~ ; CDEFe3e| |} $d 6BT| DESCRI PTI ON Bl QASSAY METHOD, BI OASSAY APPARATUS, AND
Bl CASSAY SUBSTRATE Technical Field 5 The present invention relates to
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Technical Field

5 The present invention relates to biocassay methods,
biocassay apparatuses, and biocassay substrates which are
particularly useful in the bioinformatics (life information

science) field.

10 Background Art
The main conventional techniques which are related to
- the present invention will be described below.
Currently, integrated substrates for biocassays, i.e.,
so-called DNA chips or DNA microarrays, (hereinafter
15 referred to as "DNA chips"), in which selected DNA is
microarrayed by microarray technology, have been used for
the analysis of gene mutations, SNP (single nucleotide
polymorphism) analysis, gene expression frequency analysis,
etc., and have also started to be used extensively for the
20 development of new drugs, clinical diagnosis,
pharmacogenomics, forensic medicine, and other fields.
The DNA chips are characterized in that it is possible
to extensively analyze intermolecular interactions, such as
hybridizations, because various types and a large number of

25 DNA oligomer chains, cDNA (complementary DNA), etc., can be




.- 2 ‘integrated on glass substrates or silicon substrates. One exanpl e of
anal yti cal nethods using DNA chips will be briefly described bel ow That

is, PCR anplification is perfornmed in which nRNA extracted fromcells,

" tissues, etc., 5 is incorporated by reverse transcription-PCR or the |ike
into DNA probes solid-phased on a glass substrate or silicon substrate, and
hybri di zation is perfornmed on the substrate. Fluorescent |ight measurenent
is then carried out with a suitable detector. 10 DNA chips can be
classified into two types. In the fix+st type of chip, oligonucleotides are
synt hesi zed directly on a given substrate using photolithography by
appl yi ng sem conduct or exposure technology. A typical exanple is the one

factured by Affymetrix, Inc., U S A_ 15 (f le, refer to U.S.
patont N e RkS o ST PSSR St U TRES S ogr at i on

d is hi t hesi .he,subsirate has Timtations, .and th
angth i o 11 MECAPOLRoRE. SBFaV A CEAnSonoRRead L e, ot S e of
hi p, ' Js | "1 St A “.. the . chip i
Fabr | ot By b asetng de HO . prhatad AAf g e ek rate
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In thistype o i nt egr ati on degree | ower an’ that of

the 4 or mar itrﬁbféei?cjrtat%ﬁi iy RRSE e il iGPRane @bl kb Ofe DNA

fragnents. Recent Iy, bi osensor technol ogy has been advancing, in

whi ch a iseletived ielRe igtd iHHANGE drS SYldsdPhagad ana 44 nei oedgetion
surface site provided on a thin plate, which is referred to as a bi osensor
chip, sutbsaratelr Ginei myBYiRiZatanch a STipgEedna® of 9 Wuwse £00d ai ning a
target substance is allowed to flow toward the detecting substance, and

t hen t h&luiresaeiton iegttweera surerent SiE T esart St b seuty edi @nds anal yzed
based on the surface plasnon resonance principle, quartz crystal oscillator
pri nci plseaitabliehaldtideeorthi s 10 technol ogy i s becom ng useful for analyzing
i nteractions between substances, such as antibody-antigen reactions and
horh®ne respBNBeships the benvdasisdfdledDNAtohitpot éyipesl.ogynartdhebi osensor
technol ogy, however, interactions between substances, such 15 as

hybri di Zdt6sén tvegc Oforsh ighd dnitgpsislenitidpm araaywdesiged carri ed out by
sol i d- phasi ng (i nmobi | i zi ng) detecting nucl eotide chains, such as DNA
probes, GFETPrlct A& FVEn BIPIIRER Hsid Dot aligthogrartey ikn regi ons of
substrates., Consequent | the interactions are carried out, manly based 20
on the Bﬁ@hﬁ%ﬁ?lﬁ%ﬂ%ﬁﬂﬁeQﬁtqqu?%&%ﬁﬁ?%nF?ﬁQRﬁﬁﬁgyundéFYRﬁc%%cessariIy

| od SSRILA [ AXE (1R S G GO TS T Gherd QO ri v ance may

OCCE dU(rfiorlg e%?nprl%%mrie%sr t'@qj’eé‘ .O rlfa’té[rpce I\f:oo.nVSe,nlf 419 ,%4 )D.NA frrll i @his
type of chip, although the integration degree is high, DNA
synthesis on the substrate has limitations, and the length
is limited to about several tens of bases.

In the second type of chip, which is also referred to
20 as "the Stanford method", the chip is fabricated by

dispensing and solid-phasing prepared DNA on a substrate
using a split taper pin (for example, refer to U.S. Patent
No. 5,807,522). 1In this type of chip, although the
integration degree i1s lower than that of the former type, it

25 is possible to solid-phase about 1 kb of DNA fragments.



25 technol ogy and bi osensor technol ogy have technical problens, - 4
i.e., lowinteraction efficiency and long reaction tinme. Furthernore, in

t he known DNA chips, etc., sanple solutions are only dripped onto

" predeterm ned spot sites (detection regions) on substrates, and no devices
are used 5 to relatively align the target substances contained in the
sanpl e solutions and the detecting substances i mobilized on the spot
sites. Accordingly, it is a principal object of the present invention to
provi de a bioassay nethod, a bioassayizapparatus, 10 and a bi oassay
substrate that can be advantageously used in the bioassay nethod and the
bi oassay apparatus, in which, by controlling the electric field formation
in the reaction region where an interaction between supstances, ,such as a
hybri di zat | oReCeBt E¥y r PRESBOEOT RECHBPELEYNGASURSERNCE VARG TS 1t R t ar get
substance are relatively aligned wth each other, and the structures of the
subst an¥Bdchr @ £6L6STEE EHELHVS FURSANT thie sé?]fli%wc%for{ e

i nteraction. Disclqsure of_ | nvention 20 . rder_t,q overcone the t.echnical
pr obl ent 188s CREEEF 1B PE L 5aF ST s é’ercotwoc?e‘ft?é’ gt estt Efln‘-’l\%eerft I‘,thér% he

foll ow ng "bioass met_hod" ,i.s. provided.. Addj ti,0 ly, ] ent

i nvent i &%, rfaﬁgrtrg%tobiagagsgv.o N dely crqr]el r{sdgnkliéo%%m%é#%n% yséll‘gl ‘ased on
interactians bet st e tS; e i di I Qns cardee | N the
"bi 0 ssg? nét%&§¥3¥&#ﬁﬁ§[§i¥§§1uﬁ%ﬁﬁ;éﬁhﬁgaéggqrétgégééghf%%ﬁa%eﬁa

subst anges a'lio%tce%toegl% & ARLRF Y KB g LS el eed | Noh &l en@mt
including at least a detection surface which is surface-treated for

| mobi | 'tﬂehg_n%eara%%i%qtla&ﬁéwt%eaw@ 998t d e & e Ofbdb£&g PARYT des a
field for interaction between the detecting substance i mmobilized on the

det ect | QR AYARE & AR Brf APLls st ANSEa sl Pl Gh&sdé i srinelpié prning
means which forns an electric field in the reaction region by applying a

pot ent i ajuakd Adidferencedd thadeasiinoni pbg osw @ind 1heemethodsi ncl udes at
| east a step of turning on/off the electric field formation by the electric

field- f aosng Ieansi Aitbecquiadetieset e df ¢+ namal y Theg el eceractfowsd fornmed in
the reaction region nmainly 15 carries out functions (1) to stretch the

det ect i g tsuslest andestantdde surlyads samsikboderasutgensraact bors dendhai ns,

(2) to nove the target substance, which is separated fromthe detecting
subst andwrryack ragapdrggesh. al ong the electric lines of force, and (3) to

adj ust the higher-order structure of a 20 reaction product (conbination of
t he detecti ngnstbst sveyemtdaned Dy &h iR AN OBht 2RI R PFLRFHT
interaction between the detecting substance and the target substapce to a
st ruct urtee Ak Eh iROYeVeBssiBFerast hore %EEH?%PeF?bFEgHC?FUOFEQ ence

emtted fromthe Iluorescentlg_labell dt rge& 25 %ubstance or @
f | ubPes @hthyRHF Lzttt TFRETSPREI #1 a??gl ody-antigen reactlons,

are carried out by solid-phasing (immobilizing) detecting
nucleotide chains, such as DNA probes, and proteins, etc.,
on two-dimensional, small detection regions of substrates.
Consequently, the interactions are carried out mainly based

20 on the Brownian movement of the reaction products under not
necessarily favorable reaction conditions in which freedom
of the reaction products is limited spatially and there is
also a possibility that steric hindrance may occur during
the reactions. Therefore, the conventional DNA chip

