Analysis Chip, Analysis Method and Method for Stirring Solution TECHNICAL FIELD [0001] The
present invention relates to an analysis chip comprifing a carrier on 5which a substance(s) (herein
referred to as "selective binding substance") selectively binding to a test substance is(are)
immobilized, which chip is for measuring the amount of a test substance bound to the carrier through
the selective binding substance by selectively binding the solution containing the test substance with
the selective binding sibstesic€his welias tdvRthadalysislotetddd:ditd@anmethodoaf stirring 10the
solution using the analysis chip. BACKGROUND ART [0002] Genetic information analyses of various
organisms haVB®dehstdrtediliRformation concerning a number of genes including human gene and
base sequences 15thereof, proteins encoded by the gene sequences and sugar chains secondarily
produced fror[pﬂ‘l)é]proteins have been rapidly revealed. The functions of macromolecules such as

genes, proteins and qsyga{eggn ingvg\ﬁlggﬁera%%%ggcesa}lﬁgvgmbggn <(:4)arifilelgL can pa%%aoryined by various
methods. As major onespregardlng nucleic acids, the re%tlonsmps%gtwe(?n various genes and

expresgions %@i@l%%ﬁ_@!st%ﬁ&:‘&?t{ﬁ%yﬂ%f&f% be-examivedhyiublizipgthe nuckeigiagid/nucleic acid
u

complementarity of various nucleic acids by a method such as Northern blotting or Southern blotting.

As for proteinsifgingtions:d: protinsaRtexprassivnsdheréotican: pé examined iy didizing the
protein/protein reactions by a method represented by Western blotting. 25[0003]

amount of a test substance bound to the carrier through the selective binding
substance by selectively binding the solution containing the test substance with the
selective binding substance, as well as to an analysis method and a method of stirring

10 the solution using the analysis chip.
BACKGROUND ART
[0002}

Genetic information analyses of various organisms have been started.

Information concerning a number of genes including human gene and base sequences

15 thereof, proteins encoded by the gene sequences and sugar chains secondarily
produced from the proteins have been rapidly revealed. The functions of
macromolecules such as genes, proteins and sugar chains whose sequences have been
clarified can be examined by various methods.  As major ones, regarding nucleic
acids, the relationships between various genes and expressions of biological

20 functions thereof can be examined by utilizing the nucleic acid/nucleic acid
complementarity of various nucleic acids by a method such as Northern blotting or
Southern blotting.  As for proteins, functions of proteins and expressions thereof
can be examined by utilizing the protein/protein reactions by a method represented by
Western blotting.

25 [0603]

In recent years, as a method of analyzing expressions of a number of genes in

one time, a novel analysis method called DNA microarray method (BNA chip



2 method) has been developed and is drawing attention. This method is to detect and quantify nucleic
acids based on nucleic acid/nucleic acid hybridizatign reaction, so that its principle is the same as
those of the conventional methods. This DNA chip method can be applied to the detection and
guantification of proteins or sugar chains based on the protein/protein, sugar chain/sugar chain, or
sugar chain/protein specific reactions. This technique is largely characterized in that a flat glass
substrate calkedthidybasraseodBNaeipah whitkiagaitaméeof D fregmeéntdopletsirandr sugar
chains are arrayed and immobilized at a high density is used. Examples of the concrete method of
using the DNAushiifs mslisireamidshosrswheresieyaid micigisavig Byhuishiprdea denfiiaieéfl of interest

labeled with a flugrescent dye or the like are su%’ cted to h¥bridizati nont ﬂ?ﬁubsgate with
nucleic acids TENEPEIERAL ESSHHERERET 9 §?81%9fa’ﬁ8 RS Rinich e’ hybridiZation occurs

are detected by pigh speed seanning.usion.a iolesolion delFelan ARRAIBIS(FeATRED: and

methods wherein respons as electric currents based on electrochemical 15reactions are

detected. By {hese methadsdhgAnauntghthesesneciive genasinihesampiesanieigidickly

estimated. Further, the application field of the DNA cﬁips is not limited to the expression analyses of
genes, but theymaredargeliiexpseigd:as meanhsdersetectdgsihgle fiacidetidepatymarhisms (SNPs)
of genes. [0004] 20DNA chips are now mostly used for examining a number of genes in one time for
research purposeoarsingtieohighimowhibicthe membe a8 Miahyue Bt AIEHE53EEMS to several
thousands are mounted. In the future, it is expected that DNA chips will be usedérag%i field of

diagnoses. INGaE SFLATIYA PINADSRRPIIF St AdEED (RO SUMESF thEteRP&Y e which can be
collected may be very small, 25In. such e, the sensitivity of the current DNA chips.is;not sufficient,
so that the mgﬁgﬁ?%t% lﬁ%ﬁtﬁﬁ%&?gﬁ%ﬁﬁg Shis IIB:HI ﬁﬁ%éﬁﬁo Vs Lo ag LB

Stance may be oreover, with the current DNA chips,

the fugrescence s ARG BN dRaon shAGRNE AR 8y S SRERRIDIYRIsemal Is very

weak; so that a gene may not be analyzed in practice. Thus, it is a problem of the current DNA

chips to incregas@hedikareseanss iniensivatiernyhidizatoninvases oviterathe amount of the test
substance is small or the expression level of the gene is small. To solve this problem, a point is to how

efficiently DNAsmasidrpeoherDiNAscaradeheteds Aswhnbtthed phedicigntyorenttieng Hieatdvhich are test
substances and the probes, since the natural diffusion of the test substances is insufficient, it has been

proposed to sty iHelsengebpcapninsisttceiighsardudat e HE BT IRE DINIBRER dife test

substances. ) , :
methods wherein responses such as electric currents based on electrochemical

15 reactions are detected. By these methods, the amount of the respective genes in the
sample can be quickly estimated.  Further, the application field of the DNA chips is
not limited to the expression analyses of genes, but they are largely expected as
means for detecting single nucleotide polymorphisms (SNPs) of genes.

[0004]

20 DNA chips are now mostly used for examining a number of genes in one time
for research purpose, using the chip on which the genes as many as several tens
thousands to several thousands are mounted. In the future, it is expected that DNA
chips will be used in the field of diagnoses. In case of using a DNA chip for
diagnosis, the amount of the test substance which can be collected may be very small.

25 In such a case, the sensitivity of the current DNA chips is not sufficient, so that the
measurement of the test substance may be difficult. Moreover, with the current

DNA chips, the fluorescence intensity after the hybridization of a gene whose



10[0005] As an example where the test substance solution is stirred, Patent Document 1 discloses
a method wherein a test substance solution mixed with particles or bubbles is brought into contact with
a carrier on which selective binding substances reaéting with the test substances are immobilized, and
the test substance solution is stirred by 15moving the particles or bubbles to increase the efficiency of

the reaction with the test substances, thereby increasing the signal intensities after the hybridization.

[0006]  Patgpilnsumestti? distlasesra melhod waesetn a pluealityyafsWebiagk regians are formed
in which protrusions on which selective binding substances are 20respectively immobilized are arrayed
in the form ofpreatiix, arlthtiseitestsubbiancd ol wtiorvis Siifredibysimoviegasartficles or microrods in the
recesses in the subblock regions and in the recesses between the subblock regions, thereby
increasing thd! FEERIFEACETERIAEY Higs MBHdEtdispstaness. ThaESiRrEBEiHE $EESEES between the

subblock regions is larger than that of the recesses in the subblock regigns, and the 25particles or the
microrods areg‘g?étﬁiﬁﬁﬁ%ifﬁpﬁﬁt?gé%? o057} E&ﬁ %ﬁf#&%&r&‘ﬁ%ﬂﬁ%ﬁs g??d" @5 é[%]%SDocument 4

disclose a mefhad. d UNSIRINIDE 1SS! SHRRAR SRR I SHETPRURY Movignaanglie beads In the

test substance solutién by magnetic force, so as to increase the efficiency of the reaction with the test

substance. Patemf Reswmentid disslosesavnsthadwherein suast:spsiange sphudonsincyhich beads
are mixed is brought into contact with the DNA 5chip, the solution is sealed with a cover glass or the

like, and the chipristuatbtiet:tdcropithadscatisiathe difestifivehgravity secaptopstiedie sst substance
solution, thereby increasing the signal after the hybridization. PRIOR ART DOCUMENTS
the solution so as to accelerate the reaction between the probes and the test
substances.
10 [0005]

As an example where the test substance solution is stirred, Patent Document 1
discloses a method wherein a test substance solution mixed with particles or bubbles
is brought into contact with a carrier on which selective binding substances reacting
with the test substances are immobilized, and the test substance solution is stirred by

15 moving the particles or bubbles to increase the efficiency of the reaction with the test
substances, thereby increasing the signal intensities after the hybridization.
{00063
Patent Document 2 discloses a method wherein a plurality of subblock
regions are formed in which protrusions on which selective binding substances are
20 respectively immobilized are arrayed in the form of matrix, and the test substance
solution is stirred by moving particles or microrods in the recesses in the subblock
regions and in the recesses between the subblock regions, thereby increasing the
reaction efficiency with the test substances. The width of the recesses between the

subblock regions is larger than that of the recesses in the subblock regions, and the

25 particles or the microrods are preliminarily housed.

[0007)

Further, Patent Document 3 and Patent Document 4 disclose a method



PATENT DOCUMENTS 10[0008] Patent Document 1: WO 2005/090997 A Patent Document 2: JP
2007-212446 A Patent Document 3: JP 2003-248008 A Patent Document 4: JP 2003-339375 A
15SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0009]

With the analysis chip disclosed in Patent Document 1, due to the structure provided to the carrier or
the vessel in order to prevent the particles from contacting 20 the portions on which the selective
binding substaheemaie immaibiiaac: thinsizei of thepasticlesinhichenray beadsed tis:limsited. Therefore,
it is not easy to use particles having a large size in order to obtain a comparatively large stirring force.
Further, in cas®sfithe snalipsidrmpsionfoiverip. & sitke i dheprdisisiony e rdguREERSY the
positioning in adhering the carrier and the vessel to produce the analysis chip, this 25production

process may WL/ DR 0] A S RREH R He SAITET RFEE I RRETRAMERd between the

subblock regions in addi%)n to.thek{lgﬁ%sé%gss in the sudqglbo% amgr}ﬁgﬁges are the

. . SEANCE § 10N 11t W e mixe s K r%g%%[‘osg;g}’ltg%% .
regions in Wh?gﬁ fﬁe paﬂlcfes or the microrods are movedr, tﬁ% number of the protrusions which may be

formed;on th%lﬁ?,”iiﬁé isfimised. Burther;sines sbepadislas onthemicraress ae maved preferentially in

the recesses between the subblock regions rather than in the recesses in the subblock regions, the
stirring may heqoipiarms 00 ifectioN\bththeirnalysis chipriiselosedsniRatentiecument 3 and
Patent Document 4, a plurality of magnetic beads may be coagulated by the magnetism to form a

large 10blockiardbmaycdamagthtrasseledtvahisihsingizubstances immobilized on the surface of the

substrate (carrier) or the efficiency of stirring may be decreased. MEANS FOR SOLVING THE
PROBLEMS Eﬁ@l@ ART DOCUMENTS

PATENT DOCUMENTS
10 [0008]
Patent Document I: WO 2005/090997 A
Patent Document 2:  JP 2007-212446 A
Patent Document 3:  JP 2003-248008 A
Patent Document 4:  JP 2003-339375 A
15 SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0009]
With the analysis chip disclosed in Patent Document 1, due to the structure
provided to the carrier or the vessel in order to prevent the particles from contacting
20 the portions on which the selective binding substances are immobilized, the size of
the particles which may be used is limited. Therefore, it is not easy to use pariicles
having a Jarge size in order to obtain a comparatively large stirring force.  Further,
in case of the analysis chip shown in Fig. 2, since a high precision is required for the
positioning in adhering the carrier and the vessel to produce the analysis chip, this
25 production process may be very difficult.
[0010]

With the analysis chip disciosed i the Patent Document 2, since the chip has



To solve the above-described problems, the present invention has the 15following constitution: [1] An
analysis chip comprising: a carrier having a surface on which a selective binding substance(s)
is(are) immobilized; a vessel holding a solution containing a test substance( s) which react(s)
with 20the selective binding substance(s); and particles for stirring the solution, the particles being
sealed within a space formed between the carrier and the vessel; wherein a separator which
allows passagettherethndeghiofilier solatiens aemainidedthetteststiostabides)bgioddes not allow
passage theretlu-ough of the 25particles is arranged in the space so as to separate the surface of the
carrier on whidkithan sedetivedshsdivig kuBthblesk coFonirey insmbeth Zecraia et Paragiess [2] The

analysis chip according to [1], wherein the separator is a structure jn the 6 form of a sheet or plate
having openifig& il FREUHSIGEY ?&B&Eﬁ&%@‘?ﬂﬂ"%@éﬁ%ﬂﬁ“ﬁﬁ LSO S PHice-like structure.

e Sk RGOt I h el 6 SERRrQl e MRSl SIBIA e o 2

test su.bstanc‘é] sg, t e met omprising the steps of: contacting the test substance(s) with the
analysis Ch'prﬂf&@fgﬁg%@rﬁWé@%&H&H&lﬁ@]in the recesses between the subblock regions

rather than in the recesses in the subblock regions, the stirring may be non-uniform.
{0011}
With the analysis chip disclosed in Patent Document 3 and Patent Document
4, a plurality of magnetic beads may be coagulated by the magnetism to form a large
10 block and may damage the selective binding substances immobilized on the surface
of the substrate {carrier) or the efficiency of stirring may be decreased.
MEANS FOR SOLVING THE PROBLEMS
[0012]
To solve the above-described problems, the present invention has the
15 following constitution:
[11  An analysis chip comprising:
a carrier having a surface on which a selective binding substance(s) is(are)
immobilized;
a vessel holding a solution containing a test substance(s) which react(s) with
20 the selective binding substance(s); and
particles for stirring the solution, the particles being sealed within a space
formed between the carrier and the vessel;
wherein a separator which allows passage therethrough of the solution
containing the test substance(s) but does not allow passage therethrough of the
25 particles is arranged in the space so as to separate the surface of the carrier on which
the selective binding substance(s) is(are) immobilized and the particles.

21 The analysis chip according to [1], wherein the separator is a structure in the



moving the particles to selectively bind the test substance(s) with the selective 10binding substance(s)
on the carrier; and measuring amount of the te%t substance(s) bound to the carrier through the
selective binding substance(s). [6] A method of stirring a solution, the method comprising contacting
the solution containing a test substance(s) which react(s) with a selective binding 15substance(s), with
the selective binding substance(s) immobilized on a carrier surface; and stirring the solution with
particles; whéseindhe fericleplareseparatghfrgm the carrier surface on which the selective binding
substance(s) is(are) immobilized. by a separator which allows passage therethrough of the solution
containing th&est stisstarlsss Fhintases et talldwy WB@?&@@%%?M%@%%WH%@%&HM%. [7] The
method of stirring a solution, according to [6] wherein the separator is a structure in the form of a sheet
or plate havir?&%‘ﬁ%ﬁngs. [8] The method of stirring a solution, according to [6], wherein the separator

o 2 mesh, EEECTS O AR NV N o 0TS B e b antion.the damage of e
selective binding supstances Qz}%ﬁlﬁg‘%@f&@%ﬁ@&ﬂ?ﬁd@@ﬂ@]@%@tﬁbd@lﬁwfﬁﬁg a1t wbigh the selective
binding substances are immobilized can be prevented during the reaction between the test
5substances @nd the immobilized selective binding substances while stirring the test
contacting the test substance(s) with the analysis chip according to any one of
[1]to [4];
moving the particles to selectively bind the test substance(s) with the selective
10 binding substance(s) on the carrier; and
measuring amount of the test substance(s) bound to the carrier through the
selective binding substance(s).
6] A method of stirring a solution, the method comprising contacting the
solution containing a test substance(s) which react(s) with a selective binding
15 substance(s), with the selective binding substance(s) immobilized on a carrier
surface; and stirring the solution with particles; wherein the particles are separated
from the carrier surface on which the selective binding substance(s) 1s{are)
immobilized, by a separator which allows passage therethrough of the solution
containing the test substance(s) but does not allow passage therethrough of the
20 particles.
[7]  The method of stirring a solution, according to [6], wherein the separator is a
structure in the form of a sheet or plate having openings.
[81 The method of stirring a solution, according to [6], wherein the separator is a
iattice~like structure.
25 [9] The method of stirring a solution, according to [6], wherein the separator s a
mesh.

EFFECTS OF THE INVENTION



substance solution with the particles. [0014] Further, particles for stirring having a larger size than
that of the conventionally used particles can be used irrespective of the shape of the carrier. As 10a
result, the efficiency of stirring of the test substancé solution can be promoted and the efficiency of the
reaction between the test substances and the selective binding substances can be promoted, so that a
high sensitive analysis chip by which the detection can be attained even when the amount of the
sample is smalh can be provided. 15[0015] Further, by the present invention, since entire surface
on which the selective binding substances are immobilized in the analysis chip can be uniformly stirred
without variation eaBifyththerelispeirsieniamohg thsapeatresvbrtidathiobedratstenseadyerality of
immobilizing surfaces (spots) can be decreased. 20[0016] Still further, with the analysis chip of the

present inveritiche simsectiod b prstiglesciiba dhesjatesrpeigtathe doltH 4 Rstivly simple structure,

the analysis chip can be produced without a special gopsideration in the, production process for
attaining the Wﬁ@é”éﬁb‘é’&j%%ﬁéf@%ﬁ?@ﬁeﬁ@§ééﬁ?ﬁ ﬁ%%ﬁ&%lﬁ@gsﬁ)m?] Fig. 1is a

perspagive view schematicaly showina, an.embediment oL g, & aRalvss Shieial the ptesent invenion.
g. 2 is a cross-sectional view taken along the arrows Afin Fig. 1 showing an embodiment of the
analysis chip Qi the, DreSERMJEVEIR: particles.

[0014]

Further, particles for stirring having a larger size than that of the

conventionally used particles can be used irrespective of the shape of the carrier.  As
10 a result, the efficiency of stirring of the test substance solution can be promoted and
the efficiency of the reaction between the test substances and the selective binding
substances can be promoted, so that a high sensitive analysis chip by which the
detection can be attained even when the amount of the sampie is small can be
provided.
15 [0015]

Further, by the present invention, since entire surface on which the selective
binding substances are immobilized in the analysis chip can be uniformly stirred
without variation easily, the dispersion among the measurement data obtained from 2
plurality of immobilizing surfaces (spots) can be decreased.

20 [0016]

Still further, with the analysis chip of the present invention, since the above-
described object can be attained with a relatively simple structure, the analysis chip
can be produced without a special consideration in the production process for
attaining the above-described object.

25 BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 is a perspective view schematically showing an embodiment of the



Fig. 3 is a cross-sectional view taken along the arrows Al in Fig. 1 showing an embodiment of the
analysis chip of the present invention. Fig. 4 is g perspective view schematically showing an
embodiment of the analysis chip of the present invention. Fig. 5 is a cross-sectional view taken
along the arrows A2 in Fig. 4 showing an embodiment of the analysis chip of the present invention.
10Fig. 6 is a cross-sectional view taken along the arrows A2 in Fig. 4 showing an embodiment of the
analysis chip gfatheprapent fiveriion: invektign/ is a cross-sectional view taken along the arrows A2 in
Fig. 4 showing an embodiment of the analysis chip of the present invention. Fig.8is a
cross-sectional viewFigk@nsalongpshedivoels ke ifalig aleh dhving A5a4 Podirhebe winke analysis
chip of the present invention. Fig. 9 is a cross-sectional view taken along the arrows A2 in Fig. 4

showing an efRSEESERMES! R TARNRTHIP Rt presshimeeliaBn.  Fig. 10 is a perspective view

schematically showip .embodiment of the analysis chip of the present invention, 20Fig. 11 is a
cross-sectional viemﬁt’%rfgﬁsag\gﬁ%ﬁhse&%}%\%sv}&?’ i%1 |1é.a i%%r%é%vﬁé?\gﬁjgﬁ %&ﬁ’hﬁerﬁ’ ofthe analysis chip

of the presentyeligfinen, dridlobpdRaCAR sErliopaluemakiamalong the arrows A3 in Fig. 10

showing an e Iment of the analysis chip of the present invention. Figs. 13(c) - (g) are
perspective views ofthe SBRAsascaRstileing:-aa2armBodineng ohibeenatysia shipeof the present

invention. Figs. 13(a) and (b) show the outer frame and the member constituting the separator
shown in Fig.dhd(gdiocke).ocShe pleignlhisatijparspective view schematically showing the carrier
constituting an embodiment of the analysis chip of the present invention.
Fig. 5 is a cross-sectional view taken along the arrows AZ in Fig. 4 showing
an embodiment of the analysis chip of the present invention.
10 Fig. 6 is a cross-sectional view taken along the arrows A2 in Fig. 4 showing
an embodiment of the analysis chip of the present invention.
Fig. 7 is a cross-sectional view taken along the arrows A2 in Fig. 4 showing
an embodiment of the analysis chip of the present invention.
Fig. 8 is a cross-sectional view taken along the arrows A2 in Fig. 4 showing
15 an embodiment of the analvsis chip of the present invention.
Fig. 9 is a cross-sectional view taken along the arrows A2 in Fig. 4 showing
an embodiment of the analysis chip of the present invention.
Fig. 10 is a perspective view schematically showing an embodiment of the
analysis chip of the present invention.
20 Fig. 11 is a cross-sectional view taken along the arrows A3 in Fig. 10 showing
an embodiment of the analysis chip of the present invention.
Fig. 12 is a cross-sectional view taken along the arrows A3 in Fig. 10 showing
an embodiment of the analysis chip of the present invention.
Figs. 13(c) - (g) are perspective views of the separator constituting an
25 embodiment of the analysis chip of the present invention.

Figs. 13(a) and (b) show the outer frame and the member constituting the

separator shown in Fig. 13{(c) or (d).



Fig. 15 is a longitudinal sectional view of the carrier illustrated in Fig. 14. Fig. 16 is a cross-sectional
view showing an embodiment of the analysis chip of the present invention. Fig. 17 is a longitudinal
sectional view conceptually showing an embodimertt of the jig and the scanner reading the results of
the reactions obtained using the analysis chip of the present invention. Fig. 18 is a longitudinal
sectional view conceptually showing an embodiment 100f the jig and the scanner reading the results of
the reactions obtaingg; using iheapalusis Ebip ahthirpragenihinvantion. daigiet 8dssa tangitadinal
sectional view conceptually showing an embodiment of the jig and the scanner reading the results of
the reactions abtaifiecusifdghthealvaly sischipiof thespresemtimvention. 15Fig. 20 is a schematic view
showing the immobilization steps of the probe DNAs in the Examples of the present invention and in
Comparative Exampléss. 15 is pilgsieiadinal fyaienshiian <ol seeipsndrstaiis or thig aialysis chips used

in the Examples of the present invention and in C tive E I igs. 22(a) -
partial cross-sectional&id 81‘3{%3%?5}‘51%@ cvtlllr"il’ﬁ's %{gggﬁ% %/gﬁ%’%%a@@l%gﬁé’é %Ftﬁ%aﬁgg ch p(a) Ay

. . p‘fesen invention and
in ‘Com\?aratl\{/%Eéame;gle%%HM%Q&EOR CARRYING QUT THE NVENTIQN [0018] . The analysis
chip of the present invention comprises a carrier having a surface on which a selective binding

substance(s) is(are)frgmanilizesh Avgssekbalding aRbsliipnanyiaibing adeshithstange(s) which
react(s) with the selective binding substance(s); and particles for stirring the solution, the particles
being sealed wiithinja: spdck:fatinedhendpenithessaltier dndthetiessaiiandlhasg Separator arranged

such
analysis chip of the present invention.
Fig. 18 is a longitudinal sectional view conceptually showing an embodiment
10 of the jig and the scanner reading the results of the reactions obtained using the
analysis chip of the present invention.

