DESCRI PTI ON M CROCHI P FOR NUCLEI C ACI D AVPLI FI CATI ON REACTI ON AND A METHOD
OF MANUFACTURI NG THE SAME 5Technical Field [0001] The present invention
relates to a mcrochip for a nucleic acid anplification reaction and a

nmet hod of manufacturing the same, nore particularly to a mcrochip for a
nucleic acid anplification reaction in 10which a plurality of reagents
needed for the reaction are |am nated and anchored in a prescribed order in
well's configured to function as reaction sites of the nucleic acid
anplification reaction, or the |like. Background Art 15[0002]In recent

years, by applying a nicrofabricaticQFééﬁygﬁ in the sem conduct or
i ndustry, mcrochips having wells an ow channel s for perform ng chem cal

and bi ol ogi cal rﬁﬁ% ﬁyﬁ%t FReen PSR ass (for
exanpl e, see fﬁgggg%fﬁ%d%ﬂien g?n%ave é%ﬁhggveloﬁggy%¥%gse é?é?gihips(

have begun to be used, foexaFpLe. viRFABTORERLS aghempoal detector of
| i qui d chromat ography or a small-sized el ectrochem cal sensor in a

practical nedical field. 25[0003]Such analysis system using the m crochips
is referred to as mTAS (mcro-Total - Anal ysis Systen)

5 Technical Field
[0CC1] The present invention relates to a microchip
for a nucleic acid amplification reaction and a method
of manufacturing the same&, more particularly to a
microchip for a nucleic acid amplification reaction in

10 which a plurality of reagents needed for the reaction
are laminated and anchored in a prescribed order in
wells configured to function as reaction sites of the
nucleic acid amplification reaction, or the like.
Background Art

i5 focozl In recent years, by applying a
microfabrication technique in the semiconductor
industry, microchips having wells and flow channels for
performing chemical and biological analyses formed on a
substrate made of silicon or glass (for example, see

20 Patent Document 1) have been developed. These
microchips have begun to be used, for example, for an
electrochemical detector of ligquid chromatography or a
small-sized electrochemical sensor in a practical
medical field.

25 [0GG3] Such analysis system using the microchips is

referred to as u-TAS (micro-Total-Analysis System),



2 Lab-on-chip, biochip or the like, and attracts attention as a technol ogy
that can speed up, increase efficiency of, and integrate the chem cal and
bi ol ogi cal anal yses, or decrease a size of analysis 5equi pnment. [0004] Si nce
the g-TAS can anal yze a small anount of sanples and the mcrochi ps can be
di sposabl e (single-use), it is expected to apply it to the biol ogical

anal ysis that handles, specifically, a tréace anmount of 10precious sanpl es
or many test bodies. [0005] An exanple of the application of the g-TAS is a
phot odet ect or whi ch introduces substances into a plurality of areas

provi ded in mcrochips,. and .opti.call etect, the subst.ances or their
reaction 15prc}d3l‘}é"t%n"tc§b’r oT('jb.l A& &t eoﬁjt](ﬁ:e’ pHE oa}ettre%%etosr is a nucleic
acid anplification apparatus (far anpl a real_ti CR . us) that
proceeds nucl ét' ¢ Fh iafitgeactq'fno$qgggctt%laotn c|rar1r‘{jl\/\9@‘%@‘r:s?op’m'lcr oc%}astioes, and
optically detect_or. quantify a I.if'gg( clejc | g 20st ds.

[ 0006] Convent |0 *cije%cay rﬁgc'r oacr}r?pl éy63 a%cltgec Cghg%ngl arrplalr i cation appar at us

adopts a nethad. t erformthe reactio 1 x4 ng; .all S heeded for
a nucl ei c aci Ja?%fqo {?%aﬁnoanlfseeasg’t i%fn %ncd%vaeér?pf%tr%l%\&f(tar get 25nucl ei c
acid st r5ands) Eianuadn\llean ce, and introduce the mxed liquid into a plurality
of wells provi ded 5 h

{0004} Since the u-TAS can analyze a small amount of
samples and the microchips can be disposable (single-
use), 1t is expected to apply it to the biological
analysis that handles, specifically, a trace amount of

10 precious samples or many test bodies.
[0005] An example of the application of the p-TAS is
a photodetector which introduces substances into a
plurality of areas provided in microchips, and
optically detect the substances or their reaction

i5 products therecf. An example of the photodetectox is a
nucleic acid amplification apparatus (for example, a
real time PCR apparatus) that proceeds nucleic acid
amplification reaction in wells of microchips, and
optically detect or quantify amplified nuclieic acid

20 strands.
[0006] Conventionally, a microchip type nucleic acid
amplification apparatus adopts a method to perform the
reaction, by mixing all reagents needed for a nucleic
acid amplification reaction and template DNAs {target

25 nucleic acid strands) in advance, and introduce the

mixed liquid into a plurality of wells provided in



3 mcrochips. Thus, it is laborious to mx all reagents needed and target
nucl eic acid strands in advance. In addition, it takes a certain period of
time until the mxed liquid is introduced into the wells, so it has a
5problemthat the reaction proceeds in the mxed liquid during the tine
period. Once the reaction proceeds before the entering of the mxed liquid
into the wells is conpleted, a reaction t#me cannot be controlled strictly,
whi ch may be a factor that decreases the 10determni nation precision of the
anplified nucleic acid strands. [0007]1n general, the PCR nethod adopts a

rethod eall ed o ot start BELROO, Lnorder. Lo Skr stk canur oL tbecgeact on
L S B P ST P R,
start rethod e RoMsved by eal g AP il 44 nelidng feagent s ot e
and target nucll g 3614 4 a0, o el il g Smeral Wip 8 e o

denat uration terrgr%)ej{%& ﬁ{]h?tpm t.hen. per.f o%rtr’]g & g 8. tenpey atsurg £5cycl e.

[0008] I'n re!ag?o_ ( present 1nventi atent 4 Docunent di scl oses
amcro fluid ghin dngldding 3ricd. once the reaction proceeds

before the entering of the mixed liquid into the wells
is completed, a reaction time cannot be controlled

strictly, which may be a factor that decreases the

10 determination precision of the amplified nucleic acid
strands.
[C007] In general, the PCR method adopts a method

called a hot start method in order to strictly control
the reaction time. The hot start method is a method to
15 avoid non-specific amplification reaction causged by
misannealing of an oligonucleotide primer, and to
provide an ilntended amplified product. In the PCR
method, the hot start method is achieved by heating a
mixed liquid including reagents other than enzymes (in
20 general, heat-resistant derived bacteria DNA
polymerase) and target nucleic acid strands to
denaturation temperature of the oligonucleotide primer,
adding the enzymes only after reaching the denaturation
temperature, and then performing a normal temperature
25 cycle.