25 technology and biosensor technology have technical problems,



- 6 binds to the reaction product. That is, by formng a desired electric
field (by applying a voltage) or not formng an electric field (renoving a
voltage) at a suitable, predetermned timng, 5 functions (1) to (3) can be
~carried out in sequence. Mire specifically, by applying a high frequency,
hi gh voltage, function (1) is carried out to prepare structures which allow
the detecting substance and the target substance to easily react with each
other, for exanple, linear 10 structures (stretched structures) in which
the base sequences of nucleotide chaips_are not folded. Next, by applying a
rectangul ar wave voltage (pul sed direct voltage), nore specifically, by
applying a rectangul ar wave voltage alternately (i.e., +/-), function 15
(2) is carried out so that the target substance which is liberated in the
reacti on-eegi dov $nyegagil sl efdl Aiendik e dAnhg eatsthce i ch i s
i rmobi i zed on the detection surface. Consequently, since reaction
ef fici ency (FeathrsRosEpothulney KNeyn PR §8e®S rr E4E-i 0 F AFHE can be
shortened.. 20 In the detectjon stage, also appl vi ng_a hi gh frequency,
hi gh volBPdgéE 1a8s: IRes It &%%Fé?ﬁcbrﬁntr%r&%fg%?’gﬁf?/%g Y e%“b%? so t hat
t he fluorescence or the like fromthe reactio roduct in the r tion
regi on d&?tﬁ@%%%@%eto&tsé{)gwadt%se’t e%rﬁ?orﬁo rfg% S uTh® a‘%§§§1 opti cal
means. 25 In .order to reliahl arry .out .t ' r ' u a
hybr? di & %62 Hetaee f 11 Meecal Plsui %}?éﬁacrlég%%ﬁ%%g{%?gefﬁsﬁ%%tance, a
reaction region iS,.prefer Y, e t L Ot SFAGH k pl ace
mai nly HE '%N§%%ﬁ§%éﬁ§;éﬁ§1Eég&éégé%kéﬁﬁré?%%%%?g%%es. T £?£%%§e?ﬁin t he
5 prese i i in a series of electric field-formng steps, a period
i n whi c%%één%é%e)&(-:t%%ce%”l eld is not fornmed in the reaction region is
posi ti Vel y Provicdeingiiat its1 SUDSRAURNIHAI ddrederdotia whsdnt he
rect angul ar wave voltlage is on, by providing a period in which the 10
rect angul ffealsh ViOb t 886vi &e Ohf bibh8shit Aeabbidon betiwrersdiheappisdanses can
be accelerated. Herein, in the "bi oassay nethod" of the present invention,
thejpypemdfa detecd iy Subst paee anat t eagebe salisantageanslyotspdr incul arly
limted. Exanples of the 15 "target substances" include substances |abelled
with fl uHessris iy aidietiod agsd atide shbst asapsapparhtbel | éd. witheh) dbyect i ng
substance” is not narrow y defined, and exanpl es of detecting substances
broadl y dorctrstel 1 oy tiné eeldatr sabft@ahdefornaghonoiecthar reapsiances, and
bi ol ogi cal

? region where an interaction between substances, such as a

hybridization, is carried out, the detecting substance and
15 the target substance are relatively aligned with each other,
and the structures of the substances are adjusted, thereby

increasing the efficiency of the interaction.

Disclosure of Invention

20 In order to overcome the technical problems described
above, in one aspect of the present invention, the following
"bioassay method" is provided. Additionally, in the present
invention, the term "biocassay" widely means biochemical
analysis based on interactions between substances, such as

25 hybridizations.



20 substances which are solid-phased on the detection surface directly or
indirectly through |inkers and which specifically interact with the target
substances |l abelled with fluorescent or other tags. The "detection surface"
" nmeans a surface site which is 25 favorably surface-treated so that the ends
of nucleotide _ g _ chains or the |like can be inmmpbilized. For exanple,
when surface treatnent is performed with streptavidin, a detection surface
suitable for inmobilization of biotinylated nucleotide chains is obtained.
5 The nethod of the present inventiangis applicable to all of the
i nteractions between high-nol ecul ar substances, such as protein-protein,
nucl eoti de chai n-nucl eoti de chain (including both DNA- DNA and DNA- RNA),
protei n-nucl eotide chain (including double-stranded), and qther
i nt eract i onsInibhenteiaespaksmeehaeencd hREhPHEPERGI &P VERE<CEncE and a
| ownol ecul ar substance, and interactions bEtme%%%J?§?nthCU| r, substances.
2 de

For exadplteraghdRnt ketHEEE: SURG LerSSande G Ot Hike are

Crml © Ot E16REDR 11 SRoReCEESH Ao ERt NI A {SET (4 6 ency can be

chi b or SERGART e e T SR TR o B R A
e i oo ey Srbntn PSRy & rabsdact R G AR profidyaia lzation
el ectri Cfifei&% ¢ 30 i%gzetr%csttiro%t (‘b@r rgeék?é:tdé\_%&hcﬁfoéﬁ@&%éé” which is

i mmobi | i"Zed "on thé detection surface at the end, (D) adding the target 25

nuct eot i e HId! N dd (L IRAL LA &0 & [d S Sadgdt subsfants)

appl ying a potential di rence 1n the reaction region to relatively nove

the det egld ng, &9t der ichai e s ddhand i gein nete| estmsleaghaelact pithe
reaction region after step (b), and (d) performng hybridization in a state

in whi cheia1 Yol tage deademy etk @fdrerbptap(eing S epstényiad (d) will be
specifically described below. In the present invention, the term
"nugheotdiderehidide’ ifeaite aqedtyimet oégrophosphothe mstkodofnalndekeosi de in
which a purine or pyrimdine base is glycosidically linked 10 . to a sugar.
Exanpl esatoflend entsthp ahiaimsriimoadby/ ot te elégbnic| Ebeldes, incl udi ng
DNA probes, polynucleotides, DNA (full length or its fragnents) in which
puri ne nimineotictesownthoyeliedtiie fieldofogetngreeposyatrfzed, cDNA (cDNA
probe) obtained by reverse transcription, and RNA. 15 Since the detecting
nucl eot ipizeddfgrmingddiEninFanded) which is to be inmobilized on the
detection surface does not_ always have a |inear confornatipn, the getecting

nucl eoti de clen sleqtnicafiipld FaRY 1 S tHRASHERR 1791 PReR2 6 Y or ce by

SteES(a)éaglﬁgéﬂgﬁtt%ﬁhéﬁfgage?ffngg g£répgh the detecting substance

and the target substance, such as nucleotide chains, (2) to
move the target substance, which is separated from the
detecting substance, back and forth along the electric lines
of force, and (3) to adjust the higher-order structure of a
20 reaction product (combination of the detecting substance and
the target substance) obtained by the interaction between
the detecting substance and the target substance to a
structure in which it is possible to more accurately read
fluorescence emitted from the fluorescently labelled target

25 substance or a fluorescent intercalator that specifically



- 20 detecting nucleotide chain is exposed to the reaction region, and a
state in which hydrogen bonding with a conpl enentary base sequence easily
occurs can be obtained. Mre specifically, the nucleotide chain which

" conprises many pol ari zation vectors conposed of negative charges of 25 the
nucl eoti de chai n having phosphate ions and positive - 10 charges of

i oni zed hydrogen atons is stretched by the application of an electric
field, and thereby the bases are not superposed on each other any nore. As
a result, the steric hindrance disappgars, and a hybridization reaction 5
wi th the adjacent target nucl eotide can be carried out snoothly. The
principle of stretch or novenent of the nucleotide chain will be described
in detail below. An ion cloud is thought to be produced by phosphate ions
(negat i béndisatgeshel @eastsion wrogyathe backbone of the nucl eotide chain and
hydrogen atons (positive charges) fornmed by _ionizatign_of ter in the
vicinity thefbat. iFhebgofarniagi andeedrshs el8rpsiss ) i§dfer'Yed by the

negative charges and positive charges are oriented i,n one direction overal
by the BPPAyHNdcat Ve te9ea mrgﬁiqtrm 4 geﬁ%f'girt:‘a‘bef]l as a result,
the nucl eotide chain is stretched. |, dition W?en a n qynifQ§n1electric

field i GRACYHTE &ctiditadfed o 1 S BRI ‘?’%{?’e’be‘i?n ohe Fegion is

lied,_ the, | eqt.i [ t d, t egi ' ich the 20
Feckri SHIRDT oy o D Cba e {1 o S sizud - Takeshi
Yamanashi, Shin-ichi Tazawa,.Os %g@ﬂg hi titati
analysislon QFESEPBEFé?ﬁ ggéﬁén?§?9§#ﬁ§§%gﬁﬁaﬁﬂg¥?§?%6 arykégrgﬁgg?r:ca e
field ' f : i\sat o T j gal 25
Appl § catiBra ool g iy o L S GG GRy | O PRI PR ELEEER D) Zotep
(D) 15 GAIIdLG Oy Ithddlbd @ SOIALd U@ Ol &l Fh Aget heubat gete

nucl eot i aln 1s added 1nto the Iiquid phase of the reaction region with

the vol tage heing sdddd OPh i @kwromd, ther Vokdmgee pel ngedrr enoved. After
step (b), step (c) 1s carried out in which an
10 structures (stretched structures) in which the base
sequences of nucleotide chains are not folded.
Next, by applying a rectangular wave voltage (pulsed
direct voltage), more specifically, by applying a
rectangular wave voltage alternately (i.e., +/~), function
15 (2) is carried out so that the target substance which is
liberated in the reaction region is brought closer to the
detecting substance which is immobilized on the detection
surface. Consequently, since reaction efficiency (reaction
opportunity) is increased, reaction time can be shortened.
20 In the detection stage, also by applying a high
frequency, high voltage to the reaction region, function (3)
is carried out so that the fluorescence or the like from the
reaction product in the reaction region can be accurately
detected by a detection means, such as an optical means.