Fig. 19 is a longitudinal sectional view conceptually showing an embodiment
of the jig and the scarmer reading the results of the reactions obtained using the
analysis chip of the present invention.

15 Fig. 20 is a schematic view showing the immobilization steps of the probe
DNAs in the Examples of the present invention and in Comparative Examples.

Figs. 21(a) - (f) are partial cross-sectional views of the analysis chips used in
the Examples of the present invention and in Comparative Examples.

Figs. 22(a) - (e) are partial cross-sectional views of the analysis chips used in

20 the Examples of the present invention and in Comparative Examples.
MODE FOR CARRYING OUT THE INVENTION
[0018]

The analysis chip of the present invention comprises a carrier having a surface

on which a selective binding substance(s) is(are) immobilized; a vessel holding a
25 solution containing a test substance(s) which react(s) with the selective binding
substance(s); and particles for stirring the solution, the particles being sealed within a

space formed between the carrier and the vessel; and has a separator arranged such



10 that it separates the surface of the carrier on which the selective binding substance(s) is(are)
immobilized and the particles. The separator arran%egd in the space allows passage therethrough of
the solution containing the test substance(s) but does not allow passage therethrough of the particles
for stirring. 5[0019] Here, the carrier is a base material having a surface on which the selective
binding substance(s) is(are) immobilized. The vessel is a base material covering the surface of the
carrier on whightthe eiestivebingding silbistanesés ois (anehinhn shdizbd, ndiig yseddancs@sh a manner
that it is adhered with the carrier so as to form a space 10holding the test substance solution. [0020]
The analysis tfifpedfteqhibsehuinldntivntiticudeshoweearitiiy ageddedtiettiraraisraerisendicular to the
direction of gravity (horizontal direction), those which earl be used such that the surface of the carrier

on which the 8a¥RERDEFBIRYLSYABSEHBERS) GeRAE) I RS U sHbRAcCEIHRE dp%W4AY (direction
opposite to grayity) or downward (direction of gravity), and such that the surface faces the direction
parallel to the%?ﬁﬂ%ﬁ%é%gng &P&% gﬁ r %qﬁiocn ?égrselﬁliréﬁgple, all of Figs. I to 12 mentioned below
show t%e casrffo\@/ re the chip is used in the direction (horizontal direction) perpendicular to the
direction of gravity.’in the analysis chips 20illustrated in Figs. 1 to 3 and Figs. 10 to 12, the surface on
which the selective hipding,substancestate imwmeahilizediacesipwantwinidhis.easrcthe vessel covers
the carrier from the upper side. In the analysis chips illustrated in Figs. 4 to 9, the surface on which the
selective bindingdsubstaneescaseiampbilinetifards dohnveasd] inhiscaseitha vessehpdvers the
carrier from the lower side. 25[0021] Il the properties or the like of the test substance(??g%/ applying a

solution containifgtd teseauissemedish iherelepiycbiadcs IHeRssfShidae BieRB T measuring

the amounts of the test substance(s) or %%t{?cting he existence of a test substance(s) based on the
ST HBbITS O s 4 it

reactions betABEIHHE St BIRERTS SabSih &
10 holding the test substance solution.
[6020]

The analysis chip of the present invention includes, when it is used in the
direction perpendicular to the direction of gravity (horizontal direction), those which
can be used such that the surface of the carrier on which the selective binding

15 substance(s) is(are) immobilized faces either upward (direction opposite to gravity)
or downward (direction of gravity). and such that the surface faces the direction
parallel to the direction of gravity (vertical direction). For example, all of Figs. 1 to
12 mentioned below show the cases where the chip is used in the direction
(horizontal direction) perpendicular to the direction of gravity. In the analysis chips

20 iflustrated in Figs. 1 to 3 and Figs. 10 to 12, the surface on which the selective
binding substances are immobilized faces upward. In this case, the vessel covers
the carrier from the upper side. In the analysis chips illustrated in Figs. 4 to 9, the
surface on which the selective binding substances are immobilized faces downward.
In this case, the vessel covers the carrier from the lower side.

25 [0021]

The analysis chip of the present invention is a chip used for detecting the

existence of a test substance(s), for guantifying the test substance(s) or for measuring



5 carrier surface and the test substance(s). Examples of the biochips include DNA chips wherein
nucleic acids are immobilized on the carrier surfa\cc?'1 protein chips wherein proteins represented by
antibodies are immobilized on the carrier surface; sugar chain chips wherein. sugar chains are
immobilized on the carrier surface; and cell chips wherein cells are immobilized on the carrier surface.
10[0022] First, specific modes of the analysis chip of the present invention are illustrated referring
to the drawings: je823tdncthéeiikeadithe ntsof thetaralysisycivpl shparsaulign dordaresgeiit covers a
Scarrier 2 from upper portion thereof. Figs. 2 and Fig. 3 respectively show different modes of the
analysis chiptssowhstaers 1ioghel evie créseusetefoharsabins kdebienbing theaprswanalts Fig. 1. [0024]
In the embodiments of the analysis chip shown in Fig. 2 and Fig. 3, the carrier 202 and the vessel |
together fornP A eEES BHE R AP RN IBI s LR Fgfom R T %ﬁ%‘?%élégéﬁ%%@ding substances
are immobiized, The sace 0,15, a:cioped SRACS NN, doss eheamIuicals Wilh.ulside except that

it may communicate via through ho hat may be formed as requi e immobilization region RI

in Fig. 2 is flat and Rhip.Eigrd hasandpagmar siruciuig, 2510025] thespacs. mitabNegion is

separated from the immobilization surface of the selective binding substances by the separator 4, and
move in the spage abavinthecsaparaiond. 0026} ndheethbedirments fat theranalysispship shown in
Fig. 2 and Fig. 3, the 5particles 5 cannot pass through the separator 4, but a solution containing a test

wherein proteins represented by antibodies are immobilized on the carrier surface;

sugar chain chips wherein sugar chains are immobilized on the carrier surface; and

cell chips wherein cells are immobilized on the carrier surface.

10 (0022}
First, specific modes of the analysis chip of the present invention are
illustrated referring to the drawings.

[0023]

In the embodiment of the analysis chip shown in Fig. 1, a vessel 1 covers a

b
{1

carrier 2 from upper portion thereof.  Figs. 2 and Fig. 3 respectively show different

modes of the analysis chip shown in Fig. 1, and are cross-sectional views taken along

the arrows Al in Fig. 1.

[0024]

In the embodiments of the analysis chip shown in Fig. 2 and Fig. 3, the carrier

20 2 and the vessel 1 together form a space 6 inciuding an immobilization region R1 on
which selective binding substances are immobilized. The space 6 is a closed space
which does not communicate with outside except that it may communicate via
through holes 3 that may be formed as required.  The immobilization region R1 in
Fig. 2 is flat and R1 in Fig. 3 has an irregular structure.

25 00257

The immobilization region R1 in the analysis chip shown in Fig. 2 and Fig. 3

is covered with a separator 4. Particles 5 for stirring are sealed within a region in



substance(s) can pass therethrough. Therefore, by moving the particles on the separator arranged in
the space by subjecting the analysis chip to vibration, rotation or the like as described below after
applying the solution containing the test substance g) into the space, sufficient stirring of the solution is
attained without 1 Ocontact of the moving particles 5 with the carrier surface on which the selective
binding substances are immobilized. The flow of the solution caused thereby occurs through the
separator angihgmselutionintheoantitespace gombesunifaapilslicaduMéith diehecnienitenal analysis
chips, since the carrier or the vessel has a structural device for preventing the particles from contacting
the portions itiniingizibershess elediiveepinding! subbtances; the gizecofbihies Particisgaitiéh can be used
is limited. In the present invention, by providing such a separator, the size of the particles is not
basically limité#2f027] In the embodiment of the analysis chip shown in Fig. 4, the vessel | covers

20the carrier 2 from the tower side. Fig. 5 to Fig. 9 respectively.show different modes of the analysis
chip shown in Fig. 45%d %8%@&%8%?%?%%@?? %ﬁﬁﬁg%QEg%g i%gg ifi &l‘a 4. [0028] In the

embodgm ents O;tgc esa’:?gl Sigtctc]xg% h{’gl\{‘iv i@lng:g dg)filgof ng%ﬁ g‘?oﬁfi{&‘?'égn?a%ﬁﬂq theyessel 1 together
form a space%alnc uding an immobilization reg%n | ort which selective bindifig substances are
immobilized. Iﬂ%éﬁ@é“@f%ﬁ BRlogre-8RaceWhich-AaBE: NG} GRIME RicalaNlk; eutside except that it
may communicate via 13 through holes 3 that may be formed as required. The surface of the carrier 2
shown in Fig.dpirgofanaddd iPthasmao-treguitesesingahurenaigsi thbisurfatieraidhercatier 2 shown in
Fig. 7 and Fig. 8 is flat. The surface of the vessel | shown in Fig. 5 is flat, and the surface of the vessel
1 shown in Figr 8icHilye 7s Brge8taddeligy ofhasppi Bhedhale! st wretainimedha&stlar structure of
vessel 1 shown in Fig. 8, the width of the protrusions is wider than that of the vessel 1 in Fig. 7. In the
irregular structiPEIBIHE VBRI RHGW HERY! SRR bERTSTORY ARV Er 8 PeBEred structure

(reverfg trunCc:ac}gtgc%%?%156'[%1]8\%53)};349&%&%] 5 with the carrier surface on which the selective

binding substances are immobilized. The flow of the solution caused thereby
occurs through the separator and the solution in the entire space can be uniformly
stirred.  With the conventional analysis chips, since the carrier or the vessel has a

structural device for preventing the particles from contacting the portions

=3
ot

immobilizing the selective binding substances, the size of the particles which can be
used is limited. In the present invention, by providing such a separator, the size of
the particles is not basically limited.
[0027]

In the embodiment of the analysis chip shown in Fig. 4, the vessel 1 covers
20 the carrier 2 from the lower side. Fig. 5 to Fig. 9 respectively show different modes
of the analysis chip shown in Fig. 4, and are cross-sectional views taken along the
arrows A2 in Fig. 4.
[0028]

In the embodiments of the analysis chip shown in Fig. 5 to Fig. 9, the carrier 2

D
[}

and the vessel 1 together form a space 6 including an immobilization region R1 on
which selective binding substances are immobilized. The space 6 is a closed space

which does not communicate with outside except that it may communicate via



10The surface of the vessel 1 shown in Fig. 5, Fig. 6, Fig. 7 and Fig. 8 are covered with the separator
4. The surface of the vessel 1 shown in Fig. 9 is so designed that the size of the openings of the
recesses is made smaller than the size of the parti%fes 5 so that the particles 5 are retained in the
spaces within the recesses due to the reverse tapered structure thereof Thus, the reverse tapered
structure itself 15plays the role as the separator 4. [0030] The immobilization region R1 in the
analysis chipishawR 816G Hii0:ig. 12 b eaverdayithdie stipasatbred oPdrticlesd arhsealed within a
region in the space, which region is separated from the immobilization surface of the selective binding
2 Osubstances Bigtlie iSepamatdrig. shhsrovierigtte spacutiseiow thesvsasatbhe qoos1E  Inthe
embodiments of the analysis chip shown in Fig. 5 to Fig. 9, the particles 5 cannot pass through the

separator 4, Bb¢wistldter Kkt 'a fekt shbesmbcsy tliy passhhiahanmiighieThdididre, by moving
the particles on the separatox arranged 25in the space hby. subjecting the . analysis chip to vibration,
rotation or th3‘?&B}8§\§§§grfﬁ[é%%‘éﬁg§ﬁ9§ff }Ogﬁlﬁ%inlg't%&%lﬁjgﬁgéﬁl %ﬁlﬁ%a{tﬁr{%éﬁe%% Isu bs;/zilncel(s) into
the space. suffigient,rring,of e selutian s AiabadWERAU ARG e MmBViRg vidiparticles & by

jumping with thé“carrier surface on whichthe selective binding substances are immobilized. The flow

of the solution, causesthamhyiostursihrogghdhgsepartorand:the salutionregiierentire space can
be uniformly stirred. [0032] 5In the conventional analysis chips, a high precision is required for the

positioning ofsheittegiiafestagetiiiesbb theiné$sed ithensetiosioreventcthegarticlessisim contacting the
portions on which the selective binding substances are immobilized. In contrast, in the analysis chip
shown in Fig. 56 totRig (19 veRes strieted tioiing sédvéen the vessel and the carrier is not necessary
because of usinnO% é?e 10separator of the present invention, so that it can be produced easily. [0033]

10 The surface of the vessel 1 shown in Fig. 5, Fig. 6, Fig. 7 and Fig. § are
covered with the separator 4. The surface of the vessel 1 shown in Fig. 9 1s so
designed that the size of the openings of the recesses is made smaller than the size of
the particles 5 so that the particles 5 are retained in the spaces within the recesses due
to the reverse tapered structure thereof. Thus, the reverse tapered structure itself

15 plays the role as the separator 4.

[0030]

The immobilization region R1 in the analysis chip shown in Fig. 5 to Fig. 9 is
covered with the separator 4. Particles 5 are sealed within a region in the space,
which region is separated from the immobilization surface of the selective binding

20 substances by the separator 4, and move in the space below the separator 4.
f0631]

In the embodiments of the analysis chip shown in Fig. 5 to Fig. 9, the particles
5 cannot pass through the separator 4, but a solution containing a test substance(s)
can pass therethrough.  Therefore, by moving the particles on the separator arranged

25 in the space by subjecting the analysis chip to vibration, rotation or the like as
described below after applying the solution containing the test substance(s) into the

space, sufficient stirring of the solufion is attained without contact of the moving



In the embodiments of the analysis chip shown in Fig. 10 to Fig. 12, the vessel | having well structures
6A is bound to the side surface of the carrier 2, or the bottom portion of the vessel 1 having the well
structures 6A is bound to the surface 15 of the cartfer 2. A plurality of spaces 6 including the
immobilization regions RI on which the selective binding substances are immobilized are formed by
the carrier 2 and the inner walls of the well structures of the vessel 1. The surface of the carrier 2
shown in Fig p4Qiigdlas HPRA3ApRQ WienimenebitizationcegionvRLintbedealysisiaiipghown in Fig. 10 to
Fig. 12 is covered with a separator 4. Particles 5 are sealed within a region in the space, which region
is separated frarstahecimmdbitizatioredurfibe tbthefsblestive tindig ¢ dostincas by the separator 4,
and move in the space above the separator 4. The upper portions of the spaces 6 may be open (not
shown). In thiduasd, heeerappiinghnerssiandn s preve Rt FOIMYSEB i Bsfticles 5 and the
reaction solutign, the spaces may be sealed with a sealing member 10 which is an adhesive tape or
the li. Ice 15 [[@)Q)?é] In the embodiments of the analysis chip shown in Fig. 10 to Fig. 12, the
particles 5 cannot pass (NGHAI I SERRIPLEY st 3 38l\Hion containing aest gbstance(s) can pass
b t ySiS ¢ %%t i '

therethrough. Therefore, by subjecting ana Svibration, rotation or the like after applying
the solution Cﬁﬁﬁiﬂiﬁﬂg@?tl@%ﬁ?ﬁ?@ﬁﬁ%%ﬁhw&IQWQQQQ%&&J@V}()&EH?@tﬁ@'}d&h@i&i@@used thereby
occurs through the separator and the solution in the entire spaces can be uniformly stirred. [0036] As
the separatorfefithecanatysisiehipofdhedqredeci thvestony o bathngughsimbishithe solution containing
the test substance(s) can pass but the particles for stirring cannot pass may be employed. For
example, a stimetetelincthe formvofasis e stoorplats shitrlpope rngg At 41678 SifcHriRat the stirrer
cannot pass thro.ugh_mai%/ be employed. In this case, the shape of the ppenings_is not restricted, and

may be rectaR§SAPERENH RIS GRED IRRG & L ‘Smtd‘reﬁ?és%ggcause of using the
10 separator of the present invention, so that it can be produced easily.
[0033}

in the embodiments of the analysis chip shown in Fig. 10 to Fig. 12, the
vessel 1 having well structures 6A is bound to the side surface of the carrier 2, or the
bottom portion of the vessel 1 having the well structures 6A is bound to the surface

15 of the carrier 2. A plurality of spaces 6 including the immobilization regions R1 on
which the selective binding substances are immobilized are formed by the carrier 2
and the inner walls of the well structures of the vessel 1. The surface of the carrier
2 shown i Fig. 10 is flat.

[0034]

20 The immobilization region R1 in the analysis chip shown in Fig. 10 to Fig. 12
is covered with a separator 4. Particles 5 are sealed within a region in the space,
which region is separated from the immobilization surface of the selective binding
substances by the separator 4, and move in the space above the separator 4. The
upper portions of the spaces 6 may be open (not shown). In this case, afier applying

25 the solution, to prevent the flowing out of the particles 5 and the reaction solution,
the spaces may be sealed with a sealing member 10 which is an adhesive tape or the

like.



15[0037] For example, as the separator of the analysis chip of the present invention, a lattice-like
structure having rectangular openings, or a structure in the form of a punching sheet as shown in Figs.
13(c) to (g) may be used. In the case of the lattice-liRe structure, the shape of the lattice windows may
be various shapes, and those of 20which lattice windows are rectangular such as square or oblong,
which are readily available, may be used. The separator 4 shown in Fig. 13(c) is a lattice-like mesh
which is a lattiggskke structure having rectangular openings, and the lattice-like member (mesh) is
fixed to a separator outer frame 11 shown in Fig. 13(a) as a separator member 12. Fig. 13(d) shows a
separator 4 constitutedhbymaidpestiked? Shmaembsisahyp phoalityrofstrifpudikegnEmiber as a separator
member 12 fixed to the separator outer frame 11 shown in Fig. 13(a). Further, a lattice-like structure or

a structure innpditlan? @ﬁ@pﬁﬁ@ﬁiﬁg@#@&ﬁé@ﬁ?@@@&fh%@I%_ﬁ@l?é@i&?ﬁﬁ%ﬁé%wn 16 in Figs. (e)
Dlatum and SETIEE P HBLIEE Ly o B A DB By o)
Scarbog and th r:liiﬁ%zs%?ﬁlaggneé? loyad Aﬂ&a@?’%g%% EE&M%@Q&%@%&&@P&@tW is a plastic, either

of the plastic whic e same as the materi e carrier or the ves or a plastic different

therefrom may, pe £pl9Yed.- A he.SeRR LR Qitek fiameckl-shawmindig odd(@ tthagraterial same

as that of the separator member 12 (lattice-like member (mesh) or stripe-like member or string-like
member) mayikedfempleyéthdQ0Bon inAlmangthesecasthésepdoatdy theddttice-like mesh shown
in Fig. 13(c) which is relatively easily available may preferably be used. Especially, as the separator
member 12, d@&fdrator using a plastic mesh may preferably be used. As 15the material of the plastic

mesh, plastics such as nylons, polystyrene, polyesters, polypropylene and fluorine fibers may be

employed. Among tHESBESERAERR e 4ikg ﬁ%ﬂgﬁ%&ﬁkﬂ@ﬁé &Fepéiﬁ@éiﬁ’lﬁf‘ﬁﬂgfbﬁ%f‘ FieStire diameter

and ﬂl%Size O\Iﬂtgﬁl the solution containing the test substance(s) can pass but the particles for
stirring cannot pass may be employed. For example, a structure in the form of a
sheet or plate having openings with a size such that the stirrer cannot pass through
may be emploved. In this case, the shape of the openings is not restricted, and may
be rectangular such as square or oblong, circolar, oval or the like.

15 [0037]

For example, as the separator of the analysis chip of the present invention, a

fattice-like structure having rectangular openings, or a structure in the form of a
punching sheet as shown in Figs. 13(c) to (g) may be used. In the case of the lattice-
like structure, the shape of the lattice windows may be various shapes, and those of

20 which lattice windows are rectangular such as square or oblong, which are readily
available, may be used. The separator 4 shown in Fig. 13(c) is a lattice-like mesh
which is a lattice-like structure having rectanguiar openings. and the lattice-like
member (mesh) is fixed to a separator outer frame 11 shown in Fig. 13(a)asa
separator member 12.  Fig. 13(d) shows a separator 4 constituted by a stripe-like

25 member or a plurality of string-like member as a separator member 12 fixed to the

separator outer frame 11 shown in Fig. 13(a). Further, a lattice-like structure or a

structure in the form of a punching sheet having rectangular circular openings shown



openings of the mesh may be optimally selected depending on the size of the particles used, taking
the ease of flowing of the solution and ease of moving of the 20particles into consideration. [0040]

The preferred sizes in cases where a lattice-like se}[?arator and spherical particles are used are now
explained. [0041] 25The size of the particles can be selected depending on the volume of the solution
to be stirred containing the test substance( s). In the case of a DNA chip taking the size of the vessel
used in the p{gmggt'[tém@f(g)%gIgg@@e@ontaining the test 17 substance(s) and the volume of liquid
which is easy to handle into consideration, the volume of the solution is usually about 1 mL at
maximum. Fgp@e3&mple, in the case of the DNA chip shown Fig. 16 described below, the selective
binding substances are immobilized in an area of about 1 cm square. To bring a test substance
solution 50f 1 mL infdieavtaiakné e sERaEaar bf Aok TRSEELSEsARCHY PhsLebhéfifhd & LBlution may be

1.8 mm. To attajn a sufficient stirring, it is thouyght, in general, that the particles are preferably as large
as possible. %W?fﬁﬂﬁﬁfh%r fgs(g?ﬁ‘er\yi %%Iﬂ?ﬁ&%ﬁ?ﬁé@%ﬁ IS iR ég 8#512%9 ation; in the

e = L, apgRednecpibed DNAENID: 1 AseaMIRIE he Ralliseo Atk ohgtia . e ubber

limit of the sizé 0 particles’is pr not more than 1.4 mm in terms of the average particle
size. If the pagligles qye langeithan duisitherfiistionwith-ibe separaierandthe vasselonay be large and
the particles may not move smoothly. In cases where the average particle size of the particles is less
than 0.1 mm,.itagepasaipshadifgrameshefize whichcdoesinptd@llofsphssege obthetparticles is used,
the passing of the solution may also be 15hindered. Therefore, in case of using spherical particles, it is
preferred to uSenpaiticlbeavirdtsan Haerfisepurticlssne drithih e Pasgariort BRI 1A mm
depending on the shla.(lé)e of the separator. LOO42],In cases where a pﬁstic m%s is used as the

lattice-like seﬂé?‘éf@f %ﬁ%ﬁﬁ? (mesh) or stripe-like member or string-like member) may be
10 employed.
[0039]

Among these, as the separator, the lattice-like mesh shown in Fig. 13(¢)
which is relatively easily available may preferably be used. Especially, as the
separator member 12, a separator using a plastic mesh may preferably be used.  As

15 the material of the plastic mesh, plastics such as nylons, polystyrene, polyesters,
polypropylene and fluorine fibers may be employed. Among these, polyesters and
polypropylene are especially preferred.  The wire diameter and the size of the
openings of the mesh may be optimally selected depending on the size of the
particles used, taking the ease of flowing of the solution and ease of moving of the

20 particles into consideration.

