally fornmed on one sensor
support section 11. [0042] Wwen a plurality of unit sensors CS are arranged
in 10arrays on one sensor support section 11, it is possible to use only
requisite chips (unit sensors CS) when needed and thus enabling a decrease
in nunber of replacenents of the sensor, and suppression of single-use of

t he chip. 3 5\\hi | e the present i nvent i on has been descri bed by way of
three enﬁ%%Pﬂé %@% ghm§ﬁ8uF8 8Fp8§eﬁn8§r§t8 YreRatYsCit ¥Reft s and

drawi ngs, that forma part of the disclosure, limt the present invention.
Various SFREPAStESenbBAFReNt S, Exanpres &RdC0 BEFAYSon ?%%Hn%ﬁo@PéE will
beconme apparent to 20t hose skilled in the art fromthis disclosure. [ 0044]
Appl i cat FBRS@XEnpFedSofCBPERER P4l asEASOANIECESEONNECOLE dRhodi WEAPI Sof t he
present invention include honme appliances added with a function of the
above- neaol baetioBchentéah $8nsersampdk delanNeayr selcgdmar land aan air
conditioner; portable virus sensors in which the above-nentioned chem cal
senSor hasmpéenrtachedni aeotacpoitabhd si detkytiser secandnpdst abl e devi ces
added with a function of the above-nentioned chem cal sensor, such as a
cel lul aribpheheated in Fig. 1(a). A plurality of unit sensors CS

are integrally formed on one sensor support section 11.
[0042]
When a plurality of unit sensors CS are arranged in

10 arrays on one sensor support section 11, it is possible to
use only requisite chips (unit sensors CS) When needed, and
thus enabling a decrease in number of replacements of the
sensor, and suppression of single-use of the chip.

[0043]

15 While the present invention has been described by way
of three embodiments, it should not be understood that
statements and drawings, that form a part of the disclosure,
limit the present invention. Various alternate embodiments,
Examples énd operation technologies will become apparent to

20 those skilled in the art from this disclosure.

[0044]

Application examples of a chemical sensor according
to embodiments of the present invention include home
appliances added with a function of the above-mentioned

25 chemical sensor, such as an air cleaner and an air
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‘[ Reference Signs List] [0045] 11: Sensor support section 12: Gas injection
hol e 1013: Sanple collection section 14: Sanple delivery section 15: Sanpl e
reaction section 16: Detection section 131: Peltier element 15151: Heater
(Heating section) 152: Tenperature sensor (Tenperature measurenent section)
162: Electrode 163: Antibody CS: Unit sensor CLAIMS:

conditioner; portable virus sensors in which the above-
mentioned chemical sensor has been formed into a portable
size by users; and portable devices added with a function
of the above-mentioned chemical sensor, such as a cellular
5 phone.
[Reference Signs List]
[0045]
11: Sensor support section
12: Gas injection hole
10 13: Sample collection section
14: Sample delivery section
15: Sample reaction section
16: Detection section
131: Peltier element
15 151: Heater (Heating section)
152: Temperature sensor (Temperature measurement section)
162: Electrode
l63: Antibody

CS: Unit sensor



‘1. A chem cal sensor conprising: support section; 5a gas injection hole
t hrough which a gas containing an analyte is injected; a sanpl e
collection section in which the analyte contained in the gas injected
t hrough the gas injection hole is collected; 10a sanple delivery section
t hrough which the analyte collected in the sanple collection section is
del i ver ed; a sanple reaction section including a reactant that
causes a predeterm ned reaction with the anal yte delivered through the
sanpl e dEEﬁJyﬁy section; and 15a detection section in which the anal yte
reacted with the reactant in the sanple reaction section is detected,
wherein the sanple collection section has a Peltier elenment that |iquefies
wat er vapor contained in the gas injected through the gas injection hole.
20 _ 2. The chehli chemseadorensour dengrieicbai m 1, wherein the gas
injection hole, the sanple collection section, the sanple delivery section,
t he sanpl e reastippnrseseconoand t he detection section are i-ntegrally forned
on 25t he sensor support section. 3. The chem cal sensor according
to slaim1l or 2, gabeieaijacthensanpke tiebuglr whiett kogalkasoatadpiingar y
structure, and one end of the capillary structure is close

an analyte is injected;

a sample collection section in which the analyte
contained in the gas injected through the gas injection
hole is collected;

10 a sample delivery section through which the analyte
collected in the sample collection section is delivered;

a sample reaction sectioh including a reactant that
causes a predetermined reaction with the analyte delivered
throﬁgh the sample delivery section; and

15 a detection section in which the analyte reacted with
the reactant in the sample reaétion section is detected,
wherein the sample collection section has a Peltier
element that liquefies water vapor contained in the gas

injected through the gas injection hole.

20
2. The chemical sensor according to claim 1,
wherein the gas injection hole, the sample collection
section, the sample delivery section, the sample reaction
section and the detection section are integrally formed on
25 the sensor support section.
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'5to-the Peltier elenent. 4. The chem cal sensor as in one of clains
1 to 3, wherein the sanple reaction section conprises at |east any one of
an anti body, an enzynme, a receptor and a protein, 10that specifically
reacts with the anal yte delivered through the sanple delivery section

5. The chemical sensor as in one of clains 1 to 4, wherein the sanple
reaction section conprises a heating 15 section in which the analyte
delivered through the sanple delivery section is heated, and a tenperature
measur enent section in which the tenperature of the analyte is neasured.

6. The chem cal sensor as in one of clainms 1 to 5, 20wherein the detection
section conpri8ing aBhanthbwdgat haenpbndaceordhndanal gtaimeicoed2with a
reactant, and an el ectrode that supports the antibody, the el ectrode having
a porouswheraéhutbe 2BWpTkedefienecdl ssenson hssi p capidfiaclyains 1 to 6,
wherein a plurality of unit sensors forned integrally on one sensor support
section, seauhtumiet sedsonecendr bfi nget hapdagairgj ettriucnulel és thessanpl e
col l ection section, the sanple delivery section, the sanple reaction

secki on apdththeedeteet eoemeagt.i on.

4. The chemical sensor as in one of claims 1 to 3,
wherein the sample reaction section comprises at least any
one of an antibody, an enzyme, a receptor and a protein,

10 that specifically reacts with the analyte delivered through

the sample delivery section.

5. The chemical sensor as in one of claims 1 to 4,
wherein the sample reaction section comprises a heating
15 section in which the analyte delivered through the sample
delivery section is heated, and a temperature measurement

section in which the temperature of the analyte is measured.

6. The chemical sensor as in one of claims 1 to 5,
20 wherein the detection section comprising an antibody that
binds to the analyte reacted with a reactant, and an
electrode that supports the antibody, the electrode having

a porous structure.

25 7. The chemical sensor as in one of claims 1 to 6,
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wherein a plurality of unit sensors formed integrally on
one sensor support section, each unit sensor comprising the
gas injection hole, the sample collection section, the
sample delivery section, the sample reaction section and

the detection section.