25 In order to reliably carry out the interaction, such as



~electric fieldis forned in the reaction region to relatively nove the
detecting nucleotide chain and the target nucleotide chain in the reaction
region so that a 10 reaction environnment in which the hybridization easily
" proceeds is created. That is, according to step (c), by formng an electric
field in the reaction region, the opportunity for reaction between the

nucl eoti de chai ns, which has been mainly based on the Browni an novenent,
can be 15 renmarkably increased, and the reaction efficiency is increased,
thus inproving the detection accuracyy Next, in step (d), after step (c),
the voltage is renoved, and a hybridizati on based on Browni an novenent is
performed. In step (d), the voltage is renoved because the 20 hybridi zation

R

2 t o0l F8FSRERHEABENGry AT DI 3% B GHS P Rt arad * 15 °°
detect | RS R T AP oS T G At P b hce it ch 15

aii ch 5 BpPOLAS TR e T TR BEt e 1 He et o 1) Subst ance

| mropi | é‘%%el%g_ %J}\%e%etti%q{i Qh ﬁlré; ok & faigelc SUDRIAACELANd an

el ec rlg el orm ng néans can forman electric field in the
reactioneqi on by ap WG e etaptd ddcdi {4 of 2nce ancthahi edrgad {arn

on/off the“el'ectric 10 field formation at a predeterm ned ti m ng.
the reaction region is positively provided. That is,
subsequent to the period in which the rectangular wave
voltage is on, by providing a period in which the
10 rectangular wave voltage is off, the interaction between the
substances can be accelerated.

Herein, in the "bioassay method" of the present
invention, the types of detecting substance and target
substance are not particularly limited. Examples of the

15 "target substances" include substances labelled with
fluorescent or other tags and substances not labelled. The
"detecting substance" is not nérrowly defined, and examples
of detecting substances broadly include low-molecular
substances, high-molecular substances, and biological

20 substances which are solid-phased on the detection surface
directly or indirectly through linkers and which
specifically interact with the target substances labelled
with fluorescent or other tags.

The "detection surface" means a surface site which is

25 favorably surface-treated so that the ends of nucleotide



. The "detecting elenment” includes the detection surface, the reaction
region, and the electric field-formng neans as three essential conponents,
and the other conponents and structures are not particularly limted. For
exanple, a 15 fine cell structure, channel structure, or the liKke,
delimted fromthe periphery, may be formed on a substrate, and the
essential conponents may be provided on the structure to forma detecting
el enent. The nunber of detecting elenents on the substrate may be

determ ned 20 dependi ng on the purposgs_and applications, and any planar
substrate, such as a rectangul ar or disc-shaped substrate, may be properly
sel ected. In another aspect of the present invention, a "bioassay
substrate" having the construction described belowis 25 provided as a tool
for advehedgeowsl yheadiyengaguber amohilizedy odaeXAmdy. WHE " bi oassay
substrate" of the present invention includes a "detecting elenment" provided
on a di serépgged rearaendt d st PeRLAMSS MBSt FEF SRITDF At G orf can be optical ly
5 read, the detecting elenent includin ,atl%gest J% a.getection surface
whi ch | §e$8FtaCR SUEAREE POY Haishiiqz i igne Je?ﬁléjo n det ecting nucl eoti de

chain, (2) positive and _negatjve_.electrodes for formng an electric field
to stregéﬁtﬂﬁ¥%ﬁﬁﬁkﬂqﬁ} oﬁhﬁ%Qﬁuﬂ§1$bﬁﬁ)? $2ed on the detection 10

; , d(3 gi . , i i al. di zati
et vben' t ho BCECERTRGCniEI Bhe HeCRRn anare i ool eGP Wha T "
t he bi trat Jy " ' 5 gc field i
apgli;3%@§?¥Hi%%%ié%?%ﬁ%ﬁ%gﬂﬁﬁiﬁgg?ﬂ%%$c %?%ﬂﬁ%§%%?¥?§e%agﬁ{?ﬁ%é%gteLSionls
surface ngl%l,ﬁ hat &%ﬁé&%—!ﬁ%ﬂ & ALY d St 1 ddeand ¥n S €l £5€dde aBHatneN a

sanple s i‘on “cont ai ni'-ng the target nucleotide chain is accurately

dri pped Qi 6 d G0t BhA-aMOL e oA pet b A 8L eoRat1eaBddeher eby the

hybri di zat1 on reaction between the 20 detecting nucl eotide chain and the

target nuyglept(gdeBfidy o sldiStrondeds andesthér iheehybtidhzation |
reaction can be perforned efficiently over a short period of tinme, which is

advapt agepus:a SUtdh b tthvedrt agenigh-hnolgbhlabostbbyahbe épntl swlng-25
process. As descri bed above, the nucl eotide chain which - 14 conprises
many polrylieailion shesstasceonmod ethioédraegaonvebehwegrslov-nhéeaudbaot i de
chai n havi ng phosphate ions and positive charges of ionized hydrogen atons
i S stretafetkdrycdde application of an electric field, and thereby the bases
5 are not superposed on each other any nore. As a result, the steric

hi ndr ance di Fappearampland whety Bialidetieorine st vranee e ERR detecting
nucl eoti de and the adjacent target nucleotide can be carried out snoothly.
The prifmpdet ofubstared afenpveheptide Ehaingcreet the 1BTERAFAIRA | again

be described below. An ion cloud is . .
15 is a hybridization, even in a small reaction region (spot

region), the hybridization efficiency can be increased
without fail. Consequently, it is possible to provide a
novel DNA chip or microarray technique with a short reaction
time and high accuracy in reading.

20 When the interaction between substances is a
hybridization, the bioassay method preferably includes the
steps of (a) forming an electric field so as to stretch the
detecting nucleotide chain which is immobilized on the
detection surface at the end, (b) adding the target

25 nucleotide chain into the reaction region after step (a),




- thought to be produced by phosphate ions (negative charges) constituting

t he backbone of the nucl eotide chain and hydrogen atons (positive charges)
formed by ionization of water in the vicinity thereof. The polarization
vectors 15 (dipoles) generated by the negative charges and positive charges
are oriented in one direction overall by the application of a high
frequency, high voltage, and as a result, the nucleotide chain is
stretched. In addition, when a nonuniformelectric field in which electric
lines of 20 force are concentrated i_ngone region is applied, the nucleotide
chain noves toward the region in which the electric lines of force are
concentrated. Herein, when an electric field is applied so that electric
lines of force are concentrated on the detection 25 surface, the nucleotide
chai n st(cet @ped YBRt Re Pofteatdiad diffprenge|if s IGadd AbRRI* Mves

toward the detectign surface, and the end portion inpacts against the
det ect i 6f FEAPEdFelgoReFGudtS WPeuarding é'b‘Fq]T?go% SRl %‘ﬁ%l %an be

l'iably i bilized the detecti face. 5 The " ti ion" i
del | i t EATAEGT GHCGE SRS MEh IChrk 5t G S0 1 E14 Pbre B By BT e zati on
ti in the Iiquid , d which is, [ wher e. tric field
< or nn 2 (Hlquer ARG DAbAtiek e S Fh BT T 1 et cher at e
bet t it ti t F vgd P t
Ceact ORGSR GEAY CHER nleh act P bel wbore o gl 5t P2 ded

”“Cle°tE%%%ifré%¥ﬁgnégééyfﬁgd‘%bléthSirEd doubl e- stranded nucl eoti de may

be forne roma ect1 ng nucl’eotide chain, and then an 15 interaction

between the gdgubhg- 3&%@@9&0‘ iAvengatdde apd 1 Repide di q¥ Qi my be
performed, or an oxygen response or other internolecular interactions may
be perf ol FYIVAPISE ML S0 dowbd et 61 rendednastéeot igdeins used, it
is possible to anal'yze the linkage between the receptor 20 nol ecul e, such
as a horyng, r£GeMiole Wihrimi @ind apsssi péi ghytasioicanbd 1brkedsponsive
el ement DNA portion, etc. In the bioassay substrate of the present

i nVeoti aib 4 hagdet edtdigp B enehtiuabyobida cleding yprodélecinajudbenent 25
having a cell structure in which a detection surface is - 16 placed on
one sur faceydherleodt ides) ainpdluding yDNA pebdbesypeobyruehestidesbeDHAr ayed
on a disc-shaped substrate. The "cell-type detecting elenment” is defined as
a site hiilg keroeih -d1 kiet s eficagroentepi on which pergeei picdgotigasthe 5
peripheral substrate region. The "cell-type detecting el enents" may be
arrayed and apprioprdine fp&l%@*@i@e%natfﬁepgﬁﬁ@%a?%@ GDBPr AGPNS t he

cel |l -type detecting elenments radially when viewed fromabove, the space on
the substiche® Rbtdkned iREtreeeysaskgangfyiption, and RNA.
15 Since the detecting nucleotide chain (single-stranded)

which is to be immobilized on the detection surface does not
always have a linear conformation, the detecting nucleotide
chain is linearly stretched along the electric lines of
force by step (a). Thereby, the base sequence of the
20 detecting nucleotide chain is exposed to the reaction region,

and a state in which hydrogen bonding with a complementary
base sequence easily occurs can be obtained.