(00401

The preferred sizes in cases where a lattice-like separator and spherical

particles are used are now explained.
[0041]

25 The size of the particles can be selected depending on the volume of the

solution to be stirred containing the test substance(s). In the case of a DNA chip,

taking the size of the vessel used in the preparation of the solution coniaining the test



20member), preferred combinations of the size of the openings and the average particle size of the
spherical particles are as follows: When the openings of the mesh is 0.05 mm to 0.09 mm, particles
having an average particle size of 0.15 mm to 0.25!fim are preferably used; when the openings of the
mesh is 0.1 mm to 0.25 mm, particles having an average patrticle size of 0.3 mm to 0.5 mm are
preferably used; when the 250penings of the mesh is 0.25 mm to 0.35 mm, particles having an

average partigle $ize 9% $81Qx{eorigaeincatenablyass edhuvidenithe @pshingsiof e mesh is 0.35
mm to 0.45 mm, particles having an average particle size of 0.7 mm to 0.9 mm are 18 preferably

used; when thelopenifgs ebittomasiviald:4bamni t@l0HSawimpartickey kasinganraifereage particle size
of 0.9 mm to 1.1 mm are preferably used. By properly using the mesh and the particles as described
above, the parfitied b ﬁéﬂo‘?@i@ﬁt@ﬂé@ﬁﬁb@ﬁ@lh@gb@@%ifhﬁwsﬁl@%b%}%}ﬁ%@%ﬁﬂ?ét?ﬁé%. 5[0043]
The wire diameter of the. mesh is preferably as thin as possiﬁﬁl}e in order not.to hinder the flow of the

solution as m%‘ﬁ?ﬁ%@ﬁé?éﬁ&@%@ 3 HVIRG S WM dia PSP TERI 8 05T s preferably
used. [D044] 100, cpses where Agaticeike oSRAIAIOL(separaionmeRe iR A doliligh he latice

shape s oblong, € rate of opehing |splarger an oW 0 solution is less hindered than the
cases where the Igftice ghape-ig SaHars <\eassswhele the lalticeisiablongait isdpraterred to select

the optimal length of short side of the lattice window so that the particles are not trapped within the
lattice windowsiiidliae skbgearator aiaaseofapliddcalparicies akhenitheiaveliage partitle size of the

holding the solution into consideration, in the embodiment of the above-described
DNA chip, in cases where the particles are spherical, the upper limit of the size of the

10 particies is preferably not more than 1.4 mm in terms of the average particle size. If
the particles are larger than this, the friction with the separator and the vessel may be
large and the particles may not move smoothly. In cases where the average particle
size of the particles is less than 0.1 mm, if a separator having a mesh size which does
not allow passage of the particles is used, the passing of the solution may also be

15 hindered. Therefore, in case of using spherical particles, it is preferred to use
particles having an average particle size within the range from 0.5 to 1.1 mm
depending on the shape of the separator.
00421

In cases where a plastic mesh is used as the lattice-like separator (separator

20 member), preferred combinations of the size of the openings and the average particle
size of the spherical particles are as follows:  When the openings of the mesh is 0.05
mm to 0.09 mm, particles having an average particle size of 0.15 mm to 0.25 mm are
preferably used; when the openings of the mesh is 0.1 mm to 0.25 mm, particles
having an average particle size of 0.3 mm to 0.5 mm are preferably used; when the

25 openings of the mesh is 0.25 mm to 0.35 mm, particles having an average particle
size of 0.5 mm to 0.7 mm are preferably used; when the openings of the mesh 1s (.35

mm to 0.45 mm, particles having an average particle size of 0.7 mm to 0.9 mm are



particles is 0.15 mm to 0.25 mm, a lattice-like separator having a length of short side of 0.05 mm to
0.09 mm is preferably used; when the average partzie le size is 0.3 mm to 0.5 mm, the length of short
side is preferably 0.1 mm to 0.25 mm; when the average particle size is 0.5 mm to 0.7 mm, the length
of short side is preferably 0.25 20 mm to 0.35 mm; when the average particle size is 0.7 mm to 0.9 trim
the length of short side is preferably 0.35 mm to 0.45 mm; when the average particle size is 0.9 mm to
1.1 mm, the Igngthapfishar; sidedsinrefeidhly 04hammstoid B8 mm Whett thenppatichdsshave an
average particle size of 0.1 mm, the length of short side is too small so that the rate of opening is
small, and solharfiow of tregsolutiols Bzind8r2cmsinlthebove rdelseribedaseShe length of the
longer side of the oblong lattice is not specifically restricted. [0045] 19 To prevent corrosion of the
separator it SEIPRFYAHERFNDMEThIIadARs BABEHSA S (&5 Hthelhe Gu o RARTGH CAR A such as

physical coating or che |ca.g) mOdIflcatlgl"lM may %%a glled to P?E S(;QS rator. [0046] The separator in

the analysis dip Bt e???gsé?ﬁ?‘%%ﬁ? n'may be Stver fehiovably adhered to the carrier or

unrem%vably Qg ed to the carrier. Usually, after the hybridization reaction with the test substance(s),
the intensity of the fluorescence emitted from the fluorescent substance bound to the selective binding

substance(s) or the tast substancatsistaeasti edpmibrabseanianapparsivie. iinwasesst@where the
separator is removably adhered to the carrier, the analysis chip is disassembled, and after removing

the separatorianderehadiingdhtvesiseloard thechartiptesilthe saldenglohevgigetintthe scanner
apparatus, and the signal intensity such as fluorescence can be measured. [0047] 150n the other
hand, it is posEisheies sliBjgétme tavalysireisrsfRiE wiedseparator is unremovably adhered to the
carrier to the measurement with the scanner apparatus without disassembling the analysis chip. In this
case, howeve{r(,)(?f%élf-ﬂuorescence is emitted from the separator, this emission acts as a noise and the

detection accuracy may,be dggiease Thaleaie. s INRGHAN IR 567 SeRBICIORAMbICh emits no
pon lightirradiation. To decrease the

lattice shape is oblong, the rate of opening is larger and the flow of the solution i3
less hindered than the cases where the lattice shape is square. In cases where the
Jattice is oblong, it is preferred to select the optimal length of short side of the lattice
window so that the particles are not trapped within the iattice windows in the

15 separator. In case of spherical particles, when the average particle size of the
particles is 0.15 mm to (.25 mm, a lattice-like separator having a length of short side
of 0.05 mm to 0.09 mm is preferably used; when the average particle size 15 0.3 mm
to 0.5 mm, the length of short side is preferably 0.1 mm to 0.25 mm; when the
average particle size is 0.5 mm to 0.7 mm, the length of short side is preferably 0.25

20 mm to 0.35 mm; when the average particle size is 0.7 mm to 0.9 mm, the length of
short side is preferably 0.35 mm to 0.45 mm; when the average particle size is 0.9
mm to 1.1 mm, the length of short side is preferably 0.45 mm to 0.55 mm. When

the particles have an average particle size of 0.1 mm, the length of short side is too

small so that the rate of opening is small, and so the flow of the solution is hindered.

B2
o

In the above-described cases, the length of the longer side of the oblong lattice is not
specifically restricted.

[0045]



self-fluorescence from the separator it self, it is preferred to constitute the separator with a polymer
comprising the structural unit represented by the General Formula (I) or General Formula (2)
described below; or with a black polymer incorpora]tPhg a substance such as carbon black, carbon
nanotube or fullerene, which substance does 25not emit light by light irradiation and/or which
substance absorbs the light emitted from the polymer; or to coat such a polymer on the surface of the
separator to attain aysusfacennhighaleesmat espit-lightiupandighidsmagiatios: By wsing such a separator,
20 for example, a black separator, which does not emit light upon light irradiation, the self-fluorescence
from the separdtoaduriightvetdetectitncandé deoreasddasphfrataherdisglts hbsargaa high S/N ratio
can be obtained. [0048] 5Here. "the separator does not emit light upon light irradiation” means that the
spectral refleBtaAdEsitRasefurarpHeb Es hoEHHVAIY specific spectral pattern (such as a specific peak)
in the range of visible light (wavelength is 400 nm to 800 nm) and is uniformly a low value, and the
spectral trans[ﬁ%é' n of the separator also does not have a specific spectral pattern and is unifoiily a

low value. 10[0049] 1. L0, BPAMRIESRIRR dhes RIGREN-NENON AR sepaalgrRreferably has a

spectra:i reflectance of not hig an 7/%71n the range of visible light (wavelength is 400 nm to 800

nm) and prefesally-Ras aspestiattransmissiomeinetighenithan % i thisyavelengih range. The
"spectral reflectance" herein means the spectral 1 5Sreflectance wherein the regular reflection light from

the carrier is tekenieyhahriluminatianctightwabehdngsopticabsysenhiniacesigaritdavith Condition C of

JIS 8722. [0050] Preferred examples of the substance to be incorporated in the polymer which 20may
be used in ordleprespraventtitsdigieorehesSisnciemt thbsaner dordpenifgiesead &ipH ®ereon include
black substances such as carbon black, carbon nanotube, fullerene, graphite, titanium black and

aniline black; BEHBECERAT IR 98 SEHSERESES) S RFET Sthi CATGBEYSE EP¥R, ZPSRTCr. Among
these plack SyhsiaGes. SPHRRM sk AP UIALPIY b LIRLEn AUBRIHECA tanium black may
disassembled, and after removing the separator and removing the vessel and the
particles, the carrier alone is set in the scanner apparatus, and the signal intensity
such as fluorescence can be measured.
0047}
15 On the other hand, it is possible to subject the analysis chip m which the
separator is unremovably adhered to the carrier to the measurement with the scanner
apparatus without disassembling the analysis chip. In this case, however, if self-
fluorescence is emitted from the separator, this emission acts as a noise and the
detection accuracy may be decreased. Therefore, it is important to use a separator
20 which emits no or reduced sel{-fluorescence upon light irradiation.  To decrease the
self-fluorescence from the separator it self, it is preferred to constitute the separator
with a polvmer comprising the structural unit represented by the General Formuia (1)
or General Formula (2) described below; or with a biack polymer incorporating a
substance such as carbon black, carbon nanotube or fullerene, which substance does
25 not emit light by light irradiation and/or which substance absorbs the light emitied

from the polymer; or to coat such a polymer on the surface of the separator to attain a

surface which does not emit light upon light irradiation. By using such a separator,



2 5be incorporated, and carbon black may especially preferably be employed. These black substances
may be used individually or two or more of them may be incorporated in combination. 21 [0051]
Preferred modes of the particles used in the analys% chip of the present invention are now described.
[0052] 5The size of the particles may be selected, as described above, such that the effect of stirring
can be obtained depending on the volume of the solution containing the test substances to be stirred

and on the shape-ahipr sepattiasphepecialihitis:priered lpusepaitidieshdidigrarhaverage
particle size of 0.5 to 1.1 mm in harmony with the shape of the separator. 10[0053] In the analysis
chip of the predérthinusntior, foamntidiesgfaaaiyrshape thaylteausad:as Yo ngasatid. solthnisan be
stirred. Particles having any shape can be used as long as the test substance solution can be stirred
by moving thespakiidiesioga e Specicdin cardnal may have an optional shape such as sphere,
polygon or 15cylinder. Among these, spherical particles, that is, beads are especially preferred. If the
particles are %g@@ﬂcal. the particles can be smoothly moved in the reaction solution without dwelling,

o thatstiing of the {ee! sipidics soklionsamns e EANEH Aaidi 401N aaauRls chip of the

presen?invention, the material constituting the particfes Is not restricted, and metals, glass, ceramics,

polymers (suchag-nalstyigne saliapyieneresd iylans Maxbacpalavedafmorgdiese materials,
the materials having a specific gravity larger than water, for example, glass, quartz and zirconia

ceramics. arezpiiefeifiegdaboanse:the pesticledhnéidetohthesenphteridls canedsiynmpyedds in the
solution by acceleration by gravity, vibration-permeation, rotation or the like, and the particle
component dosserotslate inte e editbebitaieevolumicnior sl Aso pressiblaly WssHagnetic beads as

the particles. Among these particles, the particles |
have a specific speciral pattern and 1s uniformly a low value.

10 [0049]
In the analysis chip of the present invention, the separator preferably has a
spectral reflectance of not higher than 7% in the range of visible light {wavelength is
400 nm to 800 nm) and preferably has a spectral transmission of not higher than 2%
in this wavelength range.  The "spectral reflectance" herein means the spectral
15 reflectance wherein the regular reflection light from the carrier s taken by an
illumination-light receiving optical system in accordance with Condition C of JIS Z
8722.
{00501
Preferred examples of the substance to be incorporated in the polymer which
20 may be used in order to prevent the light emission from the separator upon light
irradiation thereon include black substances such as carben black, carbon nanotube,
fullerene, graphite, titanium black and aniline black; oxides of Ru, Mn, Ni. Cr, Fe,
Co and Cu; and carbides of Si, Ti, Ta, Zrand Cr.  Among these black substances,
carbon black, carbon nanotube, fullerene, graphite and titanium black may preferably
25 be incorporated, and carbon black may especially preferably be employed. These
black substances may be used individually or two or more of them may be

incorporated in combination.



22 made of zirconia ceramics may most preferably be employed because they can move easily by
applying an acceleration by gravity, vibration-shaking or rotation due to the high specific gravity.
Further, glass, quartz and zirconia ceramics are p 1ferred because a component of the particles is
hardly eluted into the test substance solution. 5[0055] Particles made of zirconia ceramics
(yttria-stabilized zirconia) are especially preferred since they have a density of 6 g/cm3, which is larger
than that of quarzjglass whose density is 2.2 g/cm3, larger stirring effect can be obtained, and the
beads are not raised upwards and moved by the movement of the solution during sealing 10with the
vessel, so that the ssttingchmbdeattbihedarioiesassiyin[desslelysivehipthblanalgassichip of the present
invention, the solution is stirred by moving the particles. Preferably, the particles are moved by moving
the particles {EHHENHE GRavifF i ivenetic force (in case of magnetic beads), or by applying
15acce|erati3ré¢§,) e analysis chip by vibration-shaking or rotation, or combination thereof Among
these, the m d-wherein the particles are moved by rotating the analysis chip along the plane
perpendicular to thegiregtion:of grayily,0ny shakipgguicklymevinghdie, apalusis ehip in the
direction of up and down or back and forth is"preferred because it can be easily performed and
sufficient effegrisQhitainads 200005 inendhmathod whergimibe analysisichipdatdiaigd along the
plane parallel or substantially parallel to the direction of gravity (the vertical or substantially vertical
plane) to movadheaipatichesdsygavityr¢édendtationalispeed tictheparalysistepipislyreferably 0.1 rpm
to 30 rpm. If the rotational speed is more than 30 rpm, the 25 gravity in the opposite direction is
applied beforergferisarifoies RrEIRIER PSRN ORREREGSH TRarE) thiv didiErad bR cation of

the particles in the testg,ubsrga ce solution is small, so that the effect of stirring may not be well
exhibited. If tREU o ER6BRE é%

e aller than 0.1 rpm, the total time during which the particles

move.in the Iimﬂdqi. small, and the time during which the test substance solution is stirred is short, so
10 o 3 . . )
that a'sufficient efféct may not be obtained. In view of these, more preferred range of the rotational

speed is 0.5 rpm to B, Q8R38] chip of the present invention, particles of any shape may be
used as long as the solution can be stirred.  Particles having any shape can be used
as long as the test substance solution can be stitred by moving the particles. More
specifically, the particles may have an optional shape such as sphere, polygon or

15 cylinder. Among these, spherical particles, that is, beads are especially preferred.

If the particles are spherical, the particies can be smoothly moved in the reaction
solution without dwelling, so that stirring of the test substance solution can be well
attained.

[0054]

20 In the analysis chip of the present invention, the material constituting the
particles is not restricted, and metals, glass, ceramics, polymers (such as polystyrene,
polypropylene and nylons) may be employed. Among these materials, the materials
having a specific gravity larger than water, for example, glass, quartz and zirconia
ceramics. are preferred because the particles made of these materials can easily move

25 in the solution by acceleration by gravity, vibration-permeation, rotation or the like,
and the particle component does not elute into the test substance solution. It is also

possible to use magnetic beads as the particles. Among these particles, the particles



A method wherein the analysis chip is revoluted along the plane perpendicular or substantially
perpendicular to the direction of gravity (horizontal gr substantially horizontal plane) to move the
particles is also preferred because a commercially2 ailable shaker or the like can be utilized. The
"substantially 10horizontal plane" means a plane having an inclination by which the particles do not
gather in one side of the analysis chip when the carrier is rotated, and may preferably be a plane, for
example, shifieddremitbennosizaniakplanetsidiofddigtecaniRevdlbtionismbansahatdhe analysis
chip revolutes about an optional revolution axis. In this case, it is preferred that the analysis chip
revolute abowtsity dptinmél irevaiutisalexidosuch staat it déisesshakire RiroIONPRIgHEhe analysis
chip itself may or may not rotate (s in@% is_preferred that the analysis ¢hip do nat rotate because the
apparatus is BigfptessHir £TaHE adtdbiEisiitr SRMtA AP IS HBRLEY ?W%Wﬁg efficiency of
stirring is promoted. [0059] 20The direction of revolution. is not restricted, he IS chip may
continuously st BhE ’Eﬁ%gtloiﬁ? ?%%?/Srlé’\\%)%ﬁ}lg ?é@ggﬁﬁéozhﬁiﬁsgr%@%ﬁ%%ﬁn%% orward
directi%n andg@é%rf]se direction at a constant period such as per one or two revolutions, or at a random
period. The rate of revolution when the analysis chip is revoluted is preferably from 100 rpm to 500
rpm. If the rate of repelitien is.d8lessitbanalQQanits suifisienbsirdngimayinairbespedialined, and if it is
more than 500 rpm, the vessel may be peeled off from the analysis chip by the centrifugal force. The
rate of revolutisricisespeciaty:pheferadynfiono20@/rpm tehd3d0isgamedtbamtbadb2agolution may be
constant throughout the stirring time, or may be changed periodically or randomly. The radius of the
circular orbit @&seribetsbycteaitalsis hip E%ﬁéttﬁ"élééf%?ﬁfiBﬁligepi*@féi%ilyaﬁ‘grw?%ﬁ‘?% 5cmin
terms of the radius of the circul or%t desc&%@%by the centra} &qrtiqn tof ttae aneglsyési n((:Fhip. If the
radius 5is les& A BHR WHEREARRING gy HoP Y Partrhedd Bnd PR [ more tham 5 cm, the

vesse] may be peeled offram dhe Analvsia.cip gy s centtifioaldayee. The circular orbit s not
restricted to perfec circ?e, but may have more or less éleformation, and may be, for example, ellipse.
[0060] [0056]

With the analysis chip of the present invention, the solution is stirred by
moving the particles. Preferably, the particles are moved by moving the particles
utilizing the gravity or magnetic force (in case of magnetic beads), or by applying

15 acceleration to the analysis chip by vibration-shaking or rotation, or combination
thereof. Among these, the method wherein the particles are moved by rotating the
analysis chip along the plane perpendicular to the direction of gravity, or by shaking
(quickly moving) the analysis chip in the direction of up and down or back and forth
is preferred because it can be easily performed and sufficient effect is obtained.

20 [0057]

In the method wherein the analysis chip is rotated along the plane parallel or
substantially parallel to the direction of gravity {the vertical or substantially vertical
plane) to move the particles by gravity, the rotational speed of the analysis chip is
preferably 0.1 rpm to 30 rpm.  If the rotational speed is more than 30 pm, the

25 gravity in the opposite direction is applied before the particles are well moved in one
direction. That is, the distance of reciprocation of the particles in the test substance

solution is small, so that the effect of stirring may not be well exhibited. Ifthe



10A method wherein the analysis chip is swung describing the figure of 8 in the plane perpendicular or
substantially perpendicular to the direction of gravity (horizontal or substantially horizontal plane) to
move the particles is also preferred. In this case, it4s preferred that the analysis chip describe figure of
8 left-right symmetrically about a figure of 8 swing axis. The direction of the figure of 8 swing 15is not
restricted, and the analysis chip may continuously swing describing figure of 8 in one direction, or may
swing describing figudreRts repsatingrpatierprswiiching thesaodarduditectionand:ieverse direction at
a constant period such as per one or two swings, or at a random period. The rate of swing when the
analysis chipuisoswimgpddiprédesatuyfiromd1Be tiom dorb@Owhimb it isslesD skrnecl 80U, isufficient
20stirring may not be performed, and if it is more than 500 rpm, the vessel may be peeled off from the
analysis chip Hiyraseivamisgdhs rca fipEnhedler Swar §96 R pEEERE préfer K 85200 rpm to 300
rpom. The rate of figure of 8 swing may be constant thro gﬁhout the_stirring time, or may be changed
periodically o%ﬁ%?‘ﬁ ehATE gL 5P BRI Ia§r B TdPe of 8 orbit described by the
analysis 25 cl@% ring the swing is preferably from 2 cm to 5 cm in terms of the radius of the circular
y

orbit déscribe he central portion of the analysis chip. If the radius is less than 2 cm, sufficient

stirring may not be performed,andiif iis matrithanAcrvodadhealvasset May-be peeled off from the
analysis chip by the centrifugal force. [00614 A method wherein acceleration is applied by vibrating

or shaking theapalysisiehip tomavedhe papicldsinthe heldiiertisratsgavigtiodivinichanay
preferably be 5employed. In this case, it is preferred to shake the analysis chip up-down symmetrically
or left-right symbseticallyhabzaneh Kptional mees IWhew ke aiaissiPeAmps st dIsakes p and down or

back and forth, the rate of shaking is preferably from 100 times/min III% 500 times/ lin. If the rate of
shaking is Ies%Oﬁ”ﬁgﬁrfﬁﬂIft’iﬁI@éIﬁIﬁIﬁ,Sgﬁlfﬁﬁi%%%III‘iﬁé%%‘ﬁ%Iﬁféipe Fmatps it is more than 500

ti /min, the 10 I b I ff th lysj Ip byt i I . The rate of
ol i coBOUHAT) B DU R 300 TaaA i i ke oY ARG may b

shakin erably fon mes imes/min shaking may be

constant thfotgg.ﬁ%%ﬁ%éml{‘gftiﬁé%ﬁw@mg ghaneed neriodicaltued randembyeirdheishaking, the
amplitude of shaking of the analysis chip is preferably 2 cm to 5 cm. If the amplitude is less than 2 cm,
sufficient stirripganpaitie, for example, shifted from the horizontal plane by 0 to 3 degrees.
"Revoiution” means that the analysis chip revolutes about an optional revolution axis.
In this case, it is preferred that the analysis chip revolute about an optional revolution
15 axis such that it deseribes a circular orbit.  Although the analysis chip itself may or
may not rotate (spin), it is preferred that the analysis chip do not rotate because the

apparatus is simple and a large acceleration or centrifugal force is applied, so that the

efficiency of stirring is promoted.