[0008] In relation to the present invention, Patent



ol i gonucl eotide prinmer needed for a nucleic acid anplification reaction, a
substrate, an enzyne and other reagents in a solid state in flow channel s.
In 5the mcro fluid chip, renmaining reagents needed for the reaction in a
liquid state are sent to the flow channels, the reagents in the liquid
state and the reagents in the solid state are contacted, and the reagents
inthe solid state are dissolved to start4the 10reaction. In the Patent
Docunent 2, there is no description that the oligonucl eotide priner, the
substrate, the enzynme and ot her reagents are | am nated and anchored in the

fl ow channel s._ [ 0009] Pat ent Docunent 1. Japanese Patent 15Application
Lai d- open No. DEptesfgggiiscloses a migyg eﬁﬁtulﬁo%tlrf.]luﬁﬁ%&% Pat ent

Application Laid-open No. 2007-43998 Discl psure of the Inventjon Problemto
be sol ved by tHet IFRERTIn S0 THAS i%@ﬂ | =3 34 conventi onal

m crochip type nucleic acid anplification apparatus, since the reagents
etc. are nixedm M%H@?ﬁﬁ%@&u@efqﬁq% vigt 1I59925® i abor i ous,
and it had the follow nﬁgeé‘ﬁﬁ‘r ohl em Tgﬁi%eat::tg on. tiﬂgJ carhnorjtmebleS 25¢gnt r ol
strictly, so tH&ShdlSi ® pred o Yetreasest tyW “he
5 the micre fluid chip, remaining reagents needed for the
reaction in a liquid state are sent to the flow
channels, the reagents in the liguid state and the
reagents in the sclid state are contacted, and the
reagents in the sclid state are dissolved to start the
10 reaction. In the Patent Document 2, there is no
description that the oligonucleotide primer, the
substrate, the enzyme and other reagents are laminated
and anchored in the flow channels.
[0009] Patent Document 1: Japanese Patent
15 Application Laid-open No. 2004-21919%
Patent Document 2: Japanese Patent
Application Laid-open No. 2007-43998
Disclosure of the Invention
Problem to be solved by the Invention
20 [0010] Ag describked above, in the conventional
microchip type nucleic acid amplification apparatus,
since the reagentsg etc. are mixed in advance and
introduced into the wells, it is laborious, and it had
the following problem. The reaction time cannot be
25 control strictly, so the analytical precision

decreases.



[ 0011] Therefore, a principal object of the present invention is to provide
a mcrochip for a nucleic acid anplification reaction which allows

hi gh- preci sion analysis by a sinple nmethod. 5Means for solving the Problem
[0012] I n order to solve the above-nentioned problem the present invention
provides a mcrochip for a nucleic acid anplification reaction, including
an entrance through which a liquid enterssfromthe 10outside; a plurality
of wells configured to function as reaction sites of the nucleic acid
anplification reaction; and a fl ow channel through which the liquid entered
t hrough the entrance is fed into each of the wells, in which a plurality of
reagent s needel ¥ldr t he TBad@ycon aamd Ikl P @TF atfchdtePrigfeat
prescribed order in each of the wells. In the mcrochip for the nucleic
acid anplifi cathemtiedetiono araidfore IR WY & igenfde®Gde pri mer
may be | am nated over an 20anchored | ayer of. an enzynme, or, in an opposite
manner, an ancéiBed ARt ey MRy Bel 35 WP TR T anchor ed

| ayer of an oligonucl| eotide priner. Between the anchored | ayer of the
enzyme and t hélsnefforedd & er1& ME19%onucl eoti de priner, an anchored

| ayer of a 25reaction buffer, solute may be |am nated. [0013] Al so, the
present 1 nventtSGSHridA o‘%%lval%ttﬁ'{?d rrdblem

[0012] In order to solve the above-menticoned problem,
the present invention provides a microchip for a
nucleic acid amplification reaction, including an
entrance through which a liquid enters from the

10 outside; a plurality of wells configured to function
as reaction sites of the nucleic acid amplification
reaction; and a flow channel through which the liquid
entered through the entrance isgs fed into each of the
wells, in which a plurality of reagents needed for the

15 reaction are laminated and anchored in a prescribed
order in each of the welils.

In the microchip for the nucleic acid
amplification reaction, an anchored layer of an
oligonucleotide primer may be laminated over an

20 anchored layer of an enzyme, or, in an opposite manner,
an anchored layer of an enzyme may be laminated over an
anchored layer of an oligonucleotide primer. Between
the anchored layer of the enzyme and the anchored layer
of the oligonucleotide primer, an anchored layer of a

25 reaction buffer solute may be laminated.

[0013] Also, the presgent invention provides a method



6 of manufacturing a mcrochip for a nucleic acid anplification reaction,
including a first step of lam nating and anchoring a plurality of reagents
needed for the reaction in a prescribed order in each of a 5plurality of
wells configured to function as reaction sites of the nucleic acid
anplification reaction, forned on a substrate |ayer. The met hod of
manuf acturing the nicrochip for the nuclefc acid anplification reaction
further includes a 10second step of activating and adhering surfaces of
substrate | ayers which the reagents are | am nated and anchored to, in which

the first step |nclud rocesses .of dra and dryln an enzyne sol ution
in each of th&wERFSE qﬂﬂﬂ1%ﬁ@ﬁﬁ§q%§l§Péngi &ﬁ fg *Jonucl eoti de

prinmer sol ution. I.n the thod of actur m crochip for the
nucl ei c aci d &M CAGION rERTT IS ¢ rYf%i §v§'?ca61§1 ff:)ncl udes

processes, of dLgHBLIA o], g & rencl LN B fof OlLS saLan ter
betore the, dr gpp 19,01 1. o sonuel sat day AT e
oo 17 Gat o CEOELIGT, 28I SETOUL ST Ll P10 i Va7
sites of the nucleic acid amplification reaction,
formed on a substrate layer.
The method of manufacturing the microchip for the
nucleic acid amplification reaction further includes a
10 second step of activating and adhering surfaces of
substrate layvers which the reagents are laminated and
anchored to, in which the first step includes processesg
of dropping and drying an enzyme solution in each of
the wells, and then dropping and drying an
15 oligonucleotide primer solution.
In the method of manufacturing the microchip for
the nucleic acid amplification reaction, the first step
favorably includes processes of dropping and drying a
reaction buffer solute solution after the dropping and
20 drying of the enzyme solution in each of the wells, and
before the dropping of the oligonucleotide primer
solution.
In addition, in the method of manufacturing the
microchip for the nucleic acid amplification reaction,
25 the second step may include process of activating the

surfaces of the substrate layers with an oxygen plasma



treatment or a vacuumultraviolet light treatnent. [0014]1n the present
invention, "a nucleic acid anplification reaction” includes a conventi onal
PCR (pol ynerase chain reaction) method perform ng a 5tenperature cycle, and
a variety of isothermal anplification nmethods involving no tenperature
cycle. Exanples of the isothermal anplification nethods include an LAW
(Loop- Medi ated | sothermal Anplification) Hethod, an SNAP (Smart
Amplification 10 Process) nethod, an NASBA (Nucl ei c Acid Sequence- Based
Anplification) nethod, an | CAN (Isothernal and Chineric primer-initiated
Anplification of Nucl ei ¢ aC|d neth emark), .a TRC