More specifically, the nucleotide chain which comprises
many polarization vectors composed of negative charges of

25 the nucleotide chain having phosphate ions and positive




10 thereby the integration density of information can be increased. That

is, it is possible to provide a (discshaped) DNA chip with a | arge
accurrul ati on of recorded information. Since the cell-type detecting

el enents are delimted 15 fromeach other so as to prevent contam nation

di fferent detecting nucl eotide chains nmay be i mobilized for each cell-type
detecting elenent or for each group of cell-type detecting el enents so that
hybri di zati on reactions are carried out by setting different, independent
conditions for 20 the individual detegying nucleotide chains. For exanple,
mar ker genes used to identify the expression of a disease may be grouped
and i mmobilized on a substrate. Thereby, it is possible to simultaneously
identify the expression status of a plurality of diseases. 25 It is also
possi bl ehaorggsowd tlive idede dtidrpasuc ladomisdd s sStrekchadhits v be i mobi | i zed
based on the difference in Tmor GC content. Consequently, the buffer
conposi tipplicedden of eendiltscdns.c fieddas ante té‘tﬁh'@gﬁf g ST fi ng
conditions, the concentration of a sanple solution to be dripped, etc. 5to
obt ai n APtaGUPEEPNASS Gz A5Eh e B8 S e dEhd (FSRI  setiet ed

depending on the character,istics of the, detecti.ng nucl eotide chain.
Ther ef ors&efic e Nsgadian SIsFRASHIT & 13/ yg?lﬁlr‘%ﬁ%”rcfrékr?%%‘fl IJzlil se

ositive or false negative resylts are shown in.the i 10 In the
Ei oaésay’lstﬁbﬁﬁ’eataé%@f e[%ecr?rr&ele%tmf‘ﬁ\fee%q]i h,“E c%ér}s?ara{t%%(%ngurr%y be enpl oyed

in which the reaction regions of the detecting elenents are fornmed or
arrayed % %ﬂooves radially extendi ng on the di sc-shaped substrate and

the det ecti g, oufaces Le il 6o O HIe id¥iflorttIdAGeR Afudfbdiiidr ooves.

The "groove" Pg Bé 1 'or i'n thé substrate nmeans a | ong m crochannel

StrUCt Ul Qe O We ddRldsd® i el e B nassayasubshralsuar oyl ded wi th
e

t he grooves ongs 1s a disc-shaped mcrochannel array. Hereinafter, the

detecti “&%Pq}?é ABNe | S M EH By 6649 £ €01 Os | SnFRYi dedchargbs) gr oove
is referre 0 as a "groove-type detecting element”, as in
10 constituting the backbone of the nucleotide chain and
hydrogen atoms (positive charges) formed by ionization of
water in the vicinity thereof. The polarization vectors
(dipoles) generated by the negative charges and positive
charges are oriented in one direction overall by the
15 application of a high frequency, high voltage, and as a
result, the nucleotide chain is stretched. In addition,
when a nonuniform electric field in which electric lines of
force are concentrated in one region is applied, the
nucleotide chain moves toward the region in which the
20 electric lines of force are concentrated (refer to Seiichi
Suzuki, Takeshi Yamanashi, Shin-ichi Tazawa, Osamu Kurosawa
and Masao Washizu: Quantitative analysis on electrostatic
orientation of DNA in stationary AC electric field using

fluorescence anisotropy", IEEE Transaction on Industrial

25 Applications, Vol. 34, No. 1, p75-83 (1998)).




the "cell-type detecting elenent”. Wen the "groove-type detecting el enent”
is enployed, it is possible to feed a liquid using capillary action, or 25
to use a liquid-feeding process in which the centrifugal - 18 5 force
generated by rotating the disc-shaped substrate in a predeterm ned nanner
is utilized. For exanple, a sanple solution, a cleaning liquid used for
renovi ng an excess target substance which is not actively linked after
reaction, etc., can be fed snmoothly and reliably fromthe central region of
the substrate into the grooves (i.e;,l%egction regions). In the groove-type
detecting elenent, it is also 10 possible to imobilize different detecting
nucl eoti de chains for each groove or for each group of grooves. In the

bi oassay substrate described above, when a neans 15 for providing the
positi onal iAf&eraster dB)vhetedt d&i d sarEded Sute Whdhisad onal
synchroni zation information is provided, it is Eossibjg to drip, the

det ect | FRMRIE SRYHEBNEATH HG I ho -5t UG Qetde chaln is

nucl eoti de-containing solution into a predeterniped reaction, regji.on by
accur at @ddest it thre Mehd RRAHR of Wit EP O bR eF S - FudTESE pits 20 25
provi ded qn the substrate.. "Whbling" neans to slightly neander the groove
(pr egr ofPHtASE RFIAE S} £7 ‘?%e?ir b‘f/laif R e¥© %?r%s?%len?o si de
reIa&ive to the center of the track in order to prelimnarily record

i nf o? mati PGt physi cal addresses on the disc. Usually, FM nodul ation with

Sl eV BRGED e AL S AT R A Rl SR per han e
electric field is formed in the reaction region to
relatively move the detecting nucleotide chain and the
target nucleotide chain in the reaction region so that a

10 reaction environment in which the hybridization easily
proceeds is created. That is, according to step (c), by
forming an electric field in the reaction region, the
opportunity for reaction between the nucleotide chains,
which has been mainly based on the Brownian movement, can be

15 remarkably increased, and the reaction efficiency is
increased, thus improving the detection accuracy.

Next, in step (d), after step (c), the voltage is
removed, and a hybridization based on Brownian movement is
performed. 1In step (d), the voltage is removed because the

20 hybridization is a reaction which is mainly left to hydrogen
bonding between complementary base pairs.

In another aspect of the present invention, a "bioassay
apparatus" having the construction described below is

provided as a tool for advantageously carrying out the

25 Dbioassay method.



. formed on the substrate with a sinusoidal wave nodul ati ng signal anplitude
as a radial deviation of the groove. In the bioassay substrate descri bed
above, the reaction 5 region may be filled with a material which can
undergo a reversi bl e phase change between gel and sol at between room
tenperature and the optimal tenperature for the reaction (referred to as a
"phase change material"). For exanple, an agarose gel may be used as the
phase change material. In such a case, it is possible to carry out a
procedure 10 15 20 in which the pha§e%%h§nge material is solated under high
tenperatures a voltage is applied in is state to array nucl eoti de chains,
such as DNA the phase change material is Belated by decreasing the
tenperature: and furthernore, the phase change material is sol ated under
optimal tenp@hatuie,cthdi biopssayr apRarpEseSt Pén t&gr PE§SKYHri di zation. |f

t he phase change material maintains the Belated state durinpg hybridization
hybri di Zaviest iean e lysieso enele taatiang e eifit e st Fh clﬁ’a‘?]ﬁ'éc?ess % as DNA,

are stretched, which is preferable. Additionally, 3g$n Qgg fhase change
mat er i alleastBa sed@ctingy SULLare e 14 ysuﬁ{égceh" i SAti%n does not
proceed,successfmAQ%%nherefqre, as i.n el ectrophoresis, a Jongh%ﬂgknm

recess AEPORE 137 S54SR AT drd P HY Ot it LEC iR e sanpl e
Cor got RRGVESIAHE ek 1 TOF UT SRR T R TG e o Can
hybr | 0 S AR PR T bt e P o S £ P A o ket 1o

ot ect RSt G b e B e by, “the
f 1 uoresanae MAVAI KNG |8 o1 [2d AOREL: Evn | P0Gt uavsy eagbllyshgea and

al so, since uorescence Intensity and the anbunt of intercal ator

i ncor porated i 0 dher shoubde-sid andesh 10anuek et bilgoaf eter edkatedew th

each other, quantitative detection is enabled based on the correlation. As

desgpi bed ahoves ridie ¢x esend pro@atéonihes theingchni cal advantage of
provi di ng a novel technique concerning DNA chips and bi osensor chips. 15
The present iTHeeMdedecisey kasndre 't eatuiliwdds advandegectoforprovi fhery, a novel
bi oassay substrate which can be used for analysis of gene nutations, SNP
(singl e thel eod dtieopotyabophi smd  enal gtestrjenéiekgr éesndngf negnenay
analysis, etc., to industries related to the devel opnent of new drugs, 20
cl i ni caltithegnosssnt phhr conpoerents csanfotbaspthasdrempencafg 8hHers. Bri ef
Description of the Drawings Fig. 1 is_a flowhart which illustrates

pref er r st stepsres afe andt opashycwbendby dimikedpr eEekt eXATRALY 0 and a

15 fine cell structure, channel structure, or the like,
delimited from the periphery, may be formed on a substrate,
and the essential components may be provided on the
structure to form a detecting element. The number of
detecting elements on the substrate may be determined

20 depending on the purposes and applications, and any planar
substrate, such as a rectangular or disc-shaped substrate,
may be properly selected.