[0059]

20 The direction of revolution is not restricted, and the analysis chip may
continuously revolute in one direction, or may revolute repeating a pattern switching
the forward direction and reverse direction at a constant period such as per one or
two revolutions, or at a random peried.  The rate of revolution when the analysis
chip is revoluted is preferably from 100 rpm to 500 rpm.  If the rate of revolution is

25 less than 100 rpm, sufficient stirring may not be performed, and if it is more than 500

pm, the vessel may be peeled off from the analysis chip by the centrifugal force.

The rate of revolution is especially preferably from 200 rpm to 300 rpm.  The rate of



15not be performed, and if it is more than 5 cm, the vessel may be peeled off from the analysis chip by
the centrifugal force. [0062] In cases where the fluorescence intensity is measured by a scanner
apparatus after the hybridization reaction with the t88t substances without disassembling the
20analysis chip and removing the vessel or the separator, if self-fluorescence is emitted from the
particles, this emission acts as a noise and the detection accuracy may be decreased. Therefore, it is

important to ysesuseRakalosNbichamittongronrerticedise fifficoresaenee tippadight irradiation. To
decrease the self-fluorescence from the particles themselves, similar to the case of separator
mentioned ahevidicisiprefermdd@bio CBrstitdies thiethacticldsnathiadpetyit RothpasRiFthe structural
unit represented by the General Formula (I) or General Formula (2) described below; or with a black
polymer incoﬁé@%ﬁﬁ@}lﬁ BB R ST AP KIC B AHBTTSE b o B iR fEne, which
substance does not emit light by light jrradiation and/or which substance absorhs, the light emitted from
the polymer; B8 ?]'s‘f}‘}?ﬁ geg%ﬁﬁ%%% & H?? c%ﬁé%ntﬁg%lgrﬁéﬁé?&%cgf)ainEg%skﬁarggcc{gu\’/vhich does
not emit light upon. light irradiatien.. ing.s icl If- f articles can
be Sreduced ¢ 3 ﬁ?\sgk%g %g%?ﬁ%%{b{%&{%?ﬂgm I@r%%e%%%gs%%%g ?ﬁgﬁ gg{?ﬁr&?g%v% i?é%h%@srglective
binding SUbStéﬁC@(%i%%f%ijB%@&bﬂﬁ%kﬁ nevslassrketh R084kentrAsstheastierras which the
selective binding substance(s) is(are) immobilized used in the analysis chip of the present invention,
those whose siitfdaedailas avhastantédegparfstreoktice leambe bsetmncaséssdmrensabarier whose
surface has an irregular structure is used, it is preferred that the selective binding substance(s) be
immobilized oméhaayppefeurfaset tldnstotrusions in the irregular structure. By 15employing such a
structure, the[%%%%c}tion of the non-specifically adsorbed test

10 | A method wherein the analysis chip is swung describing the figure of § in the
plane perpendicular or substantially perpendicutar to the direction of gravity
(horizontal or substantially horizontal plane) to move the particles is also preferred.
In this case, it is preferred that the analysis chip describe figure of 8 left-right
symmeirically about a figure of 8 swing axis. The direction of the figure of 8 swing

15 is not restricted, and the analysis chip may continuously swing describing figure of 8
in one direction, or may swing describing figure of 8 repeating a pattern switching
the forward direction and reverse direction at a constant period such as per one or
two swings, or at a random period.  The rate of swing when the analysis chip 1s
swung is preferably from 100 rpm to 500 rpm.  If'it is less than 100 rpm. sufficient

20 stirring may not be performed, and if it is more than 500 rpm, the vessel may be
peeled off from the analysis chip by the centrifugal force. The rate of swing is
especially preferably from 200 rpm to 300 rpm.  The rate of figure of 8 swing may
be constant throughout the stirring time, or may be changed periodically or randomly.

In the figure of 8 swing, the radius of the figure of 8 orbit described by the analysis

3]
{3}

chip during the swing is preferably from 2 ecm to 5 ¢m in terms of the radius of the
circuiar orbit described by the central portion of the analysis chip. If the radius is

less than 2 em, sufficient stirring may not be performed, and if it is more than 5 cm,



substance(s) can be reduced, so that the noise is small and good results having low SIN can be
obtained. The concrete reason why the noise is ma}de small is as follows: That is, when the carrier on
which the selective binding substance(s) is(are) immobilized on the upper surface of the protrusions is
scanned with an 20apparatus called a scanner, since the laser light is focused on the upper surface of
the protrusions in the irregular structure in either cases where the detection is conducted from the
surface of theiparlisl(the sbefaeaaniviich he seieativethinsingsubstifgel($his{are) immobilized) or
where the detection is conducted from the backside, the laser light is blurred at the recesses, so that
the undesiradkgdfilibrescence 25(noise) from the test substance(s) non-specifically adsorbed to the
recesses is hardly detected. [0065] 27 The heights of the protrusions in the irregular structure are
preferably substantidlljpribedicdicidigracceisabon arricd nstaARRAME pfeTirkiretfisamelit the
variations in the intensities of thegi%nal Jevel are not problematic wher:hthe seleg tivgl bi@ding

Fi Q fera Y De

substance(s) F8{RrS) TAMTIBAIDEE Grete ST PRILE Bt th %}r%tmesio?%\yv {688 RERNS are more or less
different, the Seleﬁ;[‘i,r\é%.biqgi&gs%ﬁgétﬁqg%{f??eiﬁ@@ Ipacted withithe tesh Sybsiance(s) and the resultant
0 ely

is scanhed with & Scariner. More concre , 'the heights are substantially identical® means that the

difference in Reighteisilass thandQmumsMararefsrably: theogiilarensesin hright indessaithan 30 run,
and still more preferably, the height is the same. 10[0066] Further, the upper surface of the
protrusions isqnieferablyesubstadtialy:flat bhterentheuipper sudaceloiing prptedsians fswubstantially
flat" means that irregularities of not less than 20do not exist. [0067] a 5Further, among the analysis
chips whose d&iiBmisssan trrefuiimesiaiturel thegetawaruisiagid wrEnahidH thewatstion is carried
out from the side_of the irregular surface on which the selective bi dingﬁ#bstance s) is(are)

II

immobilized pREfaraBIy AR PO RORHMREPetiBhery thErw:: RS prBferred that the
height of the uppes Suface oL e RIS IRRSIING LIROWRIROUAR A BiFce.  The rate of
shaking is especially preferably from 200 times/min to 300 times/min.  The rate of
shaking may be constant throughout the stirring time, or may be changed pertodically
or randomly.  In the shaking, the amplitude of shaking of the analysis chip is
preferably 2 em to 5 cm.  If the amplitude is less than 2 cm, sufficient stirring may
15 not be performed, and if it is more than 5 cm, the vessel may be peeled off from the
analysis chip by the centrifugal force.
[0062}
In cases where the fluorescence intensity is measured by a scanner apparatus
after the hybridization reaction with the test substances without disassembling the
20 analysis chip and removing the vessel or the separator, if seli-fluorescence is emitted
from the particles, this emission acts as a noise and the detection accuracy may be
decreased. Therefore, it is important to use a separator which emits no or reduced
self-fluorescence upon light irradiation.  To decrease the seif-fluorescence from the
particles themseives, similar to the case of separator mentioned above. it is preferred
25 to constitute the particles with a polymer comprising the structural unit represented
by the General Formula (1) or General Formula (2) described below; or with a black

polymer incorporating a substance such as carbon black. carbon nanotube or



20height of the flat portion be substantially the same. That is, the difference in the height of the flat
portion and the height of the upper surface of the pégtrusions is preferably not more than 50 um. More
preferably, the different is not more than 30 um, m6st preferably, the height of the flat portion and the
height of the protrusions are the same. 25[0068] 28 periphery of the irregular portion, a flat portion 14
is arranged, and the selective binding substances (e.g., nucleic acids) are immobilized on the upper
surfaces 13 dithedpetrisionubiditivsdcts acasnier Liwinery thehd étediiovisacdrnediaah from the side of
the irregular surface, the excitation light can be easily focused on the upper 5surfaces of the
protrusions usithgtanics fikspdrtit. ibrenpaic rarybwhelviims: sudarnepfeecise PEEEdHation light on
the surface of the carrier, the focusing is often preliminarily carried out such that a carrier 15 is abutted
to a jig 16, aﬁaea%ﬁgféﬁryﬂfli@@%E@%ﬁ%ﬂl%éﬂé@ﬁ&ﬂ&l&&ﬁ%&I&tﬁfém&%,@%ﬁ&% in Fig. 17. By
abutting the flat portion of the carrier used.in the, analysis chip of the present invention to the 10surface
ot the j, the TIPS o IhE S e e Baty o R e T R LT
protrusions. [00691, 1 1 .AsShawnin;fig. 18, in cases where the surface of the carrier on which the
selective binding substance( s) is( are) immobilized is flat, and where the signals are 15read from the
backside of thggrface on which the selective binding substance(s) is(are) immobilized without
disassembling the analysis chip and removing the vessel or the separator, in order to focus the laser
light on the surface &netiehich therselativebindingrsubstirce{sytistare)dmarrobilizee:(itlis preferred to
provide, for example, a marker region on the carrier,which enables the surface to be detected by
reflection or Zéfﬁ@]ikémﬁbgé%@si%\lﬁé?’éiﬂﬁ@%ﬁlysis chip illustrated in Fig. 9 is read by a scanner
without remoﬁ&ﬁe vessel, as shown in Fig. 19, it is preferred to provide a marker region on the
carrier, which es the surface to be detected by reflection or the like, which surface is substantially

the sayme height as U qurfages o1 Which e SelSgve Bding,subanse(aHs(aiel pamebilzed. i
order to focus the laser light onthe 25surface, and to read the signals by a scanner from the side of
the vessel.  yged in the analysis chip of the present invention, those whose surface is flat or has
an irregular structure can be used. In cases where a carrier whose surface has an
irregular structure is used, it is preferred that the selective binding substance(s) be
immobilized on the upper surface of the protrusions in the irregular structure. By
15 employing such a structure, the detection of the non-specifically adsorbed test
substance(s) can be reduced, so that the noise is small and good results having low
S/N can be obtained. The concrete reason why the noise is made small is as
follows: That s, when the carrier on which the selective binding substance(s)
is{are) immobilized on the upper surface of the protrusions is scanned with an
20 apparatus called a scanner, since the laser light is focused on the upper surface of the
protrusions in the irregular structure in either cases where the detection is conducted
from the surface of the carrier (the surface on which the selective binding
substance(s) is(are) immobilized) or where the detection is conducted from the
backside, the laser light is blurred at the recesses, so that the undesirable fluorescence
25 (noise) from the test substance(s) non-specifically adsorbed to the recesses is hardly
detected.

[0065]



[0070] 29 which the selective binding substance(s) is(are) immobilized means the portion on which
the selective binding substance(s) (e.g., nucleic acid) is(are) immobilized from which data are
necessary, and the portions on which a selective k’?rﬂding substance nothing more than a dummy is
immobilized are excluded. [0071] In the analysis chip of the present invention, either in the case
where the surface shape of the regions on which the selective binding substance(s) is(are)
immobilized are flatydegutanitic preferieddhatibenaeas efdheuiespesivRsbrfaces on which the
selective binding substances) is(are) immobilized be 10substantially the same. Here, "the areas of the
immobilizatiosubsifacssydresidastariialty the bale’ areanssthatishls gleotienlt ehtansababyhdividing the
largest area of the immobilization surface by the smallest area of the immobilization surface is not
more than 1.2a[60P2} Isthetietensities pialingighal levgjuier RetUBRINE MpdCcBEIOPIE§6PEF surface of
the protrusions on which the selective binding substa ceé'?%fjs(gé?) immobilized is QOt restricted, and is

preferably noPTRTHS SRR GHHIS @R HERRESTRAR™ BLRS! Aot the RARWSSIRE S¥1¥%ucing the
amoun of th%te%e cetive bg“g@%%%%?ﬁé}%ﬁﬁ Hand.ease il Qﬁgdé{{%gt%x%e%?gﬂaﬁ . ihey carrier having
0 ess tha

the irregular structire, the heig € protrusions is preferalily not less urn and not more

than 500 am,.gspecially Rigferablysnehdass thanaQ pRaRdItMarehag 309i8:8. If the height of the

protrusions is smaller than this, the test substance(s) non-specifically adsorbed on portions other than
the spots (prajsusiorisurtaces)dhayhedaiestedivatenasA rasulis thet S diféydredawered. On the
other hand, if the height of the protrusions is not less than 500 hm, the protrusions are likely to be
snapped and larigkers, dsidieis roblemiitics BofoaTia] the differpmateridicphistitiasadiareCarrier used in
the analysis chip of the present invention is not restricted. Preferred materials of the carrier are glass

and various peRrABIsSEXERTSIBE B IRE PR HidEThiE i spBl§styrene, polymethyl methacrylate,
10 100066]
Further, the upper surface of the protrusions is preferably substantially {lat.
Here, "the Lipper surface of the protrusions is substantially fiat" means that
irregularities of not less than 20 um do not exist.
[0067]

Further, among the analysis chips whose carrier has an irreguiar structure,

)
{5

those analysis chips with which the detection is carried out from the side of the
irregular surface on which the selective binding substance(s) is(are) immobilized
preferably have a flat portion at the periphery thereof.  Still further, it is preferred
that the height of the upper surface of the protrusions in the irregular portion and the
20 height of the flat portion be substantially the same. That is, the difference in the
height of the flat portion and the height of the upper surface of the protrusions is
preferably not more than 50 ym.  More preferably, the different is not more than 30
um, most preferably, the height of the flat portion and the height of the protrusions
are the same.
25 [0068]
An embodiment of a carrier having the irreguiar structure of the analysis chip

of the present invention is iltustrated in Fig. 14, Fig. 15 and Fig. 16.  Atthe



5polycarbonate and polyolefins. The term "polymer" herein means a macromolecular compound
having a number average degree of polymerization of not less than 50. The preferred range of the
number average degree of polymerization of the paﬁ/mer is from 100 to 10,000. Especially preferably,
the number average degree of polymerization of the polymer is not less than 200 and not more than
5000. The 10number average degree of polymerization can be easily measured by measuring the

molecular wejght,afthemelymeniy:sanventinaabiethed usingdoRCAgelieemmedtion
chromatography). [0075] In cases where the material of the carrier is a glass, the immobilization of the

15selective bhidingsubstance ¢ag.bedttainedHyréormexamiphed perfbemingsilafiecoliplig treatment to
generate functional groups on the surface, and the selective binding substance such as DNA can be
immobilized ey ehiefionstionsi  roisps 481t toERb e rstaskiamp caaifhrgfEipdieatide generated

on the surface of the glass using an aminoalkylsjlane, and in case of DNA. the DNA can be
immobilized ZBUHRAFEHRE PYive BREHGLDIH %’rﬁﬁB g @aﬁ?&‘{ﬁ&\’é{l\‘ ﬁgétgﬁ\l}g%eﬁarge of the DNA.

< b RS NERIRR L RBelBTef hakhe caeruiacadar tmanilzng e seecive

bindingasubstancec%e a solid containing a“polymer-having a structural unit represented by General

Formula (1) belaw,begausesthe seli4isflugipsreneaafibe sairiesneon ighblatiationrean be
reduced. [0077] [Formula 1]
preliminarily carried out such that a carrier 15 is abutted to a jig 16, and a laser hight
19 is focused on the abutting surface of the jig 16, as shown in Fig. 17. By abutiing
the flat portion of the carrier used in the analysis chip of the present invention to the
10 surface of the jig, the laser light from the scanner can easily be focused on the upper
surface of the protrusions.
[0069]
As shown in Fig. 18, in cases where the surface of the carrier on which the
selective binding substance(s) is(are) immobilized is flat, and where the signalis are
15 read from the backside of the surface on which the selective binding substance(s)
is(are) immobilized without disassembling the analysis chip and removing the vessel
or the separator, in order to focus the laser light on the surface on which the selective
binding substance{s) is(are) immobilized, it is preferred to provide, for example, a
maticer region on the carrier, which enables the surface to be detected by reflection or
20 the like. In cases where the analysis chip illustrated in Fig. 9 15 read by a scanner
without removing the vessel, as shown in Fig. 19, it is preferred to provide a marker
region on the carrier, which enables the surface to be detected by reflection or the like,
which surface is substantially the same height as the surfaces on which the selective
binding substance(s) is(are) immobilized, in order to focus the laser light on the
25 surface, and to read the signals by a scanner from the side of the vessel.

[0070]

In the analysis chip of the present inventior, the "immobilization surface" on



R.ICFL2 C=0 X R2) 31 X=0, NR.CH-, (wherein in General Formula (1), 12,", R2 and R3
represents an alkyl group, aryl group or a hydrogeggatom). [0078]

which the selective binding substance(s) is(are} immobilized means the portion on
which the selective binding substance(s) (e.g.. nucleic acid) is(are) immobilized from
which data are necessary, and the portions on which a selective binding substance

nothing more than a dummy is immobilized are excluded.

(@2

[0071]

In the analysis chip of the present invention, either in the case where the
surface shape of the regions on which the selective binding substance(s} is(are)
tmmobilized are flat or irregular, it is preferred that the areas of the respective
surfaces on which the selective binding substance(s) is{are) immobilized be
10 substantially the same. Here, "the areas of the immobilization surfaces are
substantially the same" means that the quotient obtained by dividing the largest area
of the immobilization sutface by the smallest area of the immobilization surface 1s
not more than 1.2.

[0072]

[
(@1

In the carrier having the irreguiar structure, the area of the upper surface of
the protrusions on which the selective binding substance(s) is(are) immobilized is not
restricted, and is preferably not larger than 1 mm®, and not Jess than 10 pum’, from the
viewpoint of reducing the amount of the selective binding substance(s) and ease of
handling.

20 [0073]

In the carrier having the irregular structure, the height of the protrusions is
preferably not less than 10 pm and not more than 500 pm, especially preferably not
Jess than 50 um and not more than 300 um.  if the height of the protrusions is

smaller than this, the test substance(s) non-specifically adsorbed on portions other

B2
@3

than the spots (protrusion surfaces) may be detected, and as a result, the S/N may be
lowered. On the other hand, if the height of the protrusions is not less than 500 pm,

the protrusions are likely to be snapped and broken, which is problematic.



5As the polymer containing the structural unit represented by General Formula (1), a homopolymer or
a copolymer can be employed. In case of a copolymer, the copolymer preferably contains the
structural unit represented by General Formula (1)%?1 an amount of not less than 10% based on the
total monomer units. [0079] 1 OIn General Formula (1), R1 and R2 represent, the same or different, an
alkyl group, an aryl group or a hydrogen atom. The alkyl group may be straight or branched and
preferably hagya7garbon number of | to 20. The aryl group preferably has a carbon number of 6 to 18,
more preferably 6 to 12. Functional group Xis optionally selected from 0. NR3 and CE12. R3is a
functional group havihg treesmheitdefingtiba st ered R2hOOBEYsis clig tHdhgalyasRst constituting
the carrier surface, a thermoplastic copolymer having an acid anhydride unit may also be employed.

The thermop EsEaESpBIPRIEESFEErablV REETSH BEIGTHHhE e aricr AR Se AKhYAIEE unit herein
means the 20unit existing in the skeleton of the main chain or a side chaip of the ther lastic
copolymer or%ﬁﬁ?ee’i%rn%‘ﬁfnﬁf?éﬁﬁ)ﬁ%po ¥F\I§58}8?1_é%net®%ﬁat. Ghi ’i%%llmg P?\Ie%e?g%? %‘%pnhydride unit,
glutaric anhydride Hnit, MALE ANYEARUNrilaRoRio ANAYTIde.HOl FlkACARiE ARMAEdR it and
aconitic anhydride unit. Among these, 32 maleic anhydride unit and glutaric anhydride unit are

preferred, and the @lutesis anhygridednitdepresented bydiRenaenaia Formulayabelow is more
preferred. [0081] [Formula ZT

The preferred range of the number average degree of polymerization of the polymer
is from 100 to 10,000. Especially preferably, the number average degree of
polymerization of the polymer is not less than 2060 and not more than 5000.  The
10 number average degree of polymerization can be easily measured by measuring the
molecular weight of the polymer by a conventional method using GPC (gel
permeation chromatography).
[0075]
In cases where the material of the carrier is a glass, the immobilization of the
15 selective binding substance can be attained by, for example, performing silane
coupling treatment to generate functional groups on the surface, and the selective
binding substance such as DNA can be immobilized using the functional groups as
the toehold. For example, amino groups can be generated on the surface of the
glass using an aminoalkylsilane, and in case of DNA, the DNA can be immobilized
20 utilizing the positive charge of the amino groups and the negative charge of the DNA.
[0076]
In the present invention, it is preferred that the carrier surface for
immobilizing the selective binding substance be a solid containing a polymer having
a structural unit represented by General Formula (1) below because the seli-
25 fluorescence of the carrier upon light irradiation can be reduced.
[0077]

[Formula 1]



[0082] (wherein Ft4 and R5, the same or different, represent a hydrogen atom or a CI-05 alkyl group).
[0083] Although the thermoplastic copolymer is_not restricted as long as it contains the acid
anhydride unit, the thermoplastic copolymer prefer% ly has an unsaturated carboxylic acid unit
represented by General Formula (3) below. [0084] [Formula 3] It 6 coo(3) 15 [0085] (wherein R6
represents a hydrogen atom or a CI-C] alkyl group) The "unsaturated carboxylic acid unit" herein
means the unit obtained by copolymerizing an unsaturated carboxylic acid monomer. The unsaturated

20carboxylic aC|df'mono ysed here is not restricted, and any unsaturated carboxylic 33 acid
monomer which d ( ((é polymerized with another vinyl compound can be employed. Examples of
the preferred uns ‘catboxylic acid monomer include those represented by the General Formula
(4) below, [0086] ?"f} ﬁ;}
X H=0, NRE, CH,
Rﬂ
“ J

{(wherein in General Formula (1), R, R? and R represents an alky! group, aryl group
or a hydrogen atom}).
[0078]

5 As the polymer containing the structural unit represented by General Formula
(1), 2 homopolymer or a copolymer can be employed. In case of a copolymer, the
copolymer preferably contains the structural unit represented by General Formula (1)
in an amount of not less than 10% based on the total monomer units.