(transcripti of-5AMEEE (arfscr ﬁﬁWWn¥ qéﬁﬁ %ﬁﬁHRNFK%ﬂFmﬁﬂ& (strand

di spl acenent 15anpl.ificati nmet ho a TVA (transcr ti.on- medi
anplification)F %od, éﬂ%éB?rRﬁQ§§ﬂf(ﬁqﬁﬁQ¥%ﬁﬁﬂ|f% {515 ﬁ%?%%d and the
| i ke. Besides, "the nucleic aci | atjon reaction” elyd ncl udes
nucl ei ¢ acid a?rﬁﬂ]ljfﬁjccﬁqlﬁ??rléea?chﬁjo% fjﬁ}c%efﬁ faﬁ/l%od1%hrliftcf%ﬁc acE% ds at an
al ternating tegy rature or .at. a constant teqH% Ature. AI%Q “the nucleic
acid anplifica 4 ocﬁq'ajrlhﬁeﬁfes FHe éjns VG fY

quantif| ation of a ified elc aci nds real time PCR
(RT- PCR) nmet hgfde r%h %VP dthoc}ga %]Cff cfgjﬁgron "reagents”
g | he reRgent s odLane et Ao MLALNLAG He, alpldld &Qr@ttg{&ec aci d

strands in the Shove-Tentioned Nucl eic Acl tion reaction, and

UOMARSE PRI - et LR S e Sl %gﬁfi@avw&l hSUBEeeNt ary base

sequence to tar
include an LAMP (Loop-Mediated Isothermal

Amplification) method, an SMAP (Smart Amplification

10 Process) method, an NASBA (Nucleic Acid Sequence-Basged
ampiification) method, an ICAN (Isothermal and Chimeric
primer-initiated Amplification of Nucleic acids) method
(trademark), a TRC {transcription-reverse transcription
concerted) method, an SDA (strand displacement

15 amplification) method, a TMA (transcripticn-mediated
amplification} method, a RCA (rolling circle
amplification) method and the like. Besides, "the
nucleic acid amplification reaction' widely includes
nucleic acid amplification reactions for amplifying

20 nucleic acids at an alternating temperature or at a
constant temperature. Also, "the nucleic acid
amplification reaction" includes the reactions
involving quantification of amplified nucleic acid
strands such as a real time PCR (RT-PCR} method and an

25 RT-RAMP method.

(00151 In additicn, "reagents" include the reagents



5nucleic acid strands, a nucleic acid nononmer (dNTP), an enzyne, a reaction
buffer solution (buffer) solute and the |like. Effect of the Invention

[ 0016] The present invention provides a mcrochip 10for a nucleic acid
anplification reaction which allows high-precision analysis by a sinple

met hod. Brief Description of Draw ngs [Fig. 1] A schematic top view of
a mcrochip for a nucleic acid anplificatgon reaction according to the
15present invention. [Fig. 2] A schematic cross-sectional view of the

m crochip (Fig. 1, p-p cross- section) [Figs 3] Schematic views
illustrating anchor ed | ayers reagents |amnated jn each of the
wel I's of the 2owdgddfiph. obt[qﬂlrgmen]ths s%fqtrérﬂa‘%wd VIS § 19 AT YRS HRHS

al ternative exanpl e of anchored |ayers of reagents |lam pated in a wel | of a
mi crochi p. in the [Fhqye Hlent I Fttle 1S AITAITRYL B R hed

25manuf acturing a nmcrochip for a nuclelc acid aqyllflcatlon reac |on
accordi ng to tHRE¢re¥ent2nd SpREhti@hly include oligonucleotide

primer having a complementary base gequence to target
5 nuclieic acid strands, a nucleic acid monomer {(dNTP), an
enzyme, a reaction buffer solution (buffer) solute and
the like.
Effect of the Invention
{0016} The present invention provides a microchip
10 for a nucleic acid amplification reaction which allows
high-precigion analysis by a simple method.
Brief Description of Drawings
[Fig. 1] A schematic top view of a microchip for a
nucleic acid amplification reaction according to the
15 present invention.
[Fig. 2] A schematic cross-sectional view of the
microchip (Fig. 1, p-p cross-section).
[Figs. 3] Schematic views illustrating anchored layers
of reagents laminated in each of the wells of the
20 microchip.
[Fig. 4] A schematic view illustrating an alternative
example of anchored layers of reagents laminated in a
well of a microchip.
[Fig. 5] A flowchart illustrating a method of
25 manufacturing a microchip for a nucleic acid

amplification reaction according to the present



[Fig. 6] A schematic viewillustrating a method of |am nating anchored
| ayers of reagents in a well. Best Mddes for Carrying Qut the Invention

5[ 0018] Her ei nafter,

preferred enbodi nents for carrying out the present

invention will be described with reference to the draw ngs. The enbodinents
described below illustrate only exanples of typical enbodi nents of the

present invention,

and the scope of 10the®present invention is not narrowy

interpreted by the enbodiments. The enbodinents wll be described in the
following order. 1. A mcrochip for a nucleic acid anplification reaction
152. A nethod of manufacturing a mcrochip for a nucleic acid anplification

reaction (2- ljlqﬁﬁqﬁﬂ

9%n of a substrate |ayer al (2-2) Anchoring of an

enzyme and a pyriner to mel 2-3) Surfac activat.i_on and dh SI n of
s 41 5&%@[ s

substrate 20l a

i"leﬁ?’rﬁc]T TG 6 % Ut Saci d

anplification t f
aci d anpl i :‘i caﬂ'[a?“gﬁ%alrtglgtq ﬁﬂ? c,rc 431 C%ersr/]v Tk Sfrl%ch"‘ Red O, @ nucleic

Best Modes for Carrying Out the Invention

5 [oo1is]

Hereinafter, preferred embodiments for

carrying out the present invention will be described

with reference to the drawings. The embodiments

described below illustrate only examples of typical

embodiments of the present invention, and the scope of

10 the present invention is not narrowly interpreted by

the embodiments. The ambodiments will be desgscribed in

the following order.