In another aspect of the present invention, a "bioassay
substrate" having the construction described below is

25 provided as a tool for advantageously carrying out the



.- 21 preferred enbodi ment of a bioassay apparatus of the present

I nvention. Fig. 2 is a waveformchart which illustrates an exanple of a
step of applying/renoving a voltage in the bioassay 5 method or apparatus.
Fig. 3 is a perspective view showi ng the appearance of a bioassay substrate
viewed from above in a preferred enbodi ment of the present invention. Fig.
4 is an enlarged perspective view showing a cell 10 type detecting el ement
provi ded on a substrate. Fig. 5 is an enlarged view showi ng the detection
surface and its vicinity of the reactign_region of the cell type detecting
element. Figs. 6(A) and 6(B) are diagrams show ng a bioassay 15 substrate

I n anot her preferred enbodi nent of the present invention; Fig. 6(A) is a
top plan view of the substrate; and Fig. 6(B) is an enlarged plan view of

t he sectilo@s®ay mEtdods(A). 20 Best Mbde for Carrying Qut the Invention The
preferred enbodi nents of the present invention will be described bel ow
based on theTaﬁtaéﬁ@éSGPQMFH§§Frate" of the present inventlon

includes a "detecting element" provided on a disc-shaped
substrate from which recorded information can be optically

5 read, the detecting element including at least (1) a
detection surface which is surface-treated for immobilizing
the end of a detecting nucleotide chain, (2) positive and
negative electrodes for forming an electric field to stretch
the detecting nucleotide chain immobilized on the detection

10 surface, and (3) a reaction region which provides a field
for hybridization between the detecting nucleotide chain and
a target nucleotide chain.

In the bioassay substrate having the "detecting

element", an electric field is applied to the detecting

15 nucleotide chain immobilized on the detection surface so
that the nucleotide chain is linearly stretched, and then a
sample solution containing the target nucleotide chain is
accurately dripped onto the reaction region of the detecting
element, and thereby the hybridization reaction between the

20 detecting nucleotide chain and the target nucleotide chain
is carried out. As a result, the hybridization reaction can
be performed efficiently over a short period of time, which
is advantageous.

Such an advantage is brought about by the following

25 process. As described above, the nucleotide chain which



Figs. 1(A) to 1(F) are flowharts which illustrate preferred steps of a

bi oassay nethod of the present 25 invention and a preferred enbodi nent of a
bi oassay appar at us - 22 of the present invention. Fig. 2 is a waveform
chart which illustrates an exanple of a step of applying/renoving a voltage
in the bioassay nethod or apparatus. An exanple in which both the detecting
substance and 5 the target substance are single-stranded nucl eotide chains
and the interaction is a hybridization in the present invention will be
descri bed bel ow. However, it is to be understood that the detecting

substance and the target substance are not limted to nucleotide chains and
that the 10 interaction is not limted to a hybridization in the present
invention. First, the bioassay nmethod or bioassay apparatus of the present

i nvent i cpmpséses denycPoAg ralzavien ¥ertods iGeE &t |negatiyet ecti on
surface S which is surface-treated faor 15 immobilizing a detecting

subst ancbargpre9éntég BRcdgebddepche iy favindg RhORRN r%ﬁﬂ%n?*@mhich

provides a field for interactiaon be en the detectin n

i mobi | PPEd tdiet ﬁ@a&@teécﬂfoﬁ%rzleéjcé‘%r%rh & tlssgebt:'?eg%%geqcr?bgnd a

C ect 11 E761 SPBIGRITAG fard BT QA e patenti i e ce i n
Fogi Sn REeRBS, SHESTRGRBARIT: SAear aBRE TPt dn "o & st G o e
Appl yi ngtFaNG: MRE o seps it S IR L A ARARAINS Sedtion ler Y 1"
el ectrode E2. rlFitgTeet HAe drsif Iﬁﬁé@gggﬁc g1_ear§% ?&igﬁ Lohe thergod of a

si ngl e- stranded ecting nucl eot ain g., probe) D1 is

i mobi | ized o ithe def e i SWd ans %mdcﬂ:ﬂ%}us state, 5 the higher-order
structure of the detecting nucleotide chain D1 is not always |inear, and is

often, for exgaEpheind3pIROWE ishriiteh ©A) mdverdwlaedHomudsedtfidde chain
were tangl ed. Since alf t he base sequence is not always exposed to the

reaghi o809 G IR ddaiirs WOnEdsteriaskd dodkowli f fAtulont cldddef§iciently
performa hybridization with the target nucleotide chain T which is later
added i HHoUde readid Prddgiah Y phosphate ions (negative charges)
constituting the backbone of the nucleotide chain and
hydrogen atoms (positive charges) formed by ionization of
water in the vicinity thereof. The polarization vectors
15 (dipoles) generated by the negative charges and positive
charges are oriented in one direction overall by the
application of a high frequency, high voltage, and as a
result, the nucleotide chain is stretched. In addition,
when a nonuniform electric field in which electric lines of
20 force are concentrated in one region is applied, the
nucleotide chain moves toward the region in which the
electric lines of force are concentrated.
Herein, when an electric field is applied so that

electric lines of force are concentrated on the detection

25 surface, the nucleotide chain stretched by the electric



. Therefore, in the present invention, a high frequency, high voltage is
applied to the liquid phase (a salt solution 15 or the like) in the
reaction region R between the positive electrode E1 and the negative

el ectrode E2 to generate a potential difference in the reaction region R
and thereby an electric field is formed. The electric field has a function
to stretch the detecting nucleotide chain DI 20 linearly (straight) al ong
the electric field. As a result, the detecting nucl eotide chain DL becones
stretched (represented by synmbol D2),1@nd the base sequence of the
detecting nucl eotide chain D1 is exposed to the liquid phase (refer to Fig.
1(B)). 25 Next, with the high frequency, high voltage being - 24 renoved
or being still applied, a sanple solution containj the target substance T
(t ar get TA§dCedBeRedRah 2POVE)s MY YIWGH %Ae&g%c%qrh sd'gbiit'ae%ee't er ni ned
structure accurate|ly into the reaction reqi R ., Al though the_target

nucl eot P FMen & PPLE Hot RN qqarféhe'rg‘ %tr}let 1€ %S og'f HHHFIToN, as

shown in Fig. 1 , in.the liquid phase tq which a hi f.re C hi gh
vol tager&ioéls%@ﬁq('gﬁy’as%%%oqﬁ??%lﬂdg.n %@O%J\t,(\%e }}laarlgneth‘;rhjc %g}{lele eél]% in Tl
becones .stret.ched | i nearl r.epr.esent ynbol T2). Thus, a state is
created JTHWO%OI eccln i Zc%e%lrcéettcﬁqéétdlcfergrsg%éyncu% eotide chain T2 and the
simjlarly st ch .ect i .NUuGl eqt id is fé%%i I

conpl enent ar ;ﬁtgtrg%gg%ké%t ,r%&}%?lepggt iangietclﬁg{lsr%teg of gg%loli/rionégp/a%eermvi ng a
rect angyiareavs, 4R SEVEIaly tidES: Hiis- fuch sotéslerdiceh@nsn D2 and T2

are brought close to each other stepw se,” the target nucleotide chain is
moved bagle andypfQd thha &, 4y NERH Ofk td N dl dis kb st el e ToeL £ 26t angul ar
wave voltage 1S renoved so that the conplenentary strand formation

reacti orgidice.is ydrmélh zad i e POybed Wiedsé seddnearof ad gedtantiedt i de
chain T2 and the |inear detecting nucleotide chain D2 is carried out mainly
based onjitfhe Biroydi genamyesd iet ket heteropesitige dfE)ndgaeivg shows a
doubl e-stranded reacti on product (D2 + T2) forned by hydrogen bondi ng

bet ween dlhe-tcaed €nent ary base sequence 25 portions of the chains D2 and
T2. - 25 In the present invention, in addition to the detection of the
target nucl eduintdeEnqrE) imtihey redsdseonaneine timtaddi toml terethary to
that of the detecting nucleotide chain D1 (D2),_ further devel opnments nmay be
made, f ornteseagt Eon sbstweemosinglewhs ehandgd uBhabeehedeseps- Bescri bed above,
a desired doubl e-stranded nucl eotide chain (DNA) is prepared, and an

i nt er acthyhr bt apehon, spedesitedrdrephe-shEand_danFAReELFHt "8Y P&ctor, and
t he specific response sequence port t he double-sgéanded nucl eoti de

i on |
chain (CFymed PO eCERHCT LAY ’P‘ﬁ?iﬁ%?ﬁ‘g?e?hgéﬁr cAN9a588) @Bic. | of

endg%rinfhégfgé%qgﬁsbgg&ggntpgengggggé—stranded nucleotide and a
peptide (or protein) may be performed, or an oxygen response
or other intermolecular interactions may be performed. For
example, when the double-stranded nucleotide is used, it is
possible to analyze the linkage between the receptor

20 molecule, such as a hormone receptor, which is a
transcription factor, and the responsive element DNA portion,
etc.