[0079]

10 In General Formula (1), R and R? represent, the same or different, an alkyl
group. an aryi group or a hydrogen atom. The alkyl group may be straight or
branched and preferably has a carbon number of 1 to 20.  The aryl group preferably
has a carbon number of 6 to 18, more preferably 6 to 12, Functional group X 18
opiionally selected from O, NR; and CH,. R’ is a functiona! group having the same

15 definition as R' and R,

[0080]

As the polymer constituting the carrier surface, a thermoplastic copolymer
having an acid anhydride unit may aiso be employed. The thermoplastic copolymer
praferably has an acid anhydride unit.  The acid anhydride unit herein means the

20 unit existing in the skeleton of the main chain or a side chain of the thermoplastic
copolymer or at the terminal. Examples of the acid anhydride unit include
{meth)acrylic anhydride unit, glutaric anhydride unit, maleic anhydride unit, itaconic

anhydride unit, citraconic anhydride unit and aconitic anhydride unit. Among these,



5[Formula 4] Cli.2=-C(4) COOLI [0087] (wherein R6 represents a hydrogen atom or a C1-05 alkyl
group). maleic acid and hydrolysate of maleic anhydride. From the viewpoint of the 10excellent heat
stability, acrylic acid and methacrylic acid are prefe??ed, and methacrylic acid is more preferred. These
units may be employed individually or two or more of them may be employed in combination. [0088]
Further, the thermoplastic copolymer preferably has an unsaturated carboxylic 15acid alkyl ester unit
represented by.{be GeReralchamuia (R belown[Q0B] RommubeRi-R0a0) 20(whessin R7 represents a
hydrogen atom or a C1-05 alkyl group; R8 represents a Cl- C6 aliphatic or alicyclic hydrocarbon group,
or CI-Co aliphatigdidalinyickepnyciraed o gfbupsibstituted( by Headogempodd preferred.

[0081]

[Formula 2]

5
[0082]
(wherein R* and R, the same or different, represent a hydrogen atom or a C;-Cs alkyl
group).
[0083]

10 Although the thermoplastic copolymer is not restricted as long as it contains
the acid anhydride unit, the thermoplastic copolymer preferably has an unsaturated
carboxylic acid unit represented by General Formula (3) below.

[0084]
[Formuia 3]
F o
™ ooy ©
\ COO0
15

[0085]

(wherein R® represents a hydrogen atom or a C;-Cs alkyl group).

The "unsaturated carboxylic acid unit" herein means the unit obtained by
copolymerizing an unsaturaied carboxylic acid monomer. The unsaturated

20 carboxylic acid monomer used here is not restricted, and any unsaturated carboxylic



The "unsaturated carboxylic acid alkyl ester unit" herein means a unit obtained by copolymerizing an
unsaturated carboxylic acid alkyl ester monomer. Here, the unsaturated carboxylic acid alkyl ester
monomer is not restricted, and preferred examples?’ihclude those represented by the General Formula
(6) below. 5(wherein R7 and R8 have the same definitions as described above). [0091] [Formula 6] R7
C1212=C(6) COORS8 [0092] 10In the analysis chip of the present invention, the carrier surface for
immobilizing fheiselectiver bindingslhstapss iscpiaiérablyaa@abrmeny hevimgoiunictionad groups. If the
surface of the carrier made of the polymer has carboxylic groups or acid anhydride as functional
groups, the setectivedindingrmibstdiite traldrngdrnaminsagrouporhigaotyhgramet it edmmobilized
on the carrier surface by 15covalent bond. In cases where carboxylic groups exist on the carrier
surface, to erfhaHcEBRSHIRIODIEaoMFEASH BRI 88l8%ive binding substance, various condensing
agents suchjﬁig clohexylearbodiimide, N-ethyl-5-phenylisooxazolium31-sulfonate,

1-ethyl-3-(3-di ylaminopropyl)carbodiimide (EDC) can be used. Using such a condensing agent,
when tge car -é%ﬁ%igr p on the carrier surface and 20the amino group on the selective binding
substance are reacted, the selective binding substance is immobilized on the carrier surface through
an amide bond, and whgp the carboxylic group on the carrier surface and the hydroxyl group on the
selective binding substahce are reacted, the selective binding substance is immobilized on the carrier
surface through@gigster bond. In cases{ )ere a polymer in which an acid 25anhydride exists on the
surface, the above-desgéi&&%ondensing agent may be added,

00871

{wherein R® represents a hydrogen atom or a C;-Cs alkyl group).

maleic acid and hydrolysate of maleic anhydride.  From the viewpomt of the
10 excellent heat stability, acrylic acid and methacrylic acid are preferred, and

methacrylic acid is more preferred.  These units may be employed individualiy or

two or more of them may be employed in combination.

10088]

Further, the thermoplastic copolymer preferably has an unsaturated carboxylic

15 acid alkyl ester unit represented by the General Formula (5) below.

[0089]

[Formula 5}

.

RJ‘

{:Hg““? {g}
COOR)
f0050]
20 (wherein R’ represents a hydrogen atom or a Ci-Cs alkyl group; RY represents a Cy-
(g aliphatic or alicyelic hydrocarbon group, or Cy-Cy aliphatic or alicyclic

hydrocarbon group substituted by halogen).



35 but even if the condensing agent is not added, covalent bond can be attained, for example, with an
amino group on the selective binding substance. [Q093] It is preferred to immobilize the selective
binding substance on the carrier 5whose surface Q% polymer because non-specific adsorption of the
test substance is reduced, and the selective binding substance can be firmly immobilized through a
covalent bond at a high density. In cases where the carrier surface is a polymer, a carrier having a
higher hybridigatiomeffigiepey mitkihe el slsstanaeaan hewbtained thartitiobhameddes where the
carrier is made of glass presumably because the Ospacial freedom of the immobilized selective binding
substance is targéyn{0084} Rrefesred sxdmptesdicieigolaressavingdomectionddgrdiips include
polyalkyl methacrylates (PAMA{‘suc_h as polymethyl methaerylate (PMMA), polyethyl methacrylate
(PEMA) and poiBrssyl AEpRETHnad Alnd A8 then BRpeE AN PR D56tk thy |
methacrylate. Further, polyvinyl acetate, polycyclohexyl methacrylate, . polyphenyl methacrytate or the
like can also B&" Fo&gg&g.%tﬁ?ﬁ?ﬁ%ﬁ %Cgﬁ%ﬁ)%fégg ?(()é;lnf:arfﬁiﬁa ¥éllas @gfﬁra Units of these polymers in
combination, Qrythe; gapolymess Having a.IurtHEe A0tINIRg g stiiRral units of these polymers
together with tﬁe structural units of one or more other polymers can also be employed. 20 Here, as
the other pol 1 polystyrene is exemplified. In cases where the polymer is a copolymer, the
percentage of the monomer(s) containing a carbonyl group, such as an alkyl methacrylate, is
preferably noffessititad)10 mol%. [0095] To immobilize a selective binding substance on a carrier

having on its surface 25the polymer containing at least one structural unit represented by General
Formula B’

i .
CHy=C (6)
CooR®
[0092]
10 In the analysis chip of the present invention, the carrier surface for

immobilizing the selective binding substance is preferably a polymer having
functional groups.  If the surface of the carrier made of the polymer has carboxylic
groups or acid anhydride as functional groups, the selective binding substance having
an amino group or hydroxyl group can be immobilized on the carrier surface by

15 covalent bond. In cases where carboxylic groups exist on the carrier surface, to
enhance the immobilization reaction of the selective binding substance, various
condensing agents such as dicyclohexylcarbodiimide, N-ethyl-5-phenylisooxazolium-
3'-sulfonate, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) can be used.
Using such a condensing agent, when the carboxylic group on the carrier surface and

20 the amino group on the selective binding substance are reacted, the selective binding
substance is immobilized on the carrier surface through an amide bond, and when the
carboxylic group on the carrier surface and the hydroxy! group on the selective
binding substance are reacted, the selective binding substance is immobilized on the

carrier surface through an ester bond.  in cases where a polymer in which an acid

]
N

anhydride exists on the surface, the above-described condensing agent may be added,



(1), it is preferred to perform a pretreatment to generate carboxylic groups on the carrier surface.
Examples of the method of generating carboxylic groups on the 36 carrier surface include treatments
with a liquid or solution of an alkali or acid; sonication in warm water; and exposure of the carrier to
oxygen plasma, argon plasma or radiation. From the viewpoint of easily carrying out the method, the
method wherein the carrier is immersed in a liquid or solution of an alkali or acid to 5 generate
carboxylic groupsyen thehsutfadeisnprefentadnbaidexdnplel the iwadiesisbinameansddin an aqueous
solution (preferred concentration is IN to 20N) of sodium hydroxide or sulfuric acid, and incubated
preferably at 80800 Hem bindur gootp@hdurs:fB0seriv8incsutistatearier whose surface on which
the selective binding substance is immobilized has an irregular structure can be prepared by injection
molding or hdP8fBossing if the polymer containing the structural unit represented by General Formula

(1) or General Formula (2) Is used, .a carrier having a precise irreqular shape can be.easily produced
e AT PN A Al T S S TGS can pree

in a large scale. Es ge scalé production, it can preferably

be employed 03NS MeasHiReN! aha slisbaiancadpiafbe.anaysisehip of the present

invention, usually, a fluorescently labeled test substance and the selective binding substance

immobilized apthe-carmienare-subiectaddadyviyidizationrsagtiany ansh3othareatiendhe fluorescence
intensity is measured by a scanner apparatus. Here, the scanner diaphragms the laser light which is

the excitationdightanithoaud ebjdatireltensy anthcasdenbes tihe taseeilightattoweveiyibselé-fluorescence
is generated from the carrier surface, the emission serves as a noise and detection accuracy may be
reduced. Therefoirs ligvénafpbhen houkbzatcuraEiciaieh Bl orshstesd s8iftfuorescence 25

upon light irradiation, To decrease the self-fluorescence frgm %hﬁi carrier itself, sBimiIar to, the case of
separator meRBBHEE SHVE RIS HITTRSH (DS EHERUR T TR SRIT S FEORToSing the

Strucu}j@' units{aezaelra %Qet 91‘[? Y Q\ee %?r%%ﬁ%z%g selective binding substance is larger.
[0094]

Preferred examples of the polymer having functional groups include polyalkyl
methacrytates (PAMA) such as polymethyl methacrylate (PMMA), polyethy!
methacrylate (PEMA) and polypropyl methacrylate. Among these, especially

15 preferred is poiymethyl methacrylate. Further, polyviny! acetate, polycyclohexyt
methacrylate, polyphenyl methacrylate or the like can also be employed.  Still
further, copolymers containing the structural units of these polymers in combination,
or the copolymers having a structure containing the structural units of these polymers
together with the structural units of one or more other polymers can also be employed.

20 Here, as the other polymer, polystyrene is exemplified. In cases where the polymer
is a copolvmer, the percentage of the monomer(s) containing a carbonyl group, such
as an alky! methacrylate, is preferably not less than 10 mol%.

[0095]

To immobilize a selective binding substance on a carrier having on its surface

25 the polymer containing at least one structural unit represented by General Formula
(1), it is preferred to perform a pretreatment to generate carboxylic groups on the

carrier surface. Examples of the method of generating carboxylic groups on the



Formula (I) or General Foliula (2); or with a polymer (e.g., the above-described black polymer)
incorporating a substance which does not emit light by light irradiation or which substance absorbs the
light emitted from the polymer; or to coat such a polymer on the surface of the carrier to attain a
surface which does not emit light upon light irradiation. By using such a carrier which does not emit
light upon light irradiation, the self-fluorescence from the carrier can be reduced during the detection,

and a carrier wWith-whighca HehR/Nerativds: reaultereandeaiidineds Iheldefivitieiithat the carrier is
black, and the method of making the carrier black are the same as in the separator described above.

10[0098] As theishapeiofwhewessat imthexpoalysis dhipat thapresent ipkemtionseone which enables to
cover the immobilization surface of the carrier on which the selective binding substance(s) is(are)
immobilized, plagheneiblediabase abFEPedSHEHRARIOGRASS ﬁ‘%@ﬁ@%@%&@éﬁﬁ@%’amer and the vessel

can be selected. 15[0099], The analysis Chlp of thg 16% esent i vent| lses a ;ft)ace footled by
the carrier and iy aLEEF i Spatd ﬁ&%}rﬂg e'5p Pﬁ‘?’gy‘lﬁg%o ff?a'ﬂ ?53? ihed spaces.

Ihe plural partioned spaceR can B RIpYded2 Bt SEciuGs s e Agalis ohip as

shown’in, for Exam . Tn this iment, spaces 6 do not communicate each other. By

providing a plalitof M%ﬁﬂ@&ﬁ%ﬁﬁﬁyﬁ%ﬁ%ﬁe@ bt afd¥Re 0t deisubstanatgrsolution can be
applied to one analysis chip, so that a plurality of types of test substance can be measured

simultaneousiyayitki @nerchipufo 100], 208 hecvbssdlir:thelsinaly 3 €hgsof thépidsenttinvention may be
provided with 38 a usual injection molding. Further, the reverse tapered structure as in the analysis
chip shown inifigh@isan be produced by a known method such as two-color molding. [0101] The
vessel in the anal SIS chip of the present invention may be removably adhered to the carrier or
unremovably '@8R_ted to the carrier. In cases where the vessel is removably adhered to the carrier,
after th hybridizati reac tlon with the test substanc c sassembled and
the véssel may be rg Cm&%\é‘%‘fﬁﬁg r%U%en(s} ity czgln geerﬁeeggu\rfgintg}dpngttln %g %:g'nler alone.

[0102] immobilized has an irregular structure can be prepared by injection molding or hot
embossing if the polymer containing the structural unit represented by General
Formula (1) or General Formula (2) is used, a carrier having a precise irregular shape
can be easily produced in a large scale. Especially, since injection molding enables

15 large scale production, it can preferably be employed.
[0057]

In the measurement of a test substance using the analysis chip of the present
invention, usually, a fluorescently labeled test substance and the selective binding
substance immobilized on the carrier are subjected to hybridization reaction, and

20 thereafier, the fluorescence intensity is measured by a scanner apparatus.  Here, the
scanner diaphragms the laser light which is the excitation light with an objective lens,
and condenses the laser light. However, if sel{~fluorescence is generated from the
carrier surface, the emission serves as a noise and detection aceuracy may be reduced.
Therefore, it is important to use a carrier which emits no or reduced sel{-fluorescence

25 upon light irradiation. To decrease the self-fluorescence from the carrier itself,
similar to the case of separator mentioned above, it is preferred to constitute the

carrier with a polymer comprising the structural unit represented by the General



10The material of the vessel constituting the analysis chip of the present invention is not restricted,
and preferred examples of the materials to be used.include glass and plastics as well as combinations
thereof. From the viewpoint that structures such as’#hrough holes and liquid surface-halting chamber
can be easily prepared, polymers such as polystyrene, polyinethyl methacrylate and polycarbonate
15may preferably be employed. [0103] To make it possible to observe the state of the solution
when the testsuhstanceosalutionlis applied 2 asstheimatesiahafithegvehselbevtrarspédsent material is
preferred. In the analysis chips with which the signals are read by the scanner 20without removing the
vessel from thiacnpdysisechipsthepontion sftienve sdakthdogghavhieh Hdtightiptisses should he
constituted by a sufficiently transparent material. Further, if self-fluorescence is generated from the
vessel, the séTraiiaiencerdadervbeansaahsmss e Sksd PSP RsE: it 88tection
accuracy. [0104 ZSI&cases theret e deg ction is c%rg&d.out without emo Oigg the v§§sel from the

analysis chip 3t WIS IRE TG Rt tRFSGGAThE Vealet 16 dsere

f %)qﬁn
rough-the vessel, ecrease the self-fluorescence from

the vessel sl SR 56,01 SSRAGRIRY Qe Gl A MERIORRY AbaRc s preferred o

constitute the vess a polymer comprising the structural unit represented by the General Formula

(I') or General FiRimulRa(r ahwitapehwende MonthB.abover destribedolackpiplymer) incorporating a
substance which does not emit light by light irradiation or which substance absorbs the light emitted
from the polydees;idsioacdatsuchravblyhaharhibk SO¥faderdf theubarrismtbeattaimed surféice which does
not emit light upon light irradiation. By using such a vessel, e.g., a black vessel, which does not emit
light upon ligieiiratiaridet the wetisniskiadered themef dedserking e redtieelarkatg the detection.
The definition that the vessel is bla% an%épe method of making the vessel black are the same as in
SOthe separaBROFHE 8B RLHSH BIREf0105]  On the other hand, in cases where the
detec£i8n IS CC%S iedh out by irradiating the light through the vessel, it is preferred to form the vessel with
the pdlymer containing the structural unit represented by General Formula (l) or General Formula

As the shape of the vessel in the analysis chip of the present invention, one
which enables to cover the immobilization surface of the carrier on which the
selective binding substance(s) is(are) immobilized, and enables to be adhered such
that it gives a space between the carrier and the vessel can be selected.

15 [0099]

The analysis chip of the present invention comprises a space formed by the
carrier and the vessel. The space may be one space, or may be a plurality of
partitioned spaces. The plural partitioned spaces can be provided by a partitioning
structure as in the analysis chip as shown in, for example, Fig. 11.  In this

20 embodiment, spaces 6 do not communicate each other. By providing a plurality of
partitioned spaces as such, a plurality of types of test substance solution can be
applied to one analysis chip, so that a plurality of types of test substance can be
measured simultaneously with one chip.

{0100}

o
&)

The vessel in the analysis chip of the present invention may be provided with
an irregular structure as, for example, the analysis chip shown in Fig. 6, Fig. 7 or Fig.

8. The vessel having the irregular structure can be prepared by simple cutting or by



15 (2) or with non-fluorescent glass, which does not generate self-fluorescence and is transparent, or
to form the vessel using, in combination, such a m %erial only in the portion through which the light
passes, and a material which does not generate self-fluorescence upon irradiation of light for forming
other portions. [0106] 20The method of preparing the vessel is not restricted, and the portions
constituted by a polymer can be prepared by cutting or by injection molding. From the viewpoint that
large scale peoghuation dstpasslitininjetiothenaldingvmay iprefedadly deremployieda{8iy8iz] 25In the
present invention, "selective binding substance" means a substance which can selectively bind to the
test substanceifirdutiynonihtir&ctiy. Raprakeaddive ketpreghidisachels thvechingimg!diistance
include nucleic acids, 40 proteins, saccharides and other antigenic compounds. [0108] As the
selective bindf?ﬂd}%bstance, especially preferred are nucleic acids. The nucleic acid may be any of

DNA, RNA and PNA, Since a single-strtanded. nucleic acid having a particular base sequence
selectively hybridize hgﬁ’&%}%&% R/v?:tﬁné‘"gl‘cﬁ%l:eg-?tf}gﬁ%% rﬁ%eé%llg\é%}&co%d Ité)r%éeﬁtaryatgﬂhe base

sequence or (0.0 part hereatitis A seleglive Rinding. subsiange: Aefined inhe,aresent invention.

Examples of the protein include antibodies, antigen-binding fragments of antibodies such as Fab

fragments angdek(abi xR fagmenishand vatiousrantigens dsinsend aniibodytioariBantigen-binding
fragment thereof selectively binds to the corresponding antigen, and an antigen selectively binds to the
corresponding:artibedyctirytheathiy $setbutivepindinssebsttmatd As: thes sacotiabide,
polysaccharides are preferred, and various antigen can be exemplified. Further, an antigenic
substance othemthas: prstéhssiand sacenarges WB@%@E@%&%H@%@@&% binding
substance. (0102]

10 The material of the vessel constituting the analysis chip of the present
invention is not restricted, and preferred examples of the materials to be used include
glass and plastics as well as combinations thereof. From the viewpoint that
structures such as through holes and liguid surface-halting chamber can be easily
prepared, polymers such as polystyrene, polymethyl methacrylate and polycarbonate

15 may preferably be employed.

[0103]

To make it possible to observe the state of the solution when the test
substance solution is applied, as the material of the vessel, a transparent material is
preferred. In the analysis chips with which the signals are read by the scanner

20 without removing the vesse! from the analysis chip, the portion of the vessel through
which the light passes should be constituted by a sufficiently transparent material.
Further, if self-fluorescence is generated from the vessel, the self-fluorescence serves
as a noise, which may lead to the decrease in the detection accuracy.

{0104]

25 In cases where the detection is carried out without removing the vessel from

the analysis chip and without passing the light through the vessel, to decrease the

self-fluorescence from the vessel itself, similar to the case of separator or the carrier



15[0109] The selective binding substance used in the present invention may be one commercially
available or one obtained from a live cell or the like, {0110] The selective binding substance used in
the present invention is preferably a 20nucleic acid).'Among the nucleic acids, one having a length of
from 10 bases to 100 bases, called oligonucleic acid, is preferred because it can be easily synthesized
artificially by a synthesizer, and immobilization on the carrier surface is easy because the end of the
nucleic acid imessyrial bbanadifie gwitheahtarminstignouibe IMesiwotltkepfdemgrardfpigsgize of the nucleic
acid is less than 20 bases, the stability of the 25 hybridization is low, one having a size of 20 to 100
bases is preféitetiurBRtEH TSP DT WotrensmidirneialZe 18 perabligBraiR by within the

range from 40 to 100 pases. 41~ The method qf analyzing a test substance(s) according to th
present inven‘fﬂ?ﬂ @Qgﬁ’é‘?ﬁgﬁ%’o%?}%ﬁﬁ i) é%‘%%%@?%?%ﬁr {het&S Egﬁ%% asr}fl(?es%%l)l%ithgthe °
above-descriped AMASIREOIP AEAAING.IA Ihediasant e o daauing I DRariges lo selectively
bind the test su stance(%())wn t%sel’ecffve inding substance(s) on the carrier; and measuring

amourt of the. test-aubsiancaish-Reund 19 dbe: cacHer jhrayehdhe selacivedtinding substance(s).

[0112] In case of the analysis chip, for example, illustrated in Fig. 1 to Fig. 9, the 10solution containing
the test substane (syedmbe/bpplieddnic theispateuvienthglthnosdjhthole 33 Bystogming a plurality of
through holes in the analysis chip, inflow of bubbles can be reduced when applying the solution
containing the'test substahbstsyests thabitie dse reiftyiid o mpradigonirafiation, the seli-
fluorescence from the vessel can be reduced during the detectior.  The definition
that the vessel is black, and the method of making the vessel black are the same as n
10 the separator or the carrier described above.
[0105]
On the other hand, in cases where the detection is carried out by irradiating
the light through the vessel, it is preferred to form the vessel with the polymer
containing the structural unit represented by General Formula (1) or General Formula
15 (2) or with non-fluorescent glass, which does not generate self-fluorescence and 1s
transparent, or to form the vessel using, in combination, such a material only in the
portion through which the light passes, and a material which does not generate self-
fluorescence upon irradiation of light for forming other portions.
(G106}
20 The method of preparing the vessel is not restricted, and the portions
constituted by a polymer can be prepared by cutting or by injection molding.  From
the viewpoint that large scale production is possible, injection molding may

preferably be employed.

[G107]

N
o

In the present invention, "selective binding substance” means a substance
which can selectively bind to the test substance directly or indirectly.