1. A microchip for a nucleic acid amplification

reaction

15 2. A method of manufacturing a microchip for a nucleic

acid amplification reaction

(2-1)

Formation of a substrate layer al

(2-2) Anchoring of an enzyme and a primer to wells

(2-3) Surface activation and adhegion of substrate
20 layers al and a2
[0019] 1. A microchip for a nucleic acid

amplification reaction

A schematic top view of a microchip for a nucleic

acid amplification reaction according to the present

25 invention {hereinafter simply referred to as a

"microchip") is shown in Fig. 1, and a schematic cross-



25invention (hereinafter sinply referred to as a "mcrochip”) is shown in
Fig. 1, and a schematic cross- 10 sectional view thereof is shown in Fig.
2. Fig. 2 corresponds to a p-p cross-section in Fig. 1. [0020] A microchip
designated as a synbol A includes an entrance 1 through which a sanple
solution enters 5fromthe outside, a plurality of wells configured to
function as reaction sites of a nucleic a&id anplification reaction, a main
fl ow channel 2 that conmunicates with the entrance 1 at one end, and
branched fl ow channel s 3 branchi ng fron1the nain fl ow 10channel 2. The

ot her end of the nmain flow channel onf| e an exit 5 that
drains the saﬁﬁ9¥¥ﬂﬂ%ﬁ|Wﬁ?W(£BQﬁ?o ﬁg ég ?&@ ‘cRannel s 3

branch fromthe main flégy channel 2 atE£03|t|ons be%meen a conmuni cati on

part to the efFHc®PGF thé PGt 33w “Hartiel™™ 25 & conmuni cati on

tt h d /
gg{u}ignt?:nezgﬁFg? anl are CgﬁQICte HAAS %gfgﬁévefﬁﬁé%ﬁatThﬁn§%|ons as a
tenplate (a target .nu i.d st th I
e (2t cl el & G aghihs raqgg AL Lhe, el el6, ackd ammlification

20r eacti on. ni‘ne

5 from the outside, a plurality of wells configured to
function as reaction sites of a nucleic acid
amplification reaction, a main flow channel 2 that
communicates with the entrance 1 at one end, and
branched flow channels 3 branching from the main flow

10 channel 2. The other end of the main flow channel 2 is
configured to be an exit 5 that drains the sample
sclution to the outgide. The branched flow channels 3
branch from the main flow channel 2 at positions
between a communication part to the entrance 1 of the

i5 main flow channel 2 and a communication part to the
exit 5, and are connected to respective wells. The
gample solution can contain DNA&, genome RNA, mRNA or
the like that functions as a template (a target nucleic
acid strand) in the nucleic acid amplification

20 reaction.
ino21] Herein, the case that a total of nine wells
are provided at egual intervals in three rows and three
columns in the microchip A is given as an example.
These nine wellg are zoned in three sections. In Fig.

25 1., the three wells in the upper section are designated

by a symbol 41, the three wells in the middle section



are provided at equal intervals in three rows and three colums in the
mcrochip Ais given as an exanple. These nine wells are zoned in three
sections. In Fig. 251., the three wells in the upper section are designated
by a synbol 41, the three wells in the mddle section 11 are designated by
a synbol 42, and the three wells in the | ower section are designated by a
synbol 43. The sanple solution entered fAdmthe entrance 1 is sent toward
the exit 5 through the main flow channel 2, and 5is sequentially fed to the
internal fromthe branched fl ow channels 3 and the wells provided upstream

exi t 5 my nofis A GEEET 5V ComORE LA neri CPECRTB A My B ‘Bt i gur ed
0 1 he out i AT DOPBTIREHGFOEH X T EURNTEL PO Cea by Adier ngd
i n 1 ow chamEE 2, Ane BraheRea 18] LG Line S el €T 42, and

43 and the edt 8 predounmd . Theamierial ol dhe sybsiale Lavepal of a2

can be gl ass f plrasti ol ypropyl'ene, polycarbonate, cyclo
Sosmor: BreA ™ PGB SO0 e MR, ML 28 st
O s oL S0 3 O SIS WGP, IR g Lot o0l
and solution sending direction. Alternatively, in the
microchip A, the exit 5 may not be an essential
component, the microchip A may be configured so that
10 the sample solution entered from the entrance 1 is not
discharged to the outside.
[cC22] The microchip A is constructed by adhering a
substrate layer a2 to a substrate layer al, on which
the entrance 1, the main flow channel 2, the branched
15 flow channel 3, the wells 41, 42, and 43, and the exit
5 are formed. The material of the substrate layer al or
a2 can be glass and a variety of plastics
(polypropylene, polycarbonate, cyclo olefin polymer,
polydimethyl siloxane). When the nucleic acid strands
20 amplified in the wells 41, 42 and 43 are optically
detected or quantified, the materials of the substrate
layer al or a2 are preferably selected from materials
having light permeability, less autofluorescence, and
less optical errors because of a small wavelength
25 disgpersion.

[0023] A plurality of reagents needed for the



| ess opti cal
plurality of

42 and 43. Figs.

errors because of a small wavel ength 25di spersion. [0023] A
reagents needed for the 12 nucleic acid anplification
reaction are |am nated and anchored in a prescribed order in the wells 41,

3 show exanpl es of anchored | ayers of the reagents

| am nated in each of the wells. Fig. 3(A), (B) 5and (C) show the anchored
| ayers of the reagents laminated in the Well 41, the well 42 and the well

43, respectively.

[ 0024] The reagents anchored to the wells are the reagents

needed for obtaining the anplified nucleic 10acid strands in the nucleic
acid anplificatiqn reaction, and s eC|f|caII i ncl ude _an .ol i gonucl gotide
a@mrgplaa@ecp FeTG LAY

primer having &

O Fargét it

strands,

I ct uf f | ut buf f
ol ute and 1SEHENTHE Fha %%%%"fp@@f@g D o e Than' one

of these.

such as the orifer &

or the order

10

15

20

25

of

and

The order t am nat e these reagent.,s.can_be |n ny order
Fg'ollg§%8@ 8§?W82e5r %e?ncﬁ%fsd ERYVRE, B Fﬁ & sol ut e"
aduiffer, 20solute,; enzyne. ANTE, .ol gonug;cot '3‘1%) priggr”

(C) show the anchored layers of the reagents

laminated in the well 41, the well 42 and the well 43,

respectively.

[6024] The reagents anchored to the wells are the

reagents needed for obtaining the amplified nucleic

acid strands in the nucleic acid amplification

reaction, and specifically include an oligonucleotide

primer having a complementary base seguence to target

nuclelic acid strands, a nucleic monomer (dNTP), an

enzyme, a reaction buffer solution {buffer) solute and

the like. 7The anchoring reagents can be one or more

than one cof these.

The order to laminate these reagents can be in any

order such as the order of "oligonucleotide primer,

dNTP,

enzyme, buffer sclute" or the order of "buffer

solute, enzyme, ANTP, oligonuclecotide primer".

In addition, a part of these reagents, for example,

the primer and the buffer solute, or the primer and

dNTP may be mixed and anchored.

The reagents needed for detecting and quantifying

the amplified nucleic acid strands, such as a

fluorescent reagent (fluorescent pigment) or a



In addition, a part of these reagents, for exanple, the priner and the
buffer solute, or the prinmer and dNTP may be m xed and anchor ed.