In the biocassay substrate of the present invention, the
"detecting element" may be a cell-type detecting element

25 having a cell structure in which a detection surface is



. Fig. 1(F) shows a step of detecting and reading the |abelled (e. g.,
fluorescently | abell ed) target nucleotide chain T2 by an optical neans 4.
In the present invention, 15 the labelling nmethod is not narrowmy |imted.

- For exanple, a fluorescent intercalator may be used. The fl uorescent
intercalator is incorporated into the hybridized, doublestranded nucl eoti de
chain so as to be inserted into the hydrogen bond between the bases of the
detecting nucleotide 20 chain D and the target nucl eotide chain T. Thereby,
the fluorescence wavel ength is shiftedgtoward the | ongwavel ength side, and
al so, based on the correl ation between the fluorescence intensity and the
anmount of fluorescent intercal ator incorporated into the doubl e-stranded

DNA, 25 quantjtative detection . s enabled, As the fluorescent,dye - 26
used foP4aRe I%rqé%ecesrﬂr'alﬂeepgé‘?%?%f’, HhE 1F,)L”I']Eﬁ' Y %f ?%i;ll—‘ﬁ%erray be

| ected.. 1 n the detecti t b | Vi hi hi ah
Vol t age SYHETH AE drtidt S ranrth & of Ehee P ey | b st bf Bt tne
doubl e-,st d | i i dsi A ti . .

i ust od G5 A SR AR i TRt ol et P AP PP B B BT ecti o

can be Rel{ IR bﬁ'eaw(}ﬁ&;rgg%gi%mﬂﬁ?ﬂfcﬁ'%én%gfﬁHP{@dO%r&nsﬁﬁg of

appl yi ng/Tenoving a v now escribed wth reference to Fig.

2. T iSEﬁé% r]9§99@g§ 10 steps shown in Fig. 1(C) onward. <Step
] acl g&&f %eotl e (acha?(w&n

a> By pl a nuc ninthe electric field formed by the

application efea figh fgAHNRectligh ddhages " Ty nshiced- ppdaragati on of
the nucl eotide chain is perforned,

appropriate positions on the substrate. By arraying the
cell-type detecting elements radially when viewed from above,
the space on the substrate can be effectively used, and

10 thereby the integration density of information can be
increased. That is, it is possible to provide a (disc-
shaped) DNA chip with a large accumulation of recorded
information.

Since the cell-type detecting elements are delimited

15 from eaéh other so as to prevent contamination, different
detecting nucleotide chains may be immobilized for each
cell-type detecting element or for each group of cell-type
detecting elements so that hybridization reactions are
carried out by setting different, independent conditions for

20 the individual detecting nucleotide chains.

For example, marker genes used to identify the

expression of a disease may be grouped and immobilized on a
substrate. Thereby, it is possible to simultaneously
identify the expression status of a plurality of diseases.

25 It is also possible to group the detecting nucleotide



. and thereby the nucleotide chain is stretched. Consequently, in step a, by
applying a high frequency, high voltage, the target nucleotide chain Tl is
~stretched, and sinmilarly the detecting nucleotide chain Dl is stretched
(refer to the 20 states shown in Figs. 1(C) and 1(D)). Additionally, the
optimum conditions for the high frequency, high voltage, are considered to
be 1 x 106 VVm and about 1 WHz (refer to Masao Washi zu and Gsamu Kur osawa:
"El ectrostatic Manipulation of DNA in Mcrofabricated 25 Structures", |EEE
Transaction on Industrial Application¥ot. - 27 26, No. 26,

p. 1165-1172(1990)). <Step b> At the timng in which the nucl eotide chains
D2 and T2 are believed to be relatively noved and brought close to 5 each

th th | t d, d h i di i on_ i i i

Egsgé o PERE B S TR Eaied FHC (O (i S ASRFNA T ﬁf’togﬁtﬁg)y_
<Step c> B t I h

di re(F:)tl GR" }éleﬁlgp :51832"( %tf{}%crbtg]t ’detqt%\z,iy?al}ffle\érovﬁt'n? eosllst Is(f |e'l FP&%{X ose to the
Car get | OIS craar 0 1o R e, kit (EsRa pu0Aey 1 he
hybri di zat t ect

7 om t ha s Ser et S S e MBI G g %oﬁﬁﬁf’ﬁé?:f 3‘*??5’? Pt
<Step dyg nggt%%%ea&f@wmf@ﬁ&l@fmdréi@tm@rwﬁzgél on is carried out

mai nly bas on the Browni an novenent (refer to
sensitively selected depending on the characteristics of the

detecting nucleotide chain. Therefore, it is possible to
significantly lower the risk that false positive or false
negative results are shown in the analysis.

10 In the biocassay substrate of the present invention, a
construction may be employed in which the reaction regions
of the detecting elements are formed or arrayed in the
grooves radially extending on the disc-shaped substrate and
the detection surfaces are placed on the inner surfaces of

15 the grooves.

The "groove" to be formed in the substrate means a long
microchannel structure. One of the fields to which the
biocassay substrate provided with the grooves belongs is a
disc-shaped microchannel array. Hereinafter, the detecting

20 element in which a reaction region is provided in the groove
is referred to as a "groove-type detecting element", as in
the "cell-type detecting element".

When the "groove-type detecting element” is employed,
it is possible to feed a liquid using capillary action, or

25 to use a liquid-feeding process in which the centrifugal



. the state shown in Fig. 1(E)). 20 <Step e> Next, by applying a rectangul ar
wave voltage in the negative direction, the target nucleotide T2 which is

~still not close to the detecting nucleotide D2 is noved (refer to the
process fromthe state showmn in Fig. 1(D) to the state 25 shown in Fig.
1(E)). - 28 <Step f> The voltage is renoved again, and the hybridization

Is carried out nainly based on the Browni an novenent (refer to the state
shown in Fig. 1(E)). 5 <Step g> By applying a rectangul ar wave voltage in
the positive direction again, the targget-nucleotide chain T2 which is still
not close to the detecting nucleotide chain D2 is noved (refer to the
process fromthe state shown in Fig. 10 1(D) to the state shown in Fig.

1(E)). < Step h> The voltage is  renmyed ain, and,th bridizati [
carri ed fodcengeRey ab&se & YorF A7 1% eargal%ﬁ/'me"% r%‘fe%?wﬁaoéef Itfé%aseli g?el :hown

'n Fig'p%%%%%érmined manner is utilized. For example, a sample
solution, a cleaning liquid used for removing an excess
target substance which is not actively linked after reaction,

5 etc., can be fed smoothly and reliably from the central
region of the substrate into the grooves (i.e., reaction
regions).

In the groove-type detecting element, it is also
possible to immobilize different detecting nucleotide chains

10 for eaqh groove or for each group of grooves.

In the bioassay substrate described above, when a means
for providing the positional information of the detection
surface site and rotational synchronization information is
provided, it is possible to drip the detecting nucleotide-

15 containing solution and the target nucleotide-containing
solution intoc a predetermined reaction region by accurate
tracking.

The means may be a wobbled groove or address pits
provided on the substrate. "Wobbling" means to slightly

20 meander the groove (pregroove) in which data is recorded by
the user from side to side relative to the center of the
track in order to preliminarily record information on
physical addresses on the disc. Usually, FM modulation with
a slight deviation of frequency is performed on a frequency

25 higher than the tracking servo band, and the pregroove is



15 <Step i> By applying a rectangul ar wave voltage in the negative
direction again, the target nucleotide T2 which is still not close to the
detecting nucleotide D2 is noved (refer to the process fromthe state shown
in Fig. 1(D) to the state shown 20 in Fig. 1 (E) ) . <Step j> The voltage
is renmoved again, and the hybridization is carried out mainly based on the
Browni an novenent (refer to the state shown in Fig. 1(E)). 25 <Step k> -
29 The doubl e-stranded nucl eotide chain (D2 + T2), which is the reaction
product formed by the hybridization, i stretched under a high frequency,

hi gh vol tage, and fluorescence reading is perfornmed (refer to Fig. 1(F)). 5
Wth respect to the step of applying/renoving the rectangul ar wave voltage,

etc., an appropriate step or timng nay be sel ected or deternined dependi ng
on the tpgaest qrhetheeé&h%rra&reow&% o P Urtidladd v f%‘?‘i‘b{%frl‘%‘? mng is

Tay. be GHOFEH LR St Hepo R T T R RS bi oasay
2ssoct at od wiPh CPRCELHBERPY: SR StOw BE RACER BHR ors g LA Heiop

U o b RS ' et e SCrbctire O g, 4 15 an
bt et B G YRR e e AR SO PR TR0 (e

substra i : i | ted+ Mt ed one shown
;tfeéﬁgg&ﬁ dde tn{eegffgémﬂveagm&uﬁ;f@ £é4 MR &dr&oct hén

in the i oassay strate 2 shown in Fig. 3 includes a base

pl ate fory gl s6y shaned Substsiad i geInabi £hais) Userbf osxaap0p) i 68!
i nformation recording nedium such as" CD, DVD, or 25 MD. That is, in the
substr atgynode @ dathy HOriedd ok e phase change material.
In such a case, it is possible to carry out a procedure
10 in which the phase change material is solated under high
temperatures; a voltage is applied in this state to array
nucleotide chains, such as DNA; the phase change material is
gelated by decreasing the temperature; and furthermore, the
phase change material is solated under optimal temperature
15 conditions for the reaction during hybridization. If the
phase change material maintains the gelated state during
hybridization, hybridization can be performed while the
nucleotide chains, such as DNA, are stretched, which is
preferable. Additionally, when the phase change material is
20 gelated, there is a possibility that hybridization does not
proceed successfully. Therefore, as in electrophoresis, a
longitudinal recess may be preliminarily formed at the
dripping point so that the sample solution is dripped into
the recess.