Representative examples of the selective binding substance include nucleic acids,



15In the analysis method of the present invention, the step of moving the particles to stir the solution
containing the test substance(s) may preferably be attained by moving the particles utilizing the gravity
or magnetic force (in case of magnetic beads), or bﬂgpapplying acceleration to the analysis chip by
vibration-shaking or rotation; or combination thereof Among these, the method wherein the particles
20are moved by rotating the analysis chip along the plane parallel or substantially parallel to the

direction of graviiihenverticat piraubsiantialbewrricalplang); thereby moving the particles by gravity
is preferred because it can be easily performed and sufficient effect is obtained. In this case, the

conditions of rotatiopn such as the rotational speed are those described above. Further, as described
above, the method wherein the analysis chip is swung describing the figure of 8 in the plane

perpendicular or substahtiatiegbimpbindios srtsianecd Fsss s Tyr SIS M s #rdtbstantially
horizontal plane) to mqve the particles is referred. 011 The method of stirring a
solution accoﬂ&?ﬁé‘%?ﬁﬁ%aﬁ@% %’ﬁﬁé’ﬁtﬁiﬂ%&rﬁﬁf%@ééﬁ%gn%ﬂ%n?té‘c’%ﬁw%_’iﬁ%ﬂ giglcgjtion containing a
o magmancRRIieh EAd) wilh & pe sl e Dlndna sbsIRI ARSI SuTace
and SSﬁrrlng the solution with ar%cles, wherein the particles are separated from the carrier surface on

which the selggtive. binding substancr(Shisa)Hmmoniiret.ty afrRBEIOl ipasapasator used here
allows passage therethrough of the solution containing the test substance(s) but does not allow

passage therethraugh-af th@ipaiticlessEneadethed of Stirpngasoluticivaccaingles thetpresent
invention may 10be effectively used when the test substance(s) is(are) measured using the above-
described anaiysisichiplsitho PredientinieenibindoEBiements hicapidebesstshnkel solution
according to the present invention, with the analysis chips, for example, shown in Figs. 2, 3, 11 and
12, the particl%%‘ﬁﬁ@é%ﬁﬁafhgJWQ?%WSFEH@%@%%%‘P& 455§ ﬁ?eagévﬁ% atddfftom the carrier

surface on which the selective binding substance(s) is(are) immobilized by the tor 4. With the
en—bm(ﬁ]i}g%.r%&%%l’t { Sreot Feile% gggi gm%)s{g %ﬁe corr%gce)%i];%ﬁ gﬁﬁ’%ﬁ? A

. . ant .
analyélg chips Sk € parficle oves on the sur e vessel 1 below the

separator 4, 2ol e 0ARIAL M ANG AU RUHBRE A bR pleete hindiag substance(s
is(are) immobilized by the separator 4. 20[0116]
binding substance". As the saccharide, polysaccharides are preferred, and various
antigen can be exemplified. Further, an antigenic substance other than proteins and
saccharides may be immobilized as the selective binding substance.
15 101091
The selective binding substance used in the present invention may be one
commercially available or one obtained from a live cell or the like.
{0110]
The selective binding substance used in the present invention is preferably a
20 nucleic acid.  Among the nucleic acids, one having a length of from 10 bases to 100
bases, called oligonucleic acid, is preferred because it can be easily synthesized
artificially by a synthesizer, and immobilization on the carrier surface is easy because
the end of the nucleic acid is easy to be modified with an amino group. In view of
the fact that if the size of the nucleic acid is less than 20 bases, the stability of the
25 hybridization is low, one having a size of 20 to 100 bases is preferred.  To retain the
stability of hybridization, the size is especially preferably within the range from 40 to

100 bases.



In the method of stirring a solution according to the present invention, as the separator which
separates the carrier surface on which the selectivghbinding substance(s) ;s(are) immobilized and the
particles, a structure in the form of a sheet or plate having openings with a size through which the
stirrers cannot pass through 25 can be used, which is described above in the description of the modes
of the analysis chip of the present invention. Preferably, a lattice-like structure having rectangular
openings canheliised, and lattice-like mesh is more preferred, and plastic mesh is 43 especially
preferred. [0117] In the method of stirring a solution according to the present invention, moving the
particles may preferabypetlstaéansitanermsaht vepeitoIacotlizme the §FatA) or magnetic force (in
case of magnetic beads), or by applying acceleration to the analysis chip by vibration-shaking or
rotation, or coRETHALbE ﬂw@?é%‘?@&ﬂ’fﬁ%%ﬂ%gé? fﬁeé’ﬁ?itﬁ%%%%ﬁﬁetﬁg Sg%t e

cles are moved by rotating

the analysis b, ion e, plans.pralel et subsiantalivRaipliehia hediedigngl egavity (the vertica

or substantially vertical plane), thereby moving the particles by gravity; and the method 10wherein the

analysis chip jg;swilg.deseifing theifigurespt&inthe planenemeandieulanatsubstantially
perpendicular to the direction of gravity to move the particles are preferred. The conditions for moving

the particles aisthacameas:thoseddesetibedsabayeniofa8hifinttsesphasenrtinyventiahiexamples of
the test substance includes, but are not limited to, nucleic acids to be measured such as genes of
pathogenic bakteriarznthvingedecalsaivd yehes ohhiersditary diseases and parts thereof, various
biological components having antigenecity, and antibodies against pathogenic bacteria, viruses and
the like. 20[01 @}2} In the present vention, examples of the solutions containing these test

substances include, but are pot limited. to, body fluids such as,bload, serum a.urine, feces
. es inciude, Ot . TR SO AR 0 n.S}ex.ltPD?rSf‘.“@ﬂ%é ! !
spinal fluid, saliva ar#3 %/%Sﬁéﬁsg ?s%%aﬁe%ﬁﬁl %ipvgﬁloﬁéa?ésgé@ﬁ‘é drin 15, and difutions thereof. 25[0120]
10 solution containing the test substance(s) can be applied into the space via the through
hole 3. By forming a plurality of through holes in the analysis chip, inflow of
bubbles can be reduced when applying the solution containing the test substance(s),

so that the operability is promoted.

[0113]

[
n

In the analysis method of the present invention, the step of moving the
particles to stir the solution containing the test substance(s) may preferably be
attained by moving the particles utilizing the gravity or magnetic force (in case of
magnetic beads), or by applying acceleration to the analysis chip by vibration-shaking
or rotation, or combination thereof. Among these, the method wherein the particles
20 are moved by rotating the analysis chip along the plane parallel or substantially
parallel to the direction of gravity (the vertical or substantially vertical plane), thereby
moving the particles by gravity is preferred because it can be easily performed and
sufficient effect is obtained. In this case, the conditions of rotation such as the

rotational speed are those described above,  Further, as described above, the method

2]
83

wherein the analysis chip is swung describing the figure of 8 in the plane
perpendicular or substantially perpendicular to the direction of gravity (horizontal or

substantially horizontal plane) to move the particles is also preferred.



44 one obtained by amplifying the nucleic acid by a nucleic acid-amplification method such as PCR
using the nucleic acid as a template. In case of using one amplified by a nucleic acid-amplification
method such as PCR using the nucleic acid as a témplate, the measurement sensitivity can be largely
promoted. In cases where an amplified 5nucleic acid is used as the test substance, by carrying out the
amplification in the presence of a nucleotide triphosphate labeled with a fluorescence substance, the
amplified nucjgiq &cid can be labeled. In cases where the test substance is an antigen or an antibody,
the antigen or the antibody which is a test substance may be directly labeled by a conventional
method. A method ihersisthatief biirding:thd didantigendantittedyswhichisattesisubstance with the
selective binding substance, the carrier is washed, a labeled antibody or antigen which undergoes
antigen-antibowyhahetiomisite thentastigerhersahtisodypisaattadicans BEnsps) BAUA to the carrier is
measured, may also be carried out. [01211 15The step of bringing the selective hinding substance on
the carrier int@%ﬁﬁﬁh@ﬁ@%iW%ﬁ@&@ﬁ@%ﬁ@@@&ﬂ@ﬂﬂ?&?&&ﬁﬁ? 86 ASHIEBRELRERBihding the test

substanpce with. the selective.binding supbstanc ghé/.br'gizatigq reaction}g can (PF cartr}il%d out in the same
E . %HHH}% the solutlo Wliﬁga ]TL‘ eS8, Wi Hi{ Er:TPa IL%SS are sgparalcd IoIr .
manner as in‘the cenventional me . The'reaction temperature and'time are appropriately selected

depending on.fhesize ol the, welaiciacisite e 2ARNREdESE: e JyRe.Q) e aVigsmapdior antibody

involved in the immunoreaction and so on and, in case of hybridization of a nucleic acid, the reaction is

usually carrieg-git:a3abau-3pEatard0GJOhdraninyie: tentenpantksakaragho0rs: andiinicase of
immunoreaction, the reaction is usually carried out at room temperature to about 40C for 1 minute to

several hoursc@B{1ia2 the teFsehsieasusemerdpos the dimsuprssighérstsabgharicddound to the

carrier through the selective binding substance can be carried out in accordance with a 45
particles. The method of stirring a solution according to the present invention may

10 be effectively used when the test substance(s) is(are) measured using the above-
described analysis chip of the present invention.
[0115]
In the method of stirring a solution according to the present invention, with
the analysis chips, for example, shown in Figs. 2, 3. 11 and 12, the particles 5 move
15 in the upper portion of the separator 4, and are separated from the carrier surface on
which the selective binding substance(s) is{are) immobilized by the separator 4.
With the anatysis chips shown in Figs. 5 to 9, the particles 5 moves on the surface of
the vessel 1 below the separator 4, and are separated from the carrier surface on
which the selective binding substance(s) is(are) immobilized by the separator 4.
20 [0116]

In the method of stirring a solution according to the present invention, as the
separator which separates the carrier surface on which the selective binding
substance(s) is(are) immobilized and the particles, a structure in the form of a sheet
or plate having openings with a size through which the stirrers cannot pass through

25 can be used, which is described above in the description of the modes of the analysis
chip of the present invention. Preferably, a lattice-like structure having rectangular

openings can be used, and lattice-like mesh is more preferred, and plastic mesh is



conventional method. For example, it may be attained by a method wherein the analysis chip or the
carrier from which the vessel is removed, after the selective binding between the test substance and
the selective binding substance, is set in an apparé%us such as an existing scanner, and the signal
intensity such as fluorescence is 5Smeasured. EXAMPLES [0123] The present invention will now
be described in more detail by way of the following Examples. However, the present invention is not
limited to thedgllewingpkfxamples. [0124] Example 1 (Preparation of DNA-immobilized Carrier)
Using the known 'AGA (Lithographie Galvanoformung Abformung) process, 15a mold for injection
molding was jiididred, and a carrier made of polymethyt methacrylate (PMMA) as the carrier 2 shown
in Fig. 16 was obtained. The average molecular weight of the PMMA used in this Example was

50,000, and the PMmfe SHidipda BB BIEIK B E50T S BroGUEE @5y R FSTBIBHIEHEMICAL) in an
amount of 1 wt%, so that the carrier was black. The spectral reflectance and.the 20spectral
transmission Bf ﬁ’ﬂg‘ﬁiﬁéWﬁlﬁfgfﬂ@g%e%‘%?gd@kgygn}ggﬁﬁ %ﬁeepsa%el% Fa n}g%%%éfgge was not more
than 5% at any,wRyelengindn hesihie o ianas tyaelenaingf ARR D JoBRGIiANd the
transmilssion Was not more than 6.500 at wavelengths in the same range. None of the spectral

reflectance apg sResuRl ransiissiandiaganarticuaERedrabpaiiemdsuehdas.a paakhin the visible
light 25range, and the spectrum was uniformly flat. As the spectral reflectance the spectral reflectance

taking the reguige refleetiontightdreimithepeaities wasnmeasbyedtbyrartlappaiasisd@MR002 produced
by MINOLTA CAMERA) carrying an illumination-

the plane parallel or substantially parallel to the direction of gravity (the vertical or

substantially vertical plane), thereby moving the particies by gravity; and the method

10 wherein the analysis chip is swung describing the figure of 8 in the plane
perpendicular or substantially perpendicular to the direction of gravity to move the
particles are preferred.  The conditions for moving the particles are the same as
those described above.

[0118]

15 In the present invention, examples of the test substance includes, but are not
limited to, nucleic acids to be measured such as genes of pathogenic bacteria and
viruses, causative genes of hereditary diseases and parts thereof, various biological
components having antigenecity, and antibodies against pathogenic bacteria, viruses
and the ke,

20 [0119]

In the present invention, examples of the solutions containing these test
substances include, but are not limited to, body {luids such as blood, serum, plasma,
urine, feces, spinal fluid, saliva and various tissue fluids, various foods and drinks,
and dilutions thereof.

25 f0120]

The nucleic acid employed as the test substance may be a nucleic acid

exiracted from blood or a cefl by a conventional method, which is labeled, or may be



46 light receiving optical system in accordance with Condition C of JIS Z 8722. [0125] As for the
shape of the carrier, the size was 76 mm long, 26 mm across and 1 mm thick, and the surface was flat
except for the central portion thereof. In the 5centetof the carrier, a recess sizing 13 mm square and
0.15 mm deep was formed, and 256 (16 x 16) protrusions 7 having a diameter of 0.15 mm and a
height of 0.15 mm, of which surface a selective binding substance was to be bound. The difference

between the hrigigahte.yRRpeIRHHaceokibe prkuBionsiiRidie dsegmiptidontion (rear value of the
height of the 256 protrusions) and the height of the flat 10portion was measured, which was not more

than 3 m ThesdisperBOR irihgitlktafdke uppessudacisof the 256 pfowagions {thelidiffehence between
the largest height of the upper surface of a protrusion and the smallest height of the upper surface of a
protrusion), andutelertedenop! featioameibod saphval DE BriRe htig AUeFIREip B ALERREES of the

protrusions and the height of the upper surface of the flat _o(gio were measured. A?far sult, both of
them were ndPFTBFESHER S G ER8] HRFUb AL SR bPTER NE? casespa b Ve aEsibed PM:MA

carrier as Imiugtsed i aguepys (O S ke de saluion at 10 ALARoug: The carer was

then washed sequenti pure water, aquéo Cl solution and pure water to generate

carboxylic grapps.en the, Gariss i iR [pAALliabe dD& BNAIRAREs S Ritepdaminated) having a

base sequence shown in SE,Q ID NO: | was synthesized. The 5'-end of this DNA was aminated.
25[0128] 47 amplified nucleic acid can be labeled.  In cases where the test substance is an

antigen or an antibody, the antigen or the antibody which is a test substance may be
directly iabeled by a conventional method. A method wherein, after binding the

10 antigen or antibody which is a test substance with the selective binding substance, the
carrier is washed. a labeled antibody or antigen which undergoes antigen-antibody
reaction with the antigen or antibody is reacted, and the label bound to the carrier is
measured, may also be carried out.

(0121}

15 The step of bringing the selective binding substance on the carrier into contact
with the test substance to allow interaction so as to selectively binding the test
substance with the selective binding substance (hybridization reaction) can be carrted
out in the same manner as in the conventional method. The reaction temperature
and time are appropriately selected depending on the size of the nucleic acid to be

20 hybridized, the type of the antigen and/or antibody involved in the immunoreaction
and so on and. in case of hyvbridization of a nucleic acid, the reaction is usually
carried out at about 35°C to 70°C for 1 minute to ten and several hours, and in case of
immunoreaction, the reaction is usually carried out at room temperature to about
40°C for 1 minute to several hours.

25 [0122]

The measurement of the amount of the test substance bound to the carrier

through the selective binding substance can be carried out in accordance with a



10-fold diluted with PBS (8 g of NaCL. 2.9 g of Na2HPO4.12H20, 0.2 g of KCl and 0.2 g of KI-12P0O4
were dissolved in pure water and then pure water was added to 1L, to which hydrochloric acid for
adjusting pH was added, p115.5) to attain a final cBRcentration of probe DNA to 0.03 nmoUttL, to
which 1-ethy1-3-(3- 5dimethylaminopropyt)carbodiimide (F,DC) was added to a final concentration of
50 mg/mL in order to condense the carboxylic acid on the carrier surface with the amino group at the

end of the prehgvdieMmixgsispiutignwasspoitedan all aiihesppersuriagesefdheiabove-described
protrusions on which the carboxylic groups were generated using an arrayer (Gene Stamp-Il produced

by NIPPON LASE®R:&HE ELRECERONICS WAB) (hhenstie isamierwdsifitachd inlecBealed plastic vessel
and incubated under conditions of 37C. 100% humidity for about 20 hours. Finally, the carrier was

washed with pinéingaieivegee ryifigstraricaddbespiacsin RfeRE THIS EISELBPECHehe is shown in

Fig. 20. [0129] 1 5(Separator) As the separator outer frame 11, a stajnless steel plate having a
thickness of GEPRAAVESHBHREFIFIHE §ﬁﬁi5’§%ﬁ8€vﬂ'?rf’lg@?pi?§ﬁ6’fl%ﬂl Qﬁél)@%ﬁ?ﬁg%ceeﬁﬁesh cloth

(SEMI'EEC; oEeningeC?TSO um, wire diameter 103 um) cut to 20 mm square as the separator member 12

was fixed to t g%%parator outer frame 11 with PDMS 20polymer (DOW CORNING TORAY) to provide

the separatorgshown i Fig. 13(c). This separator was adhered to the carrier with the
above-described PDMS polymer. The adhesion conditions were 42C for 2 hours. [0130] (Vessel_ for
Retaining Liquidp2|5The vessel 1 having 4 through holes 3 shown in Fig. 16 was prepared by injection
molding. The depth I-12 of the recesses was 1.8 mm. After sonically washing the vessel immersing the
vessel in a cleaning Beeptegorsducadiby GLUEAN bglescribed in more detail by way of the

following Examples. However, the present invention is not limited to the following
10 Examples.
[0124]
Example |
(Preparation of DNA-immobilized Carrier)
Using the known LIGA (Lithographie Galvanoformung Abformung) process,
i5 a mold for injection molding was prepared, and a carrier made of polymethyl
methacrylate (PMMA) as the carrier 2 shown in Fig. 16 was obtained. The average
molecular weight of the PMMA used in this Example was 50,000, and the PMMA
contained carbon black (#3050B produced by MITSUBISHI CHEMICAL) in an
amount of 1 wt%, so that the carrier was black. The spectral reflectance and the
24 spectral transmission of this black carrier were measured.  As a result, the spectral
reflectance was not more than 5% at any wavelength in the visible light range
(wavelength of 400 nm to 800 nm), and the transmission was not more than 0.5% at
wavelengths in the same range. None of the spectral reflectance and spectral
transmission had a particular spectral pattern (such as a peak) in the visible light
25 range, and the spectrum was uniformly flat.  As the spectral reflectance, the spectral
reflectance taking the regular reflection light from the carrier was measured by an

apparatus (CM-2002 produced by MINOLTA CAMERA) carrying an illumination-



ACE (ASONE Catalogue, produce number:4-078-0 ). 25-fold diluted solution) for 5 minutes, the vessel
was well rinsed with reverse osmosis water (RO water) and dried by air blowing. [0131] 5(Assemblage
of Chip) The separator was placed such that it covered the recesses in the center of the carrier on
which the probe DNA was immobilized, and the washed vessel | was arranged to cover the separator,
followed by adhering the carrier 2 and the vessel 1 with PDMS polymer (Fig. 16). The adhesion
conditions weiehd 2Ceioi botics! 4Bf0482] {Rrepanatioritof(Rardicles and BBalilgy2. Commercially
available zirconia particles (produced by TORAY INDUSTREIS, INC.) having a surface roughness of
20 run and an®dvélage particle size of 500 urn were polished in water using a silicon carbide abrasive

(particle size 15#20) by a cyclone ba{,rrel prolishin%m.aghine ril h1?ur, h?ndé(g}tor% Watcfg and dried.
The surface roughnéss B AR S Bt et PSS Had Tos T TRR e AL lREHER 8f the surface

roughness of {he RANICIES Was GALIed QUK YR AR strfage DYy vagywp deposition, and

e o ALY
then measurlnd'r%he surface roughness Ra (nm) by a scanning electron microscope (produced by

ELIONIX, type ESA2000).Tbe 20sudace roudhnessivas measurechat anphserition magnification
x10,000 and setting the cut-off value to 0, and the mean value of the results for arbitrary 10 particles

was calculateghdlits pasticles size eidhapaiticles wdnmeaasofdd Iyntaking! phetabraphisi 6f the images
of arbitrary 100 or more particles observed with a stereoscopic microscope at a magnification of x50 to
x150, and theinwircfevdueliaidtaticrietsig 2iwire Bitdiied bRele adgerocddsing analysis software
(produced by MITANI COMPORATION, Win Roof), followed by calculating the mean value thereof to
obtain the avetAtecpestieieerse e Ra el Yh EPAFHUBECH Sid TmPRRYSSIPTR Shiad EiRMAbI solution and
ultrasonic cleaning was carried out for,5.minutes. same washing wa .another twice. An
appropriate aﬁ%ﬂﬁ? f% B%rlﬁcc glsﬁ\i/\e/a}\lg l%g%ﬁﬁ }f-rgl]e - %)é{%ues %S?% ?ﬁg %si\{é}p%égr%t&?r%fﬁgﬁ t % through hole 3

in the vessel 1, Ihe, %Pa@r&@aif&fefw_gﬁ washe.amount wilhwhich abeut thehalfefdhe, ppper surface
ele

of the“separator 4 was completely buried, which amount had been known to be sufficient.
the upper surfaces of the 256 protrusions (the difference between the largest height of

the upper surface of a protrusion and the smallest height of the upper surface of a
protrusion), and the difference between the mean value of the height of the upper

surfaces of the protrusions and the height of the upper surface of the flat portion were

o
n

measured.  As a result, both of them were not more than 3 pm.
101261
(Immobilization of Probe DNA)

The above-described PMMA carrier was immersed in agueous 10N sodium
hydroxide solution at 70°C for 12 hours. The carrier was then washed sequentially
20 with pure water, aqueous 0.1N HCI solution and pure water to generate carboxylic

groups on the carrier surface.
[0127]
The DNA (60 bases, 5-end aminated) baving a base sequence shown in SEQ
ID NO: | was synthesized. The 5-end of this DINA was aminated.
25 [0128]
This DNA was dissolved in pure water to a concentration of 0.3 nmol/pL. to

obtain a stock solution.  When spotting the solution on the carrier, the solution was



[0133] (Preparation of Test Substance DNA) As a test substance DNA, a DNA (968 bases) having the
base sequence Oshown in SEQ ID NO: 4 which was able to hybridize with the above-described probe
DNA immobilized on the DNA-immobilizing carrier fas used. The preparation method thereof is now
described. [0134] The DNA having the base sequence shown in SEQ ID NO: 2 and the DNA
15having the base sequence shown in SEQ ID NO: 3 were synthesized. These were dissolved in pure
water to a congeptpdionQf JRQ HrenpICH3IRlasmid PNAGLAKARABIO) (the DNEChauihg the base
sequence shown in SEQ ID NO: 5. 2264 bases) was provided. Using this as a template and the DNAs
having the basé sedidhnddd,showdinGE DpNG v&iendrS E@1DUOYBerevpastilasyo s primers,
20amplification was performed by PCR (Polyrnerase Chain Reaction). [0135] The conditions of
PCR were asifonbieh. mdeaqblopisieeile R adj iatrg it m&aéﬁs%fféﬁ?sgé {ﬂagﬁﬂ’l\?ﬁg“?&lix (produced by

TAKARA B10). 2 tit of solution of the DNA having the base sequence shown in SEQ ID NO: 2,2 uL of
solution of 253AEFEIRIARLSR e@é@%%ﬁe’ﬁ%@% 1‘§%£ ?%Wg":%f and 0.2 tit of template (the
DNA having the base sequence,sh in.S ; re.mi added
theretogto a to%%?‘\a/opu ?nné]Io%pﬂ.))%ytl?fd%%f%ﬁ%@%ﬁ%ﬁ%ﬁ%ﬁ%%iﬁgﬁﬁﬁﬁﬁ z;%r?d@E’CR was

performed usinga theiinakeyslaindhepeoustwasipuriieshhiethanelsprecipiatiothangdissolved in 40
uL of pure water. An aliquot of the solution after the PCR was sampled and subjected to

electrophoresisc#saa ieseit] tienepgtheof threaniplifiediDiA wassaboeut 66@Ibases; seothat it was
confirmed surfaces of the above-described protrusions on which the carboxylic groups were
generated using an arrayer (Gene Stamp-II produced by NIPPON LASER &

10 ELECTRONICS LAB). Then the carrier was placed in a sealed plastic vessel and
incubated under conditions of 37°C. 100% humidity for about 20 hours. Finally,
the carrier was washed with pure water, and centrifuged and dried by a spin dryer.
This reaction scheme is shown in Fig. 20.