The reagents needed for detecting and quantifying 25the anplified nucleic
acid strands, such as a fluorescent reagent (fluorescent pignent) or a 13
phosphorescent reagent (phosphorescent pignent), can be anchored in the
wel | s as needed, although it is not essertial for obtaining the anplified
nucleic acid strands. 5[0025]Here, a case is shown that first the anchored
| ayers of the enzynes E are forned in the wells 41, 42 and 43, and then the

anchored | ayers of the oligonucleotide primers (hereinafter sinply referred
to as "primers") PIRLIEPLE TR & $3F6 Hat P IHS TERF S AL ADHEE S i bed
| ater, an anchored | ayer of a reaction buffer solute may be | am nated

bet ween the arfHorkd a8 TeH Yhe-th el AP tHESREhG e PeERr of1% he
prinmer (the details are described bel ow). [0026] The j;_ori mers. P, P2 and P3
may be the pritl SIHEATY THe QiR %I%MJ‘; HatD He primers
havi ng di fferent base sequences when a plurality of target nucleic acid
strands are anpti¥4%d in the mcrochip A For exanple, when a genotype is

determ ned using the mcrochip A the. priners having. different 20bas
sequences cor r é&hondi ng 1F ¢ he? % s%%@ﬁ"& 2t e Jp]é%tfi@%@gaerh tYPes are
anehor e 0 Ll %l 42 000 43,0 TSSDoCt el v e o pontagl up 1o
and 43, and then the anchored layers of the
oligonucleotide primers (hereinafter simply referred to
as "primers") P1, P2 and P3 are laminated thereover. As
10 described later, an anchored layer of a reaction buffer
solute may be laminated between the anchored layer of
the enzyme and the anchored layer of the primer (the
details are described below).
[c026] The primers Pl, P2 and P3 may be the primers
15 having the same base sequences, but may be the primers
having different base sequences when a plurality of
target nucleic acid strands are amplified in the
microchip A. For example, when a genotype is determined
using the microchip A, the primers having different
20 base sequences corresponding to the base sequences of
respective genotypes are anchored to the wells 41, 42
and 43, respectively. When a contagium is determined
using the microchip A, the primers having different
bagse sequences corresponding to the gene seguences of

25 respective viruses and microbes are anchored similarly.

In this regaxrd, the enzymes E anchored to the



base sequences corresponding to the gene sequences of 25respective viruses
and m crobes are anchored simlarly. In this regard, the enzynmes E anchored
to the 14 respective wells need to be the sane. [0027] Thus, the reagents
needed for the reaction are anchored to the well in advance, so that the
reaction can be started only by feeding the remai ning 5reagents and the
sanpl e solution containing the target nucéleic acid strands into each of the
wells fromthe entrance 1, in the mcrochip A This nakes it possible to
decrease the nunber of the reagents m xed in advance, and to avoid the

| abor of m xing, which real.izes sinple 10anal ysis. Further, all of
the reagents rféedsd oS W@lrlé‘a&%eéﬂptéjr fandtorddSo the well in advance, so

that the reactjon can be started only by feedi t.he l.e sql.ution

cont ai ni ng theﬂquQr7 et nudlic ores%/greé%c?s r’f?é{]egineg]oﬂliﬁ%g ﬁe&ﬁocijféﬂs nor e
simpl e anal ysis. [0028]1n, addition, in the mcrochip A, the.reaction is
started only & tertHETEhditi g r“zaﬁ_:\gfe]ntlsrl adélfatlhcee’saso%lﬁehastoﬁcurﬁ on cont ai ni ng

e, Lot Mo S AL L, YR dsrsall e e
can De Sont 1oL Led St Ly A0 M P50 300, B AL AP e

nucleic acid strands into each of the wells from the
entrance 1, in the microchip A. This makes it possible
to decrease the number of the reagents mixed in advance,
and to avoid the labor of mixing, which realizes simple

10 analysis.

Further, all of the reagents needed to the

reaction are anchored to the well in advance, so that
the reaction can be started only by feeding the sample
solution containing the target nucleic acid strands

15 alone, which realizes more simple analysis.
[oo28] In addition, in the microchip A, the reaction
is started only after the remaining regents and the
sample solution containing the target nucleic acid
strands are fed into the respective wells and the

20 reagents anchored to the wells are dissolved, so that
the reaction time can be contrclled strictly and high-
precision analysis can be provided.
[0029] Furthermore, the anchored layer of the primer
that is added to the reaction system in an excess

25 amount and is relatively stable to the change in

temperature etc. is laminated over the anchored layer



that is added to the reaction systemin an excess 25anount and is
relatively stable to the change in tenperature etc. is |am nated over the
anchored | ayer 15 of the enzyne that is unstable to change in tenperature,
change in humdity, and light and easily decreases its activity or be
deactivated as conpared with the priner, dNTP and the buffer solute, so

t hat 5the anchored | ayer of the primer ca protect the anchored | ayer of
the enzyne. Thus, the decrease in the activity or the deactivation of the
enzynme caused by the change in tenperature etc. at the tinme of manufacture
and storage of the mcrochip A can be 10 revente 58¥003 Al t hough t he above

description i LexptaiTEy™sy ttl"r‘?’ét casét £ 1%t 4 wel |'s are
provided in three roms and hree col yms, at equal rval s.in t.

mcrochip is giSPREETHF e ‘H‘Urfﬁér e?r?dillsﬁﬁ(}é (T ThS B }ﬁe vel |'s
can be used, d t he shapes of th ang qﬁ_ t(%]ed to the lelnder
shown in fi gur qarﬁefddlttﬁ G5 B 360(?1]? o Gf-The T 1 oW channel s to
feed the sanpl i £ |on entere entrance 1 ot es ective
well's is not ‘ié”@éfteﬁ”e é&)ge% #r@h r}:) fa{l F1ow'e annge1 tquzcgd t he

br anched f|OM/ annel mn |n t Furt [ qug

expl ai ned that™ihet ré‘fﬁ‘? é:]et Sne % or rrl{;((ef) @%,#1 subst rat e | ayer
al, the entrange .l 0fs Hig,d koef B &%@. { QR0 halh o b S UpSLhal

| ayer al

activity or the deactivation of the enzyme caused by
the change in temperature etc. at the time of
manufacture and storage of the microchip A can be

10 prevented.
[0030] Although the above description is explained
by the case that a total of nine wells are provided in
three rows and three columns at equal intervals in the
microchip is given as an example, any numbers and

15 positions of the wells can be used, and the shapes of
the wells are not limited to the cylinder shown in
figures. In addition, the configuration of the flow
channels to feed the sample solution entered from the
entrance 1 into the respective wells is not limited to

20 the aspect of the main flow channel 2 and the branched
flow channel 3 shown in the figure. Qurther, although
it is explained that the entrance 1 or the like is
formed on the substrate layer al, the entrance 1 or the
like may be each formed both on the substrate layer al

25 and the substrate layer a2. The substrate layers

constituting the microchip may be two or more.