25 In the present invention, the target nucleotide may be



.- 30 be read optically. The base plate, which is conposed of quartz gl ass,
silicon, polycarbonate, polystyrene, or other synthetic resin which can be
formed into a disc, and preferably 5 injection-noldable synthetic resin, is
formed into a disc. By using an inexpensive synthetic resin substrate, a

| ow runni ng cost can be achi eved conpared to the conventionally used gl ass
chip. A hole (not shown in the drawing) for fixing a spindle which is used
for rotating the substrate 10 nay be fornmed. An evaporated al um num | ayer
is formed on one surface of the substymte 2 at a thickness of about 40 nm
and the layer functions as a reflecting film In the reflecting film the
surface reflection is 4~ or nore fromthe base 15 plate with a refractive
index of 1.5 or npre. A lighttransmtting |ayer, conposed of a transparent

gl ass, tRBRRIP&FeMithes flUrastent WS s Adefdsi Sltaﬁé’rr &A%dS ng | ayer.
Addi tional |y, en the base plate s .conposed of a 20 material with a high
refl ect 3866 i £hes ﬁ@%%59é1£§9ﬁmé§%&ﬁinPQQiﬁﬁqtﬁ? %fi®tting fil m because

th of the base plate itself functi . a ref] ecti face. If
a i ghr GPPELCIAZE FORL B A RAGETTITR, O FDATRE Thé RIS Hecence
intensity of .a fl. tly 1.abel]ed target, 2 det ect ed
wth i GhoReirder HHREFEETREo Rtk AR LA AR B, o0 e
b ib 1 . wi Gy widd b
dosct| pEF RS B e PErtD B o) ity AR S e 0 &% raved on

t he 'igt&%§gferta%%@1tet&tqgié RS0 Ahd X! b radigddseddaun the peripheral

regi on of the center of the substrate 2 “when viewed fromabove. Fig. 4 is

an enl akged IRSIGHIEGLY \h A taW ST 0 e 1dnd el dnd tipes s ecdndig
elenments 1. Wth respect to the detecting elenents 1, a case in which both

10 the detegt igiguhgicantaarkddited arfein Siths tant eclog earsdurgt eo St r anded
nucl eotide chains will be described as a typical exanple. However, it is to

be underisiteaddikalornt Havdeandtared uhsiandes dritelod-esk tyndde det ecti ng
elements 1 are not limted thereto. 15 The reaction elenent 1 includes a
det 20t | cEwWdtde: Snehiadr el sted ackeet reatledbflorr j muodntitzatngve he ends of
detecting nucl eotide chains represented by synbol D, a positive el ectrode
El and aetegdtiiore i egtaded Badat dorthacarncelationc fAsldesorthe@tch the
detecting 20 nucleotide chains D prelimnarily i mpbilized on the detection
sur f ace apovand the eI rieg ot PmHiah Provieriinical advankadgbef di zati on
bet ween the detecting nucl eotide chains D and target pucl eotide chains T.

I n thi s REEHHIag tﬁﬁé‘Q‘é%]et*i%ﬁhrPe‘yﬁ%ﬁ@?%rqﬂ?%ewpgsc%lﬁ%l #0%hi ch opens

toward . .
biosensor chips.

15 The present invention also has the technical advantage
of providing a novel bioassay substrate which can be used
for analysis of gene mutations, SNP (single nucleotide
polymorphism) analysis, gene expression frequency analysis,
etc., to industries related to the development of new drugs,

20 clinical diagnosis, pharmacogenomics, forensic medicine, and

others.

Brief Description of the Drawings
Fig. 1 is a flowchart which illustrates preferred steps

25 of a biocassay method of the present invention and a



25 the top and which is rectangul ar when viewed from above, for - 32
exanple, with a depth of 1 Vim a length of 100 Vim and a width of 50 ~.

~ However, the shape and size of the cell are not limted to those shown in
the drawi ng. The detection surface Sis placed on the inner surface 5 of
the negative electrode E2 side facing the reaction region R The detection
surface Sis suitably surface-treated so that the end of the detecting

nucl eotide chain D can be i mmobilized thereon by chem cal bondi ng, such as
coupling. That is, the detection surfage-Sis not particularly 10 limted
as long as it is surface-treated so that the prelimnarily processed end of
the detecting nucleotide chain D, such as a DNA probe, can be immbilized.
For exanple, a detection surface S which is surface-treated which

Str opt et SRS bt ] 79511 6roRS EREC 0T 1556( BECBFBE nyl at ed
nucl eot i, in, A preferred nethod for imuobilizing the detectin
nucIeoH%ﬁ?%ﬁE%??bn Phe detection surface S wll be gescribed beloaL By

applying a n i f,or, I i j o] acH. | 0

detecting nu%:1 ot i2delr£|cF%lai%(r‘;lilrvr \/\%%%%%ts “H]%é gtalgld“él)ér}ré{ﬁ% r%a%’f%nﬁﬁreegi on R
obt ai ne y, t " f 4 i i es.t rd; tection
surface%sfoian é@\fﬁ%ﬁé% %&b%%%ﬁ{%ﬁ%ﬂégo% ‘?%ggg&grgncgl\r%%eﬁ%%g%%? and the
end portiehRf dheagledactig nucl eotide chain inpacts against the detection
surface S. 25 Consequently, the detecting nucleotide chain can be reliably
- 33 i mmobi lpjzged 301 ¢ ke delfeldtlR s Wifar & hawilly Hlerad e £k Ye Q3 this
nmet hod favorabﬁg, t he neég??ve el ectrode E2 isrg%aped F?f% a conb as shown
in Fig. &#bioydnly \bubstidbe i SpE@SERSE SPe¥einSappryfépsreappl yi ng power
to the positive 5 electrode E1 and the negative electrode E2. In Fig. 4,

r ef er encenbudimienit of efteegerd serat tipvaitbompzzl e for dripping a sanple
solution 5. The nozzle 4 is constructed so that the sanple solution 5

cont ai ni ng t Megdetdedts g rumdleemgtedd pertamartl wndriew astpbwisplaitcahl b’ 10
containing the target nucleotide chain T are dripped into the position of

t helPeadtyreh dalig O IRy [/l et apeovidedi oy dasedsbnatée positional
information and rotational synchronization information provided by the
substrate 2. FAg -t Fe idr iggpiang ahaads Viay isheyiag giieitdeleeeiond is 15
preferably used. The reason for this is that a mcrodroplet can be

accur at YFIRGHFE i Hi D YHelpiledetbr it eierebtenoregéghoff REBRL 88 Whi ch

al so applies to a substrate 20 descri bed below). The "ink-jet printing

met hod" TS i tc%tfd”?% SHTEFM S 20 nozzle used in an ink-jet printer is
appl i ed, andﬁi%éM“é%&) and 6 (B) are diagrams showing a bioassay

15 substrate in another preferred embodiment of the present
invention; Fig. 6(A) is a top plan view of the substrate;
and Fig. 6(B) is an enlarged plan view of the section X in

Fig. 6(A).

20 Best Mode for Carrying Out the Invention
The preferred embodiments of the present invention will
be described below based on the attached drawings.
Figs. 1(A) to 1(F) are flowcharts which illustrate
preferred steps of a biocassay method of the present

25 invention and a preferred embodiment of a biocassay apparatus



~using electricity, a detecting substance is ejected froma printer head and
then is fixed, as in the ink-jet printer. Exanples of the nethod include a
pi ezoel ectric ink-jet nmethod, a bubble jet (registered tradenark) mnethod,
~and an 25 ultrasonic jet nethod. - 34 In the piezoelectric ink-jet

met hod, a droplet is ejected by the pressure of displacenent caused by the
application of a pulse to a piezoelectric elenent. The bubble jet
(registered trademark) nethod is a thermal nmethod 5 in which a droplet is
ej ected by the pressure of a bubble_ggeperated by activating a heater in a
nozzle. A silicon substrate acting as a heater is enbedded in the nozzle,
and by controlling at about 300C/s, uniform bubbles are forned, and
droplets are ejected. However, since the liquid is 10 exposed to, high

t enper aedr &be pxesemtstiyentden widd ¢ i s et RV ot eha vy Wahphes of

bi ol ogi cal, substances. In the ultrasonic Jhét met hod, an ulfrasonic beamis

appl i ed iddushaatese MaEXBPLe 19T R FEP tHat2RPH Y HrEeVARI i} appl i ed

| ocally, and thereby a_droplet is ected fromthat spot. A 15 nozzle is
not requicld@gCand ﬁ@&’&o&s%% I’i“e:ﬁ{ﬁ‘ir%? APRATEPGUt 1 ~m can be forned at