10129]

15 (Separator)

As the separator outer frame 11, a stainless steel plate having a thickness of
(.2 mm was worked to the shape shown in Fig. 13(a), and a polypropylene mesh
cloth (SEMITEC; opening 250 um, wire diameter 103 pmj) cut io 20 mm squate as
the separator member 12 was fixed to the separator outer frame 11 with PDMS

20 polymer (DOW CORNING TORAY) to provide the separator 4 shown in Fig. 13(c).
This separator was adhered to the carrier with the above-described PDMS polymer.
The adhesion conditions were 42°C for 2 hours.

[0130]
(Vessel for Retaining Liquid)

25 The vessel 1 having 4 through holes 3 shown in Fig. 16 was prepared by
injection molding. The depth H2 of the recesses was 1.8 mm.  After sonically

washing the vessel immersing the vessel in a cleaning agent (produced by CLEAN



5that the DNA (968 bases) having the base sequence shown in SEQ ID NO: 4 was amplified. [0136]
Then a random primer (produced by TAKARA B10) having a size of 9 bases was dissolved to a
concentration of 6 mg/ml. and 2 ut thereof was add8t to the 10 above-described solution of DNA
purified after PCR. This solution was heated to 100C and then quickly cooled on ice. To the resultant, 5
tit of a buffer attached to Klenow Fragment (produced by TAKARA B10) and 2.5 uL of a dNTP mixture
(the concentrafom @f RawiE ofgAJdRe dfrb Ruan eh GbERMES 5N faitl thetedseeniatitnr 6f dCTP was
400 mM). Further, 2 uL of Cy3-dCTP (produced by GE HEALTH 15CARE BIOSCIENCES) was added.
To this solutioninL@s ofhk lersest weagral ninarak vaitil ed caredbtireomixtiaterwAs inetishted 8tis¥C for 20
hours to obtain a test substance DNA labeled with Cy3. Since a random primer was used in the
labeling, the $i¥@bPtRE #ast substance DNA was dispersed. The longest test substance DNA had the
base sequenﬁ}g 8 bases) shown in SEQ ID NO: 4. The solution of the test 20substance DNA was
sampled and j% ted to electrophoresis. As a result, the band having the highest intensity appeared
at the %ositio orre%%g%dé'?%ﬁqﬁ?m bases. and slight smear was observed at the regions

correspondin tgs%hné ase length shorter than this. This was purified by ethanol precipitation and dried.

[0137] 25This labelegifest subsianse PNA Was dissolveddred 08k pde@fds WithBS Adbovine serum
albumin). 5 x SSC (5 x SSC means 20 x SSC (produced by SIGMA) 4-fold diluted with pure water.

Similarly, the sattitiomobhathebely @4dNdilutingnbloPdix-8S@ vt pusbavatessid Hesignated as 10 x
SSC, and the solution obtained by 100-fold diluting 20 x SSC with pure water is designated as 0.2 x
SSC), 0.1 wt WrSme(Soen ﬂl@dé@%&mféiéwmﬂ?bmdhﬁwgé%éﬁ%ﬁ@%rﬁnéN-!& 15R56f the

concentrations are final concentrations) to abtain a stock solution for hybridizatign. 5[0138
with PDMS polymer (Fig. ])6). The adhesion concﬁtgons Werey%"%l‘z‘or%%m[rs. ]

10 [0132]

{Preparation of Particles and Sealing)
Commercially available zirconia particles (produced by TORAY

INDUSTREIS, INC.) having a surface roughness of 20 nm and an average particle
size of 500 um were polished in water using a silicon carbide abrasive (particle size

15 #20) by a cyclone barrel polishing machine for 1 hour, washed with water and dried.
The surface roughness Ra of the obtained particles was 165 nm.  The measurement
of the surface roughness of the particles was carried out by depositing Au on the
surface by vacuum deposition, and then measuring the surface roughness Ra (nm) by
a scanning electron microscope (produced by ELIONIX, type ESA-2000). The

20 surface roughness was measured at an observation magnification x10,000 and setting
the cut-off value to 0, and the mean value of the results for arbitrary 10 particles was
calculated. The particle size of the particles was measured by taking photographs of
the images of arbitrary 100 or more particles observed with a stereoscopic
microscope at a magnification of x50 to x150, and their circle equivalent diameters

25 were obtained by an image processing analysig software (produced by MITANI
COFRPORATION, Win Roof), followed by calculating the mean value thereof to

obtain the average particle size. Thereafter, the particles were immersed in an



in the following Examples and Comparative Examples, as the test substance DNA solution for
hybridization, a solution prepared by 200-fold dilut the thus obtained stock solution for hybridization
with a solution of 1 wt% BSA, 5 x SSC, 0.01 wt% s mon sperm DNA and 0.1 wt % SDS (all of the
concentrations are final 10concentrations). The concentration of the test substance DNA in this
solution was measured, which was 3 ng/pL. [0139] (Hybridization) Using a micropipette, from the
through hole diianhiesvessel dhdhérthosid bprepasedatesirsigdsiante DNAsehitiohhwasiikjected into the
space (space) 6 enclosed by the vessel 1 and the carrier such that the solution did not overflow from
the through hwhe}ﬁng\mraﬁmmecim@bmttmasﬁm@z@c@é@aﬁmnﬁa%%@mﬁeﬁﬁwejuung bubbles.

Using a silicone tape (ASONE) as a sealing material, the 4 throu h holes 3 wer
hybridization %ﬂ?ﬁ#t&’é Fer s e .%ﬁ%&@%ﬁhﬁé@ﬁ&k WBTG ﬁvﬁeﬁ tacted with a

sheet-shaking base TOKYO RIKA IKAI to |xt ckrﬁ%fngj Ltathgﬁ g%gﬂgg%@m%@t in the

hybridization ARBe eﬁﬂ% |"an‘r5’eg %jl eacho l}?]trapure water was ropp In each of the recesses

located at theyhot %@M& of the parion at which e ARakRisehiRMREIRR$aL After covering the

hybrldlzatlon chamber with a lid and fixing the lid with 6 25fixing screws, the hybridization chamber
was mountedsagpkfbged on a shaker placed in a thermostat chamber (FMS-1000, produced by TOKYO
RIKAKIKAL). The front face of the thermostat chamber was shaded with an aluminum foil, and the
analysis chip Wa33ihcubated at 42C for 16 tours with rotation shaking at 250 rpm. After the incubation,
the analysis chip was taken out of the hybridization chamber, and the vessel | was removed to
disassemble ﬂ{féﬁﬁﬁ@@@%‘i’éﬂﬁs‘wﬂ‘@ﬁtﬁﬁ@l 6‘3 the PDMS polymer (adhesive), the particles 5 and the

separator 4 were removed to Sleave t iarr 9 aned t gswcna}!rﬁclar 2 was wgrsur:led and dried.
[0140] (Measurement§ %Wﬁté{%m}?&%% ﬁﬁf%{ﬁ gr%%ﬁec] BATS WAl e oh S Scanner (GenePix
40008, p roduggd by 4 ég(')\l IB‘%R&JM’E&U@QJ%Q%%Mzéh%ﬁk%%eé&&%@&mt}ﬁ% measured
DNA immobilized on the DNA-immobilizing carrier was used. The preparation
method thereof is now described.
[0134]
The DNA having the base sequence shown in SEQ ID NO: 2 and the DNA
15 having the base sequence shown in SEQ ID NO: 3 were synthesized. These were
dissolved in pure water to a concentration of 100 pM.  Then pKF3 plasmid DNA
(TAKARA BIO) (the DNA having the base sequence shown in SEQ ID NO: 5, 2264
bases) was provided. Using this as a template and the DNAs having the base
sequences shown in SEQ 1D NO: 2 and SEQ ID NO: 3, respectively. as primers,
20 amplification was performed by PCR (Polymerase Chain Reaction).
[0135]
The conditions of PCR were as follows. Thatis, 2 uL of ExTag, 40 uL of
10 x ExBuffer, 32 pL of dNTP Mix (produced by TAKARA BIO), 2 nL. of solution
of the DNA having the base sequence shown in SEQ 1D NO: 2, 2 pL of solution of
25 the DNA having the base sequence shown in SEQ ID NO: 3, and 0.2 uLL of template
{the DNA having the base sequence shown in SEQ ID NG: 5) were mixed, and pure

water was added thereto to a total volume of 400 pl.  The mixture was divided into



10setting the laser output to 33%, the voltage of the photomultiplier to 450, the resolution (pixel size) in
data scanning to 10 im. Based on the thus obtaineg scanned image, 3 items, that is, the fluorescence
intensity (Evaluation A), existence of defects in the gpot (Evaluation B), dispersion among spots were
evaluated as described below. The results are shown in Table 1. A partial cross-sectional view
15schematically showing the analysis chip used in Example is shown in Fig. 21(a). [0141] <Evaluation
A: Fluorescenceibnterisity and PTRelupreeencbusitensitiesnofithe 256 sfcteisbrfaceof protrusions)
on the carrier on which the probe DNA was immobilized were measured, and the 20hybridization
reaction betweeifitiiebteshBiArand thesiprobel B e s viludied Prfehistesdeheédivtensity was the
mean value of the fluorescence intensities of all spots. The, fluorescince intensity of each spot was the

median _of_th@flﬁ"@r%@é‘ﬁ&é‘ﬁ%%f?@o‘?’%ﬂS[ﬂ?%@@d(ﬁﬂéjﬁﬁ@legﬁémﬁ eféc’@ "fiie detettion limit
e o e e S R B BRI I e ReD INenalo 3 R AR 00, 25the

T
fluorescence it evalua 0 be large and sufficient an cated as en the

fluoresgence jniensitsWas st 099 9115900 he uoressrace iignSib: wan swaluates to he low and

indicated as "-", and when the fluorescence intensity was 53 not more than 15,000, the fluorescence
intensity was gygiifated to be insufficient and indicated as [0142] <Evaluation B: Existence of Defects
in Spot > 5In the obtained scanned image, for each of the 256 spots, existence of defects
[0136]
Then a random primer (produced by TAKARA BIO) having a size of 9 bases
was dissolved to a concentration of 6 mg/ml, and 2 plL thereof was added to the
10 above-described solution of DNA purified after PCR.  This solution was heated to
100°C and then quickly cooled onice. To the resultant, 5 ul. of a buffer attached to
Klenow Fragment (produced by TAKARA BIO) and 2.5 ul. of a ANTP mixture (the
concentration of each of dATP, dTTP and dGTP was 2.5mM, and the concentration
of dCTP was 400 uM). Further, 2 pL of Cy3-dCTP (produced by GE HEALTH
15 CARE BIOSCIENCES) was added.  To this solution, 10U of Klenow Fragment was
added, and the mixture was incubated at 37°C for 20 hours to obtain a test substance
DNA labeled with Cy3. Since a random primer was used in the labeling, the size of
the test substance DNA was dispersed.  The longest test substance DNA had the
base sequence (968 bases) shown in SEQ ID NO: 4. The solution of the test
20 substance DNA was sampled and subjected to electrophoresis.  As a result, the band
having the highest intensity appeared at the position corresponding to 960 bases, and

slight smear was observed at the regions corresponding to the base length shorter

than this. This was purified by ethanol precipitation and dried.

[0137]

jaN
8}

This labeled test substance DNA was dissolved in 400 ul of 1 wt% BSA
(bovine serum albumin), 5 x SSC (5 x SSC means 20 x SSC (produced by SIGMA)

4-fold diluted with pure water.  Similarly, the solution obtained by 2-fold diluting



and degree thereof were visually examined to evaluate the influence on the probe DNA-immobilized
surface by the particles which move during the stirring of the hybridization solution. Under the set
scanning resolution, when no defect was detectedh all of the 256 spots, the result was evaluated as
"#-" (no defect), when a 10 defect was detected even in only one spot among the 256 spots and the
area of the defect occupied by the defect in the area of each spot was less than half, the result was

evaluated asJg", ang-whendhe arer of tae defiect-0ocupied byatherdetetitnithdareal dfyeach spot was
not less than half, the result was evaluated as "--". Although when the area occupied by the defect in
one spot is les¥tiisid Haifiitiee fluofescenteriSintensily designinfllented: when /-iswiotdess than half,
the fluorescence intensity value is influenced. '[40143 <Evaluation C; Dispersion among Spots> By

examining thé afspeidion dpdaeviseraioanddificsinsaapBRace 256 38 856t8sthe stirring effect of

the hybridization solution was \ﬁv luated. Th{e I’I\%o_resgtence iqtepsit'%% 011; %he s{%%t iiz% 1){}/)Qlich no defect
was detected IMEVAIGANSHE WPt CONERE WAL R 1 dirdrehcl T the H f

u%rescence Intensity of a
spot fr%m the m%%rg fluorescence intensity was less than 10%, the result was evaluated as (no
spot-to-spot dispersion), and when there was even one spot whose difference in 25fluorescence

intensity was not less, than,18%idh e (esipibwasievalyaied asFxatepetias sRakeispersinmexists).
[0144] 54 As a result of the above-described Evaluations A to C, since the obtained fluorescence

intensity in Ealliiationidowés hradidasioce iso Evaiuatigri€d hy 3pottold gotdigpersibnswas observed
("), it was proved that sufficient hybridization reaction was attained by sufficient stirring. In Evaluation
B, since no deteeinndsicdetebtsanfcalhpithe abe spois(seylipims! provedifabtheréiwas no influence

on the immobilization surface of the probe DNA by th rticles .
0.01 wt% salmon sperm DINA and 0.1 W)’é E/O%B% deﬂll of the concentrations are final

10 concentrations). The concentration of the test substance DNA in this solution was
measured, which was 3 ng/ulL.
[0139]

(Hybridization)
Using a micropipetie, from the through hole 3 in the vessel 1, the thus

15 prepared test substance DNA solution was injected into the space (space) 6 enclosed
by the vessel 1 and the carrier such that the soiution did not overflow from the
through hole 3. At this time, the solution was able to be easily injected without
introducing bubbles. Using a silicone tape (ASONE) as a sealing material, the 4
through holes 3 were sealed. A hybridization chamber (Takara Hybridization

20 chamber (TAKARA BIO) was tightly contacted with a sheet-shaking base (TOKYO
RIKAKIKAT) to fix the chamber, and the analysis chip was set in the hybridization
chamber. At this time, 15 ulL each of ultrapure water was dropped in each of the
recesses located at the both ends of the portion at which the analysis chip was to be
set. After covering the hybridization chamber with a lid and fixing the Iid with 6

25 fixing screws, the hybridization chamber was mounted and fixed on a shaker placed
in a thermostat chamber (FMS-1000, produced by TOKYO RIKAKIKAD. The

front face of the thermostat chamber was shaded with an aluminum foil, and the



[0145] Comparative Example 1 The same experiments and the same measurements and evaluations
were 10carried out as in Example 1 except that the separator 4 was not provided. The results are
shown in Table 1. A partial cross-sectional view scﬁ%matically showing the analysis chip used in
Comparative Example is shown in Fig. 21(b). [0146] In Evaluation A, the fluorescence intensity was
"-", and was about 50% of 15that in Example 1. In Evaluation B, there were many spots in which the

area of the defeeiecenpionnpidesadbandmalf ghihe ares ahBaehanat {ralind hiS i ppasumably
because that since the separator was not provided, the particles contacted the probe

DNA-immobilizhtiothesinfatatiandtoamages terprab e AuiroE el ietiodigitamoyither.spots in which
no defect was detected, §pot-to-spot dispersion was not 20observed ("-]"). [0147’_Com arative
Example 2  amgiiieessniel dwpatiramgicane dHassamdatieasuibiviestémn la&tibisWere carried out

as in Example 1 except that the separator 4 was.not provided, the average 25patrticle size of the
particles Wastéﬁgr%}igg ﬂ@%éaﬁ%peﬁvféf}ﬁﬁﬁa%%%%\? fﬁket SUUREP ?r%ﬁ%% of the vessel 1

g e SRSV S0RGE BFVAADALIS 043 R0l e shown nTele .
[0140]
(Measurements and Evaluations)
The thus treated carrier was set on a scanner (GenePix 40008, produced by
AXON INSTRUMENTS) for DNA chips, the fluorescence intensity was measured
10 setting the laser output to 33%, the voliage of the photomultiplier to 450, the
resolution (pixel size) in data scanning to 10 um. Based on the thus obtained
scanned image, 3 items, that is, the fluorescence intensity (Evaluation A), existence
of defects in the spot (Evaluation B}, dispersion among spots were evaluated as
described below.  The results are shown in Table 1. A partial cross-sectional view
15 schematically showing the analysis chip used in Example is shown in Fig. 21(a).
[0141]
<Evaluation A: Fluorescence Iniensity>
The fluorescence intensities of the 256 spots (surface of protrusions) on the
carrier on which the probe DNA was immobilized were measured, and the
20 hybridization reaction between the test DNA and the probe DNA was evaluated.
The fluorescence intensity was the mean value of the fluorescence intensities of all
spots. The fluorescence intensity of each spot was the median of the fluorescence
intensities of all pixels (the pixe! size was 10 pm). The detection limit (upper limit)
of the scanner was 50,000,  When the fluorescence intensity was 35,000 to 50,000,
25 the fluorescence intensity was evaluated to be large and sufficient and indicated as
"+ when the fluorescence intensity was 35,000 to 15,000, the fluorescence intensity

was evaluated to be low and indicated as "-", and when the fivorescence intensity was



schematically showing the analysis chip used in this Comparative Example is shown in Fig. 21(c).
[0148] In Evaluation A, the fluorescence intensity was "-", and was about 70% of 5that in Example 1.
This is presumably because that since the particle $ize was smaller than in Example . the stirring
force was insufficient. In Evaluation C, spot-to-spot dispersion was not observed ("+"). In Evaluation B,
no defect in the spots was detected ("+"). [0149] 10Example 2 Experiments were carried out when
the carrier wag,aflat-RMNIAs sitienavingRederegal Rorians N RaBicHaihctbe same
experiments and the same measurements and evaluations were carried out using an analysis chip as
in Example liadtepidhat'the carrier 2 shown in Fig. 16 was fiat and did not have protrusions 7 on
15which the selective binding substance was to be immobilized. The location at which the probe was
immobilized W@k#he center of the carrier similar to Example 1 wherein the protrusions were formed,

and the separator and vessel were arranged at the center of the carrier as in Example I. The results
are shown in Tab&8190 Farkixi 17888 Ledhitivhl YieWwSchematically showing the analysis chip used in

this 20Example 2 is shown.in Fig, 21(d). 0150% . In l%:rv ti the fluorescen itnt(%nsity was "+"
as in Example 1. In é‘vta %89%“@} %cl’rqgélegeﬁ[éns}%% lt%)Fs%ag 1@%@%2@%@&&’0%&?\%3 ?ﬁ&%.ei% was proved

that sufficient hbridizatian Lsacion was altaingd Ry syficient stiringy IREyaliation &e25n0 defect
was detected in all of the 256 spots ("+"), it was proved that there was no influence on the
immobilizatiomsutiace.ehihe-probeRNA By faeipadiclesh[0dht]dbing the stirring of the
hybridization solution. Under the set scanning resolution, when no defect was
detected in all of the 256 spots, the result was evatuated as "+" {no defect), when a
10 defect was detected even in only one spot among the 256 spots and the area of the
defect occupied by the defect in the area of each spot was less than half, the resuit
was evaluated as "-", and when the area of the defect occupied by the defect n the

area of each spot was not less than half, the result was evaluated as "--".  Although

when the area occupied by the defect in one spot 1s iess than half, the fluorescence

Y
(8]

intensity is not influenced, when it is not less than half, the fluorescence intensity
value is influenced.
[0143]
<Evaluation C: Dispersion among Spots>
By examining the dispersion of the fluorescence intensities among the 256
20 spots, the stirring effect of the hybridization solution was evaluated. The
fluorescence intensities of the spots in which no defect was detected in Evaluation B
were compared. When the difference in the fluorescence intensity of a spot from
the mean fluorescence intensity was less than 10%, the result was evaluated as "+"
{no spot-to-spot dispersion), and when there was even one spot whose difference
25 fluorescenice intensity was not less than 10%, the result was evaluated as "-" (spot-to-
spot dispersion exists).

[0144]



Example 3 The same experiments and the same measurements and evaluations were carried out
using an analysis chip as in Example 1 except that a flat carrier was used as in Example 2; the surface
in the carrier on which the probe DNA was immobiliZed was faced downward and an analysis chip
covered with a vessel 1 (having no through holes) from the lower side of the carrier, which vessel
retained the solution was used and the particles were moved on the surface of this vessel; the average

particle size of the patticlesuivas changed w50 kvaltail@s p.m; @ndiibatikhetdsptd (1-12 in Fig. 16)
of the vessel 1 retaining the solution was changed from 1.8 mm to 0.23 ram. The results are shown in
Table 1. A pardiabewsscsdotiongy vielvsthamatically Showinbsthecandlysluathip Used snathis Example 3
is shown in Fig. 21(4 [0152] In Evaluation A, the fluorescence inten;ti[%/ was ™ as in Example 1.