25and the substrate |ayer a2. The substrate |ayers constituting the

m crochip my be two or nore. 16 [0031]In addition, although the above
description is explained by the case that the anchored | ayer of the priner
is |am nated over the anchored | ayer of the enzynme, the reagents may be

| am nated in any order, 5e.g., the anchored | ayer of the enzyme nmay be

| ami nat ed over the anchored layer of the Jiner (see Fig. 4). In this case,
an anchored | ayer of a reaction buffer solute may be | am nated between the
anchored | ayer of the enzynme and the anchored | ayer of the priner (the

e Lol 2, LS T ot
LN sample sollon 1901 e Uhe, fespective vells e ibe enyiance 1
Lnet 15 0 ssolyed, el f o, 1By be | e 4 et Cprne-sonuan nat o)
o nat a1 0p,, £Loss-sorangal o1, o Lhe BeLEI- o0, 200 dhgvented
Lhe ensyre, and g SoBD Atyiled! spoluian ol e aneharet s el dbe

25a nucleic aQé&%f”gﬂéfgﬁéggfghrf§¥é£(EE the primer (see Fig. 4). In

this case, an anchored layer of a reaction buffer
solute may be laminated between the anchored layer of
the enzyme and the anchored layer of the primer (the
10 details are described below).
[0032] When the anchored layer of the primer is
laminated atop, after the dissolving of the anchored
layer of the primer with the sample sclution fed into
the respective wells from the entrance 1 and before
15 dissolving of the enzyme to start the reaction , the
primer, that is dissolved beforehand, may be
interdiffused (cross-contaminated) between the wells.
In contrast, when the anchored layer of the enzyme is
laminated atop, cross-contamination of the primer can
20 be prevented because the reaction starts after the
dissolving of the anchored layer of the enzyme, and as
soon as the dissolving of the anchored layer of the
primer is started to be.
[0033] 2. A method of manufacturing a microchip for
25 a nucleic acid amplification reaction

Next, the method of manufacturing the microchip



Next, the method of manufacturing the mcrochip 17 according to the

present invention will be described referring to the flowhart in Fig. 5.
As an exanple, it will be explained bel ow taking the above-nentioned

m crochip A 5[0034](2-1) Formation of a substrate |ayer al In Fig.
5, a synbol Si is a step of formng a substrate layer al. In this step, an

entrance 1, a main flow channel 2, a brardched flow channel 3, wells 41, 42
and 43 and an exit 5 are formed on the substrate |ayer 10al. The formation
of the entrance 1 and the ot her conponents on the substrate Iayer al can be
carried out by, for exanple, wet-etc

d
sublst r?te I a;t;ei'cccﬁ? J:ﬂ/g &%Bﬁﬁﬁ the%bttjlr%h%ﬁaqﬂ&%g %esc k%l hg work of
a plastic substrate |a er 35 d
RI‘I rremr) ItOS\§e| |7 t CSZt]}L“is @ ”%C(JE‘Z% %I :%ht %‘gagngg% %?he”%v\el | s.
S o] IS ﬁﬂs e nc o |n tot
y %é’ q(gl %%&I rrertheo 1e \A%éﬁtt c?steps 92

and 93 corres g and anc orlng 4 plurality of
reagent s needed for he'%eactlon in a prescribed order in the wells (the
first step). [OU036]The" r'éagents anchored in the wells are the

5 [0034] (2-1) Formation of a substrate layer al
in Fig. 5, a symbol Sl is a step of forming a
substrate layer al. In this step, an entrance 1, a main
flow channel 2, a branchad flow channel 3, wells 41, 42
and 43 and an exit 5 are formed on the substrate layer
10 al. The formation of the entrance 1 and the other
components on the substrate layer al can be carried out
by, for example, wet-etching or dry-etching of a glass
substrate layer, or by nancimprinting, injection
molding or cutting work of a plastic substrate layer.
15 [o035] {2-2) Anchoring of an enzyme and a primer to
wells
A symbol 82 is a step of anchoring the enzyme to
the wells. A symbol S3 is a step of anchoring the
primer to the wells. The steps S$2 and 83 correspond to
20 the step of laminating and anchoring a plurality of
reagents needed for the reaction in a prescribed order
in the wells (the first step).
[0036] The reagents anchored in the wells are the
reagents needed to provide the amplified nucleic acid
25 strands in the nucleic acid amplification reaction, and

specifically include an oligonucleotide primer having a



reagents needed to provide the anplified nucleic acid 25strands in the

nucl eic acid anplification reaction, and specifically include an

ol i gonucl eotide priner having a 18 conpl enentary base sequence to target
nucleic acid strands, a nucleic acid nonomer (dNTP), an enzyne, a reaction
buffer solution (buffer) solute and the Iike. The anchoring reagents can be
one or nore than one of 5these. The orderi8 o | anmi nate these reagents can be
in any order such as the order of "priner, dNTP, enzyne, buffer solute" or
the order of "buffer solute, enzynme, dNTP, priner”. 10ln addition, a part
of these reagents, for exanple, the priner and the buffer, solute, or the
primer and dNFORACTHE RSP Sfr%%&fr?d.tc[ JFFAT Bk He SBildtion of the
enzynme E is dropped, and dried in the wells 41, nd 43 in the step S2,
15and the sol RGWGHEDf & FE DS e 11 NPT e FFoppEd ™nd ri ed

| am mat e over S ST HOH SR S0 O e iy S THE e P1 T and Pa

may be the prgﬂ%rs h@/i ng the sane. be}:se g{ieig(rquergceosf HE)urte Zcq{nglaﬁ/ Obee ftoh§ priners

havi ng differ (B ‘?%%E%H%%%ﬁﬂhé% LI at'tT v of tar get™ nucteic aci d

strands are oo

The order to laminate these reagents can be in any
order such as the order of "primer, JdNTP, enzyme,
buffer solute" or the order of "buffer sgolute, enzyme,
dNTP, primer",

10 In addition, a part of these reagents, for example,
the primer and the buffer solute, or the primer and
dNTP may be mixed and anchored.

[0037] Here, the solution of the enzyme E is dropped
and dried in the wells 41, 42 and 43 in the step S2,

15 and the solutions of the primers PL, P2 and P3 are
dropped and dried respectively in the step S3, whersby
the anchored layer of each primer is laminated over the
anchoréd layer of the enzyme. The primers Pl, P2 and P3
may be the primers having the same base seguences, but

20 may be the primers having different base sequences when
a plurality of target nucleic acid strands are
amplified in the microchip A. In this regard, the
enzymes E anchored to the respective wells need to be
the same.

25 {0038} The anchoring of the reagents are carried out

by, for example, air drying, vacuum drying, or freeze



anplified in the mcrochip A In this regard, the enzynes E anchored to the
respective wells need to be the sane. 25[0038] The anchoring of the reagents
are carried out by, for exanple, air drying, vacuumdrying, or freeze 19
drying the dropped solution, and preferably by gradual drying. As to the
enzynme, critical point drying is also effective in order to prevent the
decrease in the activity or the deactivatison. 5[ 00391At that tinme, the
enzyme anchored in the step S2 may be redi ssol ved by the priner solution
dropped in the step S3. Wien the enzyne and the priner are m xed due to

redissolving, it is unfavorable because the anplifying of prinmer dinmers may
occur. 10l n ordderino threviamprngte sAdditigrof ae @ﬁ%@%ﬂh’d hemduser, in

the step S3, it is preferable to keep the mcrochip at |ow tenperature
(about -10C) idrvddigancds §6 Chat SRREYEr| FEF 6Pt POATEr 85PéRInay BeSProzen
and freeze dried. 15Alternatively, the follow ng nmethod may be used. The
method is, ke&HifRFtHivE dahigraar ItewRisHsaatte d5FaERRmde td%oppi ng wat er
and freezing it, then dropping the priner solution and conducting its
freeze dryi ng2%dnid et Urdaatd 1'¢ evporate an intermedi ate [ayer 20of

i ce. In addition, it is nmore preferable to use the follow ng nethod.
The netffod is, {4 ng tHe Thal oD dth9 GRS 9 r?‘rhcf%fncsg‘,eP

dropping the qg;%%&'be redissclved by the primer solution dropped in

the step 83. When the enzyme and the primer are mixed
due to redissolving, it is unfavorable because the
amplifying of primer dimers may occur.

10 In order to prevent the mixing of the enzyme and
the primer, in the step $3, it is preferable to keep
the microchip at low temperature (about -10°C) in
advance, so that the primer solution dropped may be
frozen and freeze dried.

15 Alternatively, the following method may be used.
The method ig, keeping microchip at low temperature in
advance, dropping water and freezing it, then dropping
the primer solution and conducting its freeze drying,
and then air drying to evaporate an intermediate layer

20 of ice.

In addition, it is more preferable to use the
following method. The method is, keeping the microchip
at low temperature in advance, dropping the buffer
solute solution and conducting its freeze drying,

25 laminating an anchored layer of a buffer solute B over

the anchored layer of the enzyme E, and after that,



solute solution and conducting its freeze drying, 25l am nating an anchored
| ayer of a buffer solute B over the anchored | ayer of the enzyne E, and
after that, 20 dropping the priner solution, then air drying, vacuum
drying or freeze drying. Thus, a three-|layered structure, where the
anchored | ayer of the buffer solute is | am nated between the anchored | ayer
of the 5enzyne and the anchored | ayer of 2Che priner, is forned in each of
the well (see Fig. 6). Al so, these nethods can be enployed in order to
prevent the m xing of the priner, when the anchored | ayer of the enzyne is

| am nat ed over_the anchored 10l ayer _of ,the priner.. [0040Q] (2-3). Surface
activation andiRe% 6T B rﬁoéqtd}?é}'s%ﬁenar?&r[a?orym(g’ A)asc)}z ol 54 is

a step of actiyvating the surfaces of the. substrates |ayers al and a2. A
synbol S5 is £D5N%PTof AR ity tife sﬁﬁg?ra?e%hgﬁgfgggFrgﬁd a2. The steps

e e Se AR (Rl SRR g el g e s aces, o
second step). szool[uotoemi]s-rq%znsi%%sctercf‘ tbeetlw%/e%r t:%le aa%k{cﬂeeds lﬁ%%}érato% the
5 enzyme and the anchored layer of the primer, is formed
in each of the well (see Fig. 6).

Also, these methods can be employed in order to
prevent the mixing of the primer, when the anchored
layer of the enzyme is laminated over the anchored

10 layer of the primer.

[0040] (2-3) Surface activation and adhesion of
gsubstrate layers al and a2

A symbol S84 is a step of activating the surfaces
of the substrates layers al and a2. A symbol S5 is a

15 step of adhering the substrate layers al and a2. The
steps S4 and S5 correspond to the step of activating
and adhering the surfaces of the substrate layers to
which the reagents are laminated and anchored (the
second step) .

20 [0041] The substrate layer al and the substrate
layer a2 can be adhered by, for example, adhesion using
an adhesive or an adhesive sheet, heat seal, anodic
bonding or ultrascnic bonding.

Also, there can be used a method of activating and

25 adhering the surfaceg of the substrate layers with an

oxygen plasma treatment or a vacuum ultraviolet light



| ayer a2 can be adhered by, for exanple, adhesion using an adhesive or an
adhesi ve sheet, heat seal, anodic bonding or ultrasonic bondi ng.

Al so, there can be used a nethod of activating and 25adhering the surfaces
of the substrate layers with an oxygen plasma treatnent or a vacuum
ultraviolet light 21 treatnent. Plastics such as pol ydi nethyl sil oxane and
gl ass have high affinity. Wen their surfadces are activated and contacted,
dangling bonds are reacted to formstrong coval ent bonds, i.e., Si-OS
si l anol 5bonds, thereby providing the adhesi on having sufficient strength.

The oxygen plasma treatnment or .the vacuumultraviolet light treatnent is
carried out byt%ﬁﬁqﬁqﬂ}“apﬁﬁaﬁFP§§es FFiQﬁéY%éﬂﬁﬁﬁﬁﬁgsg PRE“nEterial s of

the substrate |ayers. 10[0042] Thus,. by separately anchaqring and | am nating
the enzyme and} Fs]'falvr?ermﬁj“ tﬁ%’?g' o%%teﬁ’et st P a1‘3§%era_§€'30n whi ch the
vel s are [o1 e Lhe d <agenls con. be cnchey e Ahoupromling e
drying e, ol kLo ULk K L0 eate; of, 11X 1 Lhes gyt pnd e pr e
o T he e (AL bAYPLEIRE A SHEER 2 B d B SRLALT Vel Y
gstrength. The oxygen plasma treatment or the vacuum
ultraviolet light treatment is carried out by setting
appropriate conditions depending on the materials of
the substrate layers.
10 {0042] Thus, by separately anchoring and laminating
the enzyme and the primer in the wells of the substrate
layers on which the wells are formed, the reagents can
be anchored without promoting the amplification
reaction of the primer dimers in the course of dropping
i5 and drying the solution, unlike in the case of mixing
the enzyme and the primer and anchoring them.
[0043] Furthermore, the anchored layer of the primer
that is added to the reaction system in an excess
amount and is relatively stable to the change in
20 temperature etc. 1s laminated over the anchored layer
of the enzyme that is unstable to change in
temperature, change in humidity and light and easily
decreases its activity or be deactivated, so that the
anchored layer of the enzyme can be protected from

25 heat, plasma or ultraviolet light irradiation in the

step S4. In other words, when the surfaces of the



20t enperature etc. is |lamnated over the anchored |ayer of the enzyne that
is unstable to change in tenperature, change in humdity and |ight and
easily decreases its activity or be deactivated, so that the anchored | ayer
of the enzynme can be protected from 25heat, plasma or ultraviolet |ight
irradiation in the step S4. In other words, when the surfaces of the 22
substrate layers to which the reagents ard anchored are activated by the
oxygen plasma treatnent or the vacuumultraviolet light treatnent, the
anchored | ayer of the priner protects the enzyne beneath as well, whereby
the S5decrease in the activity or the deactivation of the enzyne caused by
the plasma or $HRETRTRABIEES 15YMETTH it FETHT t?&epraéyéﬁﬁff are
[ 0044] Al t hough t he above description is explained by the case that the
anchored | ayer2 L {heebriver’s s&lﬂ%%%&o aq't’?%“tarf%o&é% T4yt of the
enzyne, the reagents, e, lam nated in any order, e.g., the anchored
| ayer of the ﬁ%vh@/tbgl*% et - EveT - t eaam:%(?%edgl]a%?r o‘?gt T pri mer
(see Fig. 4). In this c is also effective that ]gﬂ awchored l.ayer of
or'e

a 15reacti on BUFYRTT s%’f%segdtrslstﬁ‘ké% HAEEY petieen: the ‘o THer 5t the
enzyme and the, anchored, | ayer of the primen, lodustrial; applicabllity

enzyme caused by the plasma or the ultraviolet light
irradiation can be prevented.
[c044] Although the above description is explained
by the case that the anchored layer of the primer is