This is thouglietPPeIFEEAIRR HRACRFDGEN The phrRieLosise e publisicmid igizaieple 1. 15the

particles were able to freel mo% sin%e _thetcarri.er sur agf qid not %E\ée an {(r)rg%él(%r Structure. In
Evaluation C & Lpo0Es: 8Hors %%,sgi KA BB e d %, BRE I e VATAl0A BSHe Befect in the

Spots was de&%%%%&"ﬁ;'%-HIQ}&%] £pmpacative, Example 3 201hesame expetimepiz and dhe same

measurements and evaluations were carried out using an analysis chip as in Example | except that the

separator washahpIeMdes aneh iatrapiessvas usedias parkixample 2. The results are shown in
Table 1. A partial cross-sectional view schematically showing the analysis chip used in this

Comparative Exddiple 3 is shown in Fig. 21(0. [0154] In Evaluation A, the fluorescence intensity

was "-", and was about 50% of that in Example 2. In Evaluation B many spots in which the area of the
defect 57 océuplasritieEsamalHalf of the area of each spot were detected ("--"). This is thought to
be because that since the separator was not Tgrovided, the particles ¢ ntaéted the §robe

DNA-immobilization SHF ARS8 TERAGEthEpralE BRAUFEIGETS CUdiiBhy T

the spots in which
no defi%ct Wascgr%tg(? toeu 3G _g?a_r%% et Ir’%i}a%%ﬁ&?a@ il %e%%ta(%gts g Qrﬁ;ﬂ)_mvided. The
results are shown in Table 1. A partial cross-sectional view schematically showing
the analysis chip used in Comparative Example is shown in Fig. 21(b}.
[0146]
In Evaluation A, the fluorescence intensity was "-", and was about 50% of
15 that in Example 1. In Evaluation B, there were many spots in which the area of the
defect occupies not less than half of the area of each spot ("--").  This is presumably
because that since the separator was not provided, the particies contacted the probe
DNA-immobilization surface and damaged the probe DNA. In Evaluation C,
among the spots in which no defect was detected, spot-to-spot dispersion was not
20 observed ("+").
[0147]
Comparative Example 2
The same experiments and the same measurements and evaluations were
carried out as in Example 1 except that the separator 4 was not provided, the average
25 particle size of the particles was changed from 500 pum to 197 pm, and that the depth
(H2 in Fig. 16) of the vessel 1 retaining the solution was changed from 1.8 mm to

0.13 mm. The results are shown in Table 1. A partial cross-sectional view



[0155] Comparative Example 4 The same experiments and the same measurements and
evaluations were carried out using an analysis chip as in Example 1 except that the separator was not
10provided; a flat carrier was used as in Example 2D 3he average particle size of the particles was
changed from 500 um to 197 tim; and that the depth (H2 in Fig. 16) of the vessel 1 retaining the
solution was changed from 1.8 mm to 0.13 mm. The results are shown in Table 2. A partial

cross-sectionglpdgwsehemalicallyrbawingitha analysis ehip csegdnihis IGompr afikxample 3 is
shown in Fig. 22(a). 15[0156] In Evaluation A, the fluorescence intensity was "--". In Evaluation B,
many spots innhiel?the area of the defect occupies not less than half of the area of each spot were
detected ci--"). This is thought to be because that since the separator was not provided, the particles
contacted the[ptéBe DNA-immobilization surface and 20damaged the probe DNA. In Evaluation C,

among the spots in which no defect was detected, spot-to-spot dispersion was n%t observed ("+").
[0157] Comparative IXayAbRIS rHelaa T EaserrA NSy e sanfBdidsdhivthénis (&%d evaluations

were 25 carried out using an.analysis chip as in Example 1 except that the separator was not
provided; a fIé?actaiﬁigfgwg%%uls'edag%}‘iﬁsﬁ’ﬁgsr%%]laé%g ﬁe}:gaga?fé%ae%(%ngggﬁce ﬁﬁc?)eng\% ich the probe DNA

was immobilized wasfaced-downyard,an Analysis ChiR.cousiackien8 aassgld-dipring no through

holes) from the lower side of the carrier, which vessel retained the solution was used and the particles
were moved qpdhesppdasreiiis wesseli thecavelage partis/B sike@id® padigles wasechanged from

500 tun to 197

spots was detected ("+").
[0149]

10 Example 2

Experiments were carried out when the carrier was a flat PMMA carrier

having no irregular portions. More particularly, the same experiments and the same
measurements and evaluations were carried out using an analysis chip as in Example
1 except that the carrier 2 shown in Fig. 16 was flat and did not have protrusions 7 on

15 which the selective binding substance was to be immobilized. The location at
which the probe was immobilized was the center of the carrier similar to Example 1
wherein the protrusions were formed, and the separator and vessel were arranged at
the center of the carrier as in Example 1. The results are shown in Table 1. A
partial cross-sectional view schematically showing the analysis chip used in this

20 Example 2 1s shown in Fig. 21(d).
[0150]

In Evaluation A, the fluorescence intensity was "+" as in Exampie 1. In

Evaluation C, since no spot-to-spot dispersion was observed ("), it was proved that
sufficient hybridization reaction was attained by sufficient stirring.  In Evaluation B,

25 no defect was detected in all of the 256 spots ("+"), it was proved that there was no
influence on the immobilization surface of the probe DNA by the particles.

[0151]



urn; and that the depth (H2 in Fig. 16) of the vessel 1 retaining the solution was 5changed from 1.8
nun to 0.13 mm. The results are shown in Table 2. A partial cross-sectional view schematically
showing the analysis chip used in this Comparativé’%xample 5 is shown in Fig. 22(b). [0158] In
Evaluation A, the fluorescence intensity was "-". In Evaluation B, several 10spots in which the area of
the defect occupied less than half of the area of each spot were detected ("-"). This is thought to be
because thatisingg,the separator was not provided, the particles contacted the probe
DNA-immobilization surface and damaged the probe DNA. in Evaluation C, among the spots in which
no defect was detecléd,ssputdopspotedispersibn was nokobserves (' pvaB@iBg] Gomparative
Example 6 The same experiments and the same measurements and evaluyations were carried out
using an anaRECEHp A RERRANENS1E Q@S BreHD Seharafsl At Srvitiet S W5t carrier was

used as in Example 2; the surface in the carrier on whicF. Othe probe DNA was immobilized was
faced downwéid & Eﬁﬁgﬁ/gsﬂ&?\%l%%%&ﬁﬁ/ﬁ?\ﬁée@g&g B E[g‘\?iﬁmbﬁ Dllize

gno hrou\a Sﬁgiglsc}bfrcl)m the lower

side ofthe caien e vesoslrsieed lnesolufioolvarnysarh and e parlcles wetissayed on the
surface of this vessel; the average particle Size of the particles was changed from 500 um to 197 um;

and that the qepthy (H2inikig, &) idhe esseldrelaiping:the solution waso2achangeadsom 1.8 mm to
0.43 mm. The results are shown in Table 2. A partial cross-sectional view schematically showing the
analysis chip aigethénpthis: Comparaiive ExathplanGrs:sifanin indig; ®2(g)erage particle size of
the particles was changed from 300 pm to 197 wm; and that the depth (H2 in Fig. 16)
of the vessel 1 retaining the solution was changed from 1.& mmto 0.23 mm. The
10 results are shown in Table 1. A partial cross-sectional view schematically showing
the analysis chip used in this Example 3 is shown in Fig. 21{e).
[0152]
In Evaluation A, the fluorescence intensity was "+" as in Example 1. Thisis
thought to be because that although the particles size is smaller than in Example 1,
15 the particles were able to freely move since the carrier surface did not have an
irregular structure.  In Bvaluation C, no spot-to-spot dispersion was observed ("+"),
and in Evaluation B, no defect in the spots was detected ("+").
[0153}
Comparative Example 3
20 The same experiments and the same measurements and evaluations were
carried out using an analysis chip as in Example 1 except that the separator was not
provided and a flat carrier was used as in Example 2. The results are shown in
Table 1. A partial cross-sectional view schematically showing the analysis chip

used in this Comparative Example 3 is shown in Fig. 21(f).

]
w

[0154]

1"non

In Fvaluation A, the fluorescence intensity was "-", and was about 50% of

that in Example 2. In Evaluation B, many spots in which the area of the defect



59 [0160] In Evaluation A, the fluorescence intensity was "--". In Evaluation 13, no defect was
detected in the spots ("+"), but in Evaluation C, spﬁgto-spot dispersion was observed C--"). This is
thought to be because that although the particles not contact the probe-immobilizing surface since
a sufficient clearance was provided on the probe DNA-immobilizing surface, the particles size relative
to the reaction space was small, so that the stirring of the solution was insufficient. [0161] Comparative
Example 7 1@t rame: expanimeants shtidhe-sanechepsurernedtscarnd Evdluatiohs were carried out
using an analysis chip as in Example 1 except that the separator was not provided: a flat carrier was
used as in Exbougle ) tdecafiacehini sirecdrissrenaivhivhthetprshedpN Aarstigitobilized was faced
downward, an analysis chip covered with a vessel 1 (having no throu%? holes) from the lower side of

the carrier, wRRERAGESSEE TSRORIAYA tHRReNHGH RS Hiess At HRIse iR B kG ¥ Moved™bn the

surface of this,vessel. The results are shawn in Tabl artial cross-sectional view schematically
showing the iﬁ' & Chip TE8ASH ‘hi?%solr%g‘ér% fv%()@)%%aerér?p?éa %tg %v(%ﬁ;?ﬁ%é%s %\{(d). [0162] 20In

Evaluation A,Cﬁggeﬂé{gﬁe‘%ggg%ggg%ﬁy(waﬁ "+". In Evaluation B, several spots in which the area of the
e

defect occupied'less than half of the area of each spot were detected ("-"). This is thought to be
because that gjin¢ejthe separator was not provided, the particles contacted the probe
DNA-immobilization surface and damaged the probe DNA. In Evaluation C. spot-to-spot dispersion
was not 250bSemvpa{live) o6 Gomparative Example 8

The same experiments and the same measurements and evaluations were
carried out using an analysis chip as in Example 1 except that the separator was not
10 provided; a flat carrier was used as in Example 2: the average particle size of the
particles was changed from 500 um to 197 um; and that the depth (H2 in Fig. 16) of
the vessel 1 retaining the solution was changed from 1.8 mm to 0.13 mm. The
results are shown in Table 2. A partial cross-sectional view schematically showing
the analysis chip used in this Comparative Example 3 is shown in Fig. 22(a).
15 10156]

In Evaluation A, the fluorescence intensity was "--".  In Evaluation B, many
spots in which the area of the defect occupies not less than half of the area of each
spot were detected ("--"}.  This is thought to be because that since the separator was
not provided, the particles contacted the probe DNA-immobilization surface and

20 damaged the probe DNA. In Evaluation C, among the spots in which no defect was
detected, spot-to-spot dispersion was not observed ("+"}.
[0157]
Comparative Example 5

The same experiments and the same measurements and evaluations were

]
ul

carried out using an analysis chip as in Example 1 except that the separator was not
provided: a flat carrier was used as in Example 2; the surface in the carrier on which

the probe DNA was immobilized was faced downward, an analysis chip covered with



60 The same experiments and the same measurements and evaluations were carried out using an
analysis chip as in Example | except that the sepaggtor was not provided; a flat carrier was used as in
Example 2; the surface in the carrier on which the probe DNA was immobilized was faced downward,
an analysis chip covered with 5a vessel 1 (having no through holes) from the lower side of the carrier,
which vessel retained the solution was used and the particles were moved on the surface of this
vessel; and thatthe déptivitklRithFiggil Bplof tHienmebsdbivestaiking thecsoligtionwdisvehithged from 1.8
mm to 3.6 mm. The results are shown in Table 2. A partial cross-sectional view schematically showing

the analysis EHRINSSHIRTHIETOEEYS A I RIR SIS BYSSHBNIR S PRI NG ST dlF In
Evaluation A, the fluorescence intensity was "--". In.Evaluation B, no,.defe dinth t
("+"), but in EXERTLHIR @’F%H@%QS Hig[ggltgFOR% e%igvsaegreg%f’%{zd())??ﬁs? (ISSdN argiu%ehﬁt% %ebelgec:usspeo )
that although the k& icl id_nat itac - lizi rf I fficient
clearance Wa%l%rf;g\%%a?(?ﬁgtﬁ%pg}é%% %?I@&gl r%é §ﬁﬁ%ﬁ%§§%}$§%%@§ %T%%&§§§§ r% IsaltJivleC It(?)nthe

reaction spacg,wassmall 15 thatithe. stirinpg ofithe-salutior-wasWasufiielast [016&ddiable 1]
20[0166] [Table 2] INDUSTRIAL APPLICABILITY [0167] The present invention enables to promote the

reaction efficieney @ndatinining Rbarmghadiensitivenanbdysigiysthehanabgsisachip in which a test
substance(s) and an immobilized selective binding substance(s) are reacted while stirring the test
substance sofitionagasing pastiaks > anshig isirllish 2Redfields of pharmaceuticals and

F0158]

*n

in Evaluation A, the fluorescence infensity was In Evaluation B, several

10 spots in which the area of the defect occupied less than half of the area of each spot
were detected ("-").  This is thought to be because that since the separator was not
provided, the particles contacted the probe DNA-immobilization surface and
damaged the probe DNA.  In Evaluation C, among the spots in which no defect was
detected, spot-to-spot dispersion was not observed ("+").

15 [0159]
Comparative Exampie 6

The same experiments and the same measurements and evaluations were

carried out using an analysis chip as in Example 1 except that the separator was not
vrovided; a flat carrier was used as in Example 2; the surface in the carrier on which

20 the probe DNA was immobilized was faced downward, an analysis chip covered with
a vessel 1 (having no through holes) from the lower side of the carrier, which vessel
retained the solution was used and the particles were moved on the surface of this
vessel; the average particle size of the particles was changed from 500 pm to 197
1m; and that the depth (H2 in Fig. 16) of the vessel | retaining the solution was

25 changed from 1.8 mm to 0.43 mm. The results are shown in Table 2. A partial
cross-sectional view schematically showing the analysis chip used in this

Comparative Example 6 is shown in Fig. 22(c).



61 medicine, foods, environment and the like. DESCRIPTION OF SYMBOLS [0168] 1 vessel 52
carrier 3 through hole 3A liquid surface-halting chamber 4 separator 5 particles 106 space (space) 6A
well structure 7 protrusions immobilizing the selective binding substances on the surface thereof 8
selective binding substance 159 protrusions on the vessel surface 10 sealing member

[0160]
In Evaluation A, the fluorescence intensity was "--". In Evaluation B, no
defect was detected in the spots ("+™), but in Evaluation C, spot-to-spot dispersion

was observed ("--"). This is thought to be because that although the particies did

[

not contact the probe-immobilizing surface since a sufficient clearance was provided
on the probe DNA-immobilizing surface, the particles size relative to the reaction
space was small, so that the stirring of the solution was insufficient.

[0161]

Comparative Example 7

10 The same experiments and the same measurements and evaluations were
carried out using an analysis chip as in Example 1 except that the separator was not
provided: a flat carrier was used as in Example 2; the surface in the carrier on which
the probe DNA was immobilized was faced downward, an analysis chip covered with

a vessel 1 (having no through holes) from the lower side of the carrier, which vessel

[
n

retained the solution was used and the particles were moved on the surface of this

vessel. The results are shown in Table 2. A partial cross-sectional view

schematically showing the analysis chip used in this Comparative Example 7 is

shown in Fig. 22(d}.

[0162]

20 In Evaluation A, the fluorescence intensity was "+".  In Evaluation B,
several spots in which the area of the defect occupied less than half of the area of
each spot were detected ("-").  This is thought to be because that since the separator
was not provided, the particles contacted the probe DNA-immobilization surface and
damaged the probe DNA. In Evaluation C, spot-to-spot dispersion was not

25 observed {"+").

[0163]

Comparative Example §



11 separator outer frame 12 separator member 13 protrusions on carrier surface 2014 flat portion 15
carrier 16 jig 17 spring for abutting microarray to ji 928 objective lens 2519 laser excitation light ?0
DNA R1 immobilization region on which selective %’l ding substances are immobilized Li protrusion
pitch H1 protrusion height H2 depth of recesses in vessel 5[SEQUENCE LISTING]

The same experiments and the same measurements and evaluations were
carried out using an analysis chip aé, in Example 1 except that the separator was not
provided; a flat carrier was used as in Example 2; the surface in the carrier on which
the probe DNA was immobilized was faced downward, an analysis chip covered with

5 a vessel 1 (having no through holes) from the lower side of the carrier, which vessel
retained the solution was used and the particles were moved on the surface of this
vessel; and that the depth (H2 in Fig. 16) of the vessel 1 retaining the solution was
changed from 1.8 mm to 3.6 mm.  The results are shown in Table 2. A partial
cross-sectional view schematically showing the analysis chip used in this

10 Comparative Example 8 is shown in Fig. 22(e).
[0164]

In Evaluation A, the fluorescence intensity was "--".  In Evaluation B, no
defect was detected in the spots ("+"), but in Evaluation C, spot-to-spot dispersion
was observed ("-").  This is thought to be because that although the particles did not

15 contact the probe-immobilizing surface since a sufficient clearance was provided on
the probe DNA-immobilizing surface, the particies size relative to the reaction space
was small, so that the stirring of the solution was insufficient.

[0165]
[Table 1]

20 [0166]

fiable 2}
INDUSTRIAL APPLICABILITY
[0167]

The present invention enables to promote the reaction efficiency and attaining

25 a high sensitive analysis in the analysis chip in which a test substance(s) and an
immobilized selective binding substance(s) are reacted while stirring the test

substance solution using particles, and is useful in the fields of pharmaceuticais and



63 CLAIMS 1. An analysis chip comprising a carrier having a surface on which a selective binding
substance(s) is(are) immobilized; a vessel holding a solution containing a test substance(s) which
react(s) with said selective binding substance(s); a particles for stirring said solution, said
particles being sealed within a space formed between said carrier and said vessel; wherein a
separator which allows passage therethrough of said solution 10 containing said test substance(s) but
does not allow passrge-thrretvoughoh satlhaitieles is arranged in said space so as to separate said
surface of said carrier on which said selective binding substance(s) is(are) immobilized and said
particles. 2. THSaRARBIOtHIP deebidlind.$o claim 1, wherein said separator is a structure in the form of
a sheet or plate having openings. 153.The analysis chip according to claim 1, wherein said separator
is a lattice-likéld@tdkture. 4. The analysis chip according to claim 1, wherein said separator is a mesh.
5. A method of analyzing a test substance(s), said method comprising the steps of: 20contacting said
test substance(s) V\)%/ﬁ§3§ id analysis chip according to any one of claims Ito 4; moving said particles to
selecti\éely bind faigag%%g,substance(s) with said selective binding substance(s) on said carrier; and
measuring amount of said test substance(s) bound to said carrier through said 25selective binding
substance(s). 3 through hole

3A  liquid surface-halting chamber

4 separator

h

particies
10 6 space (space)
6A  well structure
7 protrusions immobilizing the selective binding substances on the surface
thereof
8 selective binding substance
15 G protrusions on the vesse! surface
10 sealing member
11 separator outer frame
12 separator member
13 protrusions on carrier surface
20 14 flat portion
15 carrier
16 jig
17  spring for abutting microarray to jig
18 objective lens
25 19 laser excitation light
20 DNA

R1 immobilization region on which selective binding substances are



6. A method of stitTing a solution, said method comprising contacting the solution containing a test
substance( s) which react(s) with a selective binding 64 substance(s), with the selective binding
substance(s) immobilized on a carrier surface; and-stirring said solution with particles; wherein the
particles are separated from said carrier surface on which said selective binding substance(s) is(are)
immobilized, by a separator which allows passage therethrough of said solution 5containing said test
substance(s)auhapgssot allow passage therethrough of said particles. 7. The method of stirring a
solution, according to claim 6, wherein said separator is a structure in the form of a sheet or plate
having openings.! 8.pftieumethottiof stirring a solution, according to claim 6, wherein said 10separator
is a lattice-like structure. 9. The method of stirring a solution, according to claim 6 wherein said
separator is a nfésh. PESABSTRIEET [Object]The invention provides an analysis chip by which the
efficiency of reaction with a selective binding substance is promoted by using particles having a large
size to promote tte SHfIBALTSFERTHAG e test substance solution without damaging the portion of
the cargier on,whj Y | inding substance is immobilized, by the moving particles when
stirringgthe teé?%u %m%%%%fﬂvith the particles. [Means of Solution] An analysis chip including a
carrier having a surface on which a selective binding substance(s) is(are) immobilized; a vessel
holding a solution



10containing a test substance(s) which react(s) with the selective binding substance(s); and particles
for stirring the solution, the particles being sealed within a space formed between the carrier and the
vessel; wherein a separator which allows passage therethrough of the solution containing the test
substance(s) but does not allow passage therethrough of the particles is arranged in the space so as
to separate the 15surface of the carrier on which the selective binding substance(s) is(are)

immobilized and the particles; a method of analydisilisifg the analysis chip; and a method of stirring a
solution using the analysis chip.
1. An analysis chip comprising:
a carrier having a surface on which a selective binding substance(s) is(are)
immobilized;
5 a vessel holding a sclution containing a test substance(s) which react(s) with
said selective binding substance(s); and
particles for stirring said solution, said particles being sealed within a space
formed between said carrier and said vessel;
wherein a separator which allows passage therethrough of said solution
10 containing said test substance(s) but does not allow passage therethrough of said
particles is arranged in said space so as to separate said surface of said carrier on
which said selective binding substance(s) is(are) immobilized and said particles.
2. The analysis chip according to ciaim 1, wherein said separator is a structure in
the form of a sheet or plate having openings.

,.,

3. The analysis chip according to claim 1, wherein said separator is a lattice-like

fd
(8]

structure.
4, The analysis chip according to claim 1, wherein said separator is a mesh.
5. A method of analyzing a test substance(s), said method comprising the steps
of:
20 contacting said test substance(s) with said analysis chip according to any one
of claims 1 to 4;
moving said particles to selectively bind said test substance(s) with said selective
binding substance(s) on said carrier; and
measuring amount of said test substance(s) bound to said carrier through said
25 selective binding substance(s).
6. A method of stirring a solution, said method comprising contacting the

solution containing a test substance(s) which react(s) with a selective binding



{1

64

substance(s), with the selective binding substance(s) immobilized on a carrier
surface; and stirring said solution with particles; wherein the particles are separated
from said carrier surface on which said selective binding substance(s) is{are)
immobilized. by a separator which allows passage therethrough of said solution
containing said test substance(s) but does not allow passage therethrough of said
particles.

7. The method of stirring a solution, according to claim 6, wherein said
separator is a structure in the form of a sheet or plate having openings.

8. The method of stirring a solution, according to claim 6, wherein said
separator is a lattice-like structure.

g, The method of stirring a solution, according to claim 6, wherein said

separator is a mesh.
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ABSTRACT
[Object} The invention provides an analysis chip by which the efficiency of
reaction with a selective binding substance is promoted by using particles having a
large size to promote the efficiency of stirring of the test substance solution without
damaging the portion of the carrier on which the selective binding substance is
immobilized, by the moving particles when stirring the test substance solution with
the particles.
[Means of Solution] An analysis chip including a carrier having a surface on which
a selective binding substance(s) is(are) immobilized; a vessel holding a solution
containing a test substance(s) which react(s) with the selective binding substance(s);
and particles for stirring the solution, the particles being sealed within a space formed
between the carrier and the vessel; wherein a separator which allows passage
thersthrough of the solution containing the test substance(s) but does not allow
passage therethrough of the particles is arranged in the space so as 1o separate the
surface of the carrier on which the selective binding substance(s) is{are) immobilized
and the particles; a method of analysis using the analysis chip; and a method of

stirring a solution using the analysis chip.