10 laminated over the anchored layer of the enzyme, the
reagents may be laminated in any order, e.g., the
anchored layer of the enzyme may be laminated over the
anchored layer of the primer (see Fig. 4). In this
case, it is also effective that an anchored layer of a

15 reaction buffer solute is laminated between the
anchored layer of the enzyme and the anchored layer of
the primer.
Industrial Applicability
[0045] The microchip for the nucleic acid

20 amplification reaction accorﬁihg to the present
invention allows high-precision analysis by a simple
method. Thus, the microchip for the nucleic acid
amplification reaction according to the present
invention can be used for the microchip type nucleic

25 acid amplification apparatus for genotype determination

, contagium determination or the like.



[ 0045] The m crochip for the nucleic acid 20anplification reaction according
to the present invention allows high-precision analysis by a sinple nethod.
Thus, the mcrochip for the nucleic acid anplification reaction according
to the present invention can be used for the mcrochip type nucleic 25acid
anplification apparatus for genotype determ nation , contagi um
deternmination or the like. 23 Descripti &3 of Synbols [0046] Anicrochip for
nucleic acid anplification reaction enzyne 5P, P2, P3prinmer lentrance
2mai n fl ow channel 3branched flow channel 41, 42, 43well

Description of Symbols

[0046]
piy microchip for nucleic acid amplification reaction
H enzyme
5 P1, P2, P3 primexr
1 entrance
2 main flow channel
3 branched flow channel
41, 42, 43 well

i0 5 exit



105exit 24 Clains [1] A mcrochip for a nucleic acid anplification
reaction, conprising: 5an entrance through which a liquid enters fromthe
out si de; a plurality of wells configured to function as reaction
sites of the nucleic acid anplification reaction; and 10a fl ow channel

t hrough which the liquid entered through the entrance is fed into each of
the wells, wherein a plurality of Péagents needed for the reaction
are |lam nated and anchored in a prescribed order in each of the wells. 15
[2] The microchip for the nucleic acid anplification reaction according to
claim1l1, wherein an anchored | ayer of an oligonucleotide priner is

| am nat ed over an anchored | ayer of an enzyne. 20 [3] The mcrochip for
the nucleic acid anplification reactionjaggrding to claiml,

[1] A microchip for a nucleic acid amplification
reaction, comprising:

5 an entrance through which a ligquid enters from the
cutside;

a plurality of wells configured to function as
reaction sites of the nucleic acid amplification
reaction; and

10 a flow channel through which the liguid entered
through the entrance is fed into each of the wells,
wherein a plurality of reagents needed for the
reaction are laminated and anchored in a prescribed

order in each of the wells.

i5
[21  The microchip for the nucleic acid amplification
reaction according tec claim 1,
wherein an anchored layer of an oligonucleotide
primer is laminated over an anchored layer of an enzyme.
20

3] The microchip for the nucleic acid amplification
reaction according to claim 1,

wherein an anchored layer of an enzyme is
laminated over an anchored layer of an oligonucleotide

25 primer.



wherein an anchored | ayer of an enzyne is |am nated over an anchored | ayer
of an oligonucl eotide 25prinmer. 25 [4] The mcrochip for the nucleic acid
anplification reaction according to claim2 or 3, wherei n an anchored
| ayer of a reaction buffer solute is |am nated between the anchored | ayer

of the 5enzyne and the anchored | ayer of the oligonucleotide priner. [5] A
met hod of manufacturing a microchip for &3nucleic acid anplification
reaction, conprising: 10a first step of |lam nating and anchoring a
plurality of reagents needed for the reaction in a prescribed order in each

of a plurality af | I's confi function as r.eacti ites of the
nucleic acid & Ii&%&ﬁﬁc’r % P 151 S thgjsatafrﬁel%ecer [ 6]
The met hod of nangiacturig%?. q{ Ch%ﬁgfor the nucleic acid

anpl i fi cati on T EECtiBh SO 2 5°% Ur't her conpri sing: 20a second
step of activating_and adherln urf of t S t I to which
the reagents are | iﬁieﬁaet 84 aé%cfgé r(??dtcagay\ﬁner el qpesad’t%ﬁ% q%/fffésr step

| o udes Processes of Aokl f%giﬂ%e%r“xee@p 3L eaw[ger hdjan g gach of the

wel I's, and 25t opplng an ng an o I'gonucleot e pri mer
5 enzyme and the anchored layer of the oligonucleotide

primer.

[5] A method of manufacturing a microchip for a
nucleic acid amplification reaction, comprising:

10 a first step of laminating and anchoring a
plurality of reagents needed for the reaction in a
prescribed order in each of a plurality of wells
configured to function as reaction sites of the nucleic
acid amplification reaction, formed on a substrate

15 layer.

[6] The method of manufacturing the microchip for the
nucleic acid amplification reaction according to claim
5, further comprising:

20 a second step of activating and adhering surfaces
of the substrate layers to which the reagents are
laminated and anchored, wherein

the first gtep includes processes of dropping and
drying an enzyme solution in each of the wells, and

25 then dropping and drying an oligonucleotide primer

soclution.



solution. 26 [7] The method of manufacturing the mcrochip for the
nucl eic acid anplification reaction according to claim®6, wherein the
first step includes processes of dropping and drying a reaction buffer
solute solution after the dropping and drying of the enzyne solution in
each of the wells, and before the dropping of the oligonucleotide priner
solution. 10 [8] The nethod of manufacturideng the mcrochip for the nucleic
acid anplification reaction according to claim7, wherein the second step
i ncl udes process of 15activating the surfaces of the substrate layers with
an oxygen plasma treatnment or a vacuumultraviolet |ight treatnent.

[7] The method of manufacturing the microchip for the

nucleic acid amplification reaction according to claim

6,

5 wherein the first step includes processes of
dropping and drying a reaction buffer solute solution
after the dropping and drying of the enzyme solution in

each of the wells, and before the dropping of the

oligonucleotide primer solution.

10
18] The method of manufacturing the microchip for the
nucleic acid amplification reaction according to claim
7,
wherein the second step includes process of
15 activating the surfaces of the substrate layers with an

oxygen plasma treatment or a vacuum ultraviclet light

treatment.