a high speed, In the_present .i ntion, as,the "ink-jet printing, method", a
" pi ;goel gct B PARMPEE et P‘I’h&!cg;/g’oﬁilrheft&eaﬁ?et%e%}g é%cse atri'ucee Isallrg%a of a

drop] et &&%‘é%%%re%gk%@stc%ncebearceonstirr%) iggs@@%xga?&wgi%&igg hgpgsof the

pul se t anal'ysi s accuracy can nproved advantageously. Wen

t he Cur\é%td”tbeer gq{'%sraogtdg}g\hiesgnra{ ﬂéﬁ%ﬁ%g%ggp&ge%ni%ér@%seﬁge size of the

dropl et can ecrease ure radius of  a droplet is |arge,

the Si2q Qfedfi®dINAP Clod Ak e 18] SR8 . 2Hbeyap] diy £hapgipg the pul se

in the negative direction, the surface of a droplet is pulled

i nvar d sQ ddialt Jdie 1 athe ead @i tisnd Ss @66t 836€0an§i fice tBAYeof the
detecting nucleotide chains D dripped into the reaction region R are

i mobi | iZgk ahddiadetast | Dind surf aceudl wbt hdé hehbasesahei shatotted (refer
to Fig. 1(A)), during hybridization with target nucleotide chains T which
are1dri ppadafdterovris nsobl emtesuch ashgbetdczatbdnahnethe present
invention.
First, the bicassay method or biocassay apparatus of the
present invention uses a detecting element 1 which includes
at least a detection surface S which is surface-treated for
15 immobilizing a detecting substance represented by symbol D
in Fig. 1, a reaction region R which provides a field for
interaction between the detecting substance D immobilized on
the detection surface S and a target substance T, and a
positive electrode El and a negative electrode E2
20 functioning as an electric field-forming means E which
generates a potential difference in the reaction region R by
applying a potential difference in the reaction region R.
Reference numeral 2 represents a portion of a substrate

provided with the detecting element 1, and symbol V

25 represents a power supply for applying power to the positive



~occur, and the reaction efficiency is |ow. Therefore, based on the bioassay
nmet hod of the present 10 invention, power is applied to the positive and
~negative electrodes E1 and E2 to cause a potential difference in the
reaction region R, and thereby an electric field is formed in the liquid
phase (a salt solution) stored in the reaction region R so that the
detecting nucleotide chain D and the 15 target nucl eotide chain are
stretched linearly (straight) along the electric field. Since steric

hi ndrance, etc. is relieved, conplerengary base sequences easily cone cl ose
to each other, and hydrogen bondi ng (conpl enentary bondi ng) between bases
of the 20 Iinearly stretched detecting nucleotide chain D and the target

| eot | abel |.ed h.,a f d he ik
akes. pltaes WRHRLine t%??atna%giatfw&%ﬁr@ﬁ%ﬁ%“?%ct .V_ﬁn"[)ei ween ¢ he
o e_Ct I " nug'lﬁ'g]?:::lg%t) %Iln&gli)éla%%ogdhet%%r t%ug-l'ieg’thll%% %IG rea% ion tine

carried out equently hybr| ion

is short t
results SgLr gﬂs %Huﬁ[?{ngﬁfée)éaé %g |In?é e%digejgcgeeﬁg%\/\]h é r e er aﬁ?gé, Fig. 5
I's an th?GQ?%ﬁﬁHﬁHﬁ%iéﬂC%ﬁgfﬁ@1&Qt&@t§89“§u£?§cé $0  1n this state,

5 the higher-order structure of the detecting nucleotide chain
D1 is not always linear, and is often, for example, as shown
in Fig. 1(A), in a folded form as if the chain were tangled.
Since all the base sequence is not always exposed to the
reaction region R, it is considered to be difficult to

10 efficiently perform a hybridization with the target
nucleotide chain T which is later added into the reaction
region R.

Therefore, in the present invention, a high frequency,
high voltage is applied to the liquid phase (a salt solution

15 or the like) in the reaction region R between the positive
electrode El and the negative electrode E2 to generate a
potential difference in the reaction region R, and thereby
an electric field is formed. The electric field has a
function to stretch the detecting nucleotide chain D1

20 1linearly (straight) along the electric field. As a result,
the detecting nucleotide chain D1 becomes stretched
(represented by symbol D2), and the base sequence of the
detecting nucleotide chain D1 is exposed to the liquid phase
(refer to Fig. 1(B)).

25 Next, with the high frequency, high voltage being



. detection surface S and its vicinity of the reaction region R of the
detecting elenent 1. Fig. 5 schematically shows a state in which a
detecting nucleotide chain D of which end is imobilized on the detection
surface S and a target nucleotide chain T having a base sequence that is
conplenmentary to the base sequence of the detecting nucleotide chain D are
hybri di zed to forma double strand. The reaction region R (or a reaction
region R which 15 20 will be described below) may be filled with a phase
change material, such as an agarose-ge4,-which can undergo a reversible
phase change between gel and sol (not shown in the drawing). In this
enbodi nent, it is possible to carry out a procedure in which the phase

i o ot RS o s, PoAE o BN L LT DNGR L Ee bragt e
phase clid AR (PSS o A OB T onPetal b cohdriahs | or

Lot nOACR Pnd A £ UL & B SRR | S e T e #hl s on can be
i ch | e B R AR TRATL o v (e phASe Chemoe e arTar e

Bel aﬁed,cq &f &1 S A RASSRId Y4 i Akl r hybrisl zathon dossaneioR) ogeed 5
successfully when the sanpl e solution 5 containing the target nucleotide
chains Ercsufridpedy . nt @t he detiacti ngu £ epeiée leo TRIhos enigls in

el ectrophoresis, a longitudinal recess may be prelimnarily fornmed at the
dri ppi ngRAYUENSH, thiath thel el £s soppiied, | §s dshepedinnkdgt he(becess. 10
The target nucleotide chain T nay be | abelled with a fluorescent dye, or an
i nt er caltieort amyethenusiesbt de ¢ Bt CBl abecomss i sicospohad elineioly he
hybri di zed doubl estranded nucl eotide in such a manner that the intercal ator
i s insertmsbriadenttdr by dsywgenl bhihd. beTheen & hetbsess ofrehedsinet ecti ng
nucl eotide chain D and the target nucleotide chain T. Thereby, the

f | ubPesodniceh vidhvee| st ichied sthfget tovkedtidie thagrwBdeteAgthesi de, and

al so, based on the correlation between the fluorescence intensity and the
anount ofimiiasloal stertehedr¢precetng ntect pet ddabrasnr BAdedsbhs, 20
gquantitative detection is enabled. As the fluorescent dye used for the

i nt er calZ2Ek 2 mPPhenanygrg, SbFaRfe |i ke nay be sel ected. For exanple, it
is possible to confirmthe fact that a tarﬂet ucl eotide chain that is

conpl ement ar We&& it Y IBREAEAT g it st ded TPH TSN iy a narker

gene WhIJ.thctangular wave voltage several times, the nucleotide

15 chains D2 and T2 are brought close to each other stepwise,
the target nucleotide chain is moved back and forth, or the
reaction timing is adjusted.

The rectangular wave voltage is removed so that the
complementary strand formation reaction, i.e., hybridization,

20 Dbetween the linear target nucleotide chain T2 and the linear
detecting nucleotide chain D2 is carried out mainly based on
the Brownian movement. Furthermore, Fig. 1(E) briefly shows
a double-stranded reaction product (D2 + T2) formed by
hydrogen bonding between the complementary base sequence

25 portions of the chains D2 and TZ2.



.- 38 is known to be expressed when a particul ar di sease occurs is present
in the sanple solution 5 extracted froma given cell, or the like. As a
result, the occurrence of the disease in the cell is predicted. 5 In order
to read substrate information, the substrate 2 is irradiated with a | aser
beam (e.g., blue |laser beam to excite each reaction region R the
fluorescence intensity is detected by a detector (not shown in the

drawi ng), and the state of bonding reaction between the detecting

nucl eoti de 10 chain D and the | abellegktarget nucleotide chain is

determ ned. Lastly, the fluorescence intensities for the individual
reaction regions R are A/D converted and the distribution of bonding

ti t i s displ d, th f..a. t Cf i, lizati
TR R R RS I R N AT
d. di t of t . i ti il b i ith
oo ond BT oL ie st | AT N 1] o b s P

R

vi ew of “the "Sécti on shown 1 n

6(B) i i~ded An -t J t Q tecti
(9 1 P U0 A gt Stz i o 1, SR iy et 1

el ements’1 ch reacti'on regions R radially

Sxtend pRchol or ARG By uitly Al ddbpachedioayey dedacl ion surfaces

havi ng the sane structure as that of the detection surface

S of theedateet idhaleRMtankie il aneiiaV dih n PIBE] ef 1 peshb sl sd ance
t herebetween on the inner surface Y of one side in the | ongitudinal

di recti @hdofant e t@ete.orfibaatdersid esgeathere ghecslt ecsuom sgrdace S s
formed, positive and negative electrodes E3 and E4 are provided so as to
sandw ch rdaime oréaaiiicon flargican, Rind ridfersgec iy Sdd)jnsddsedquenad| y, the
groove-type detecting elenent 10 may be descri bed as a structure in which
t he cel lpantperdetreathiengleieerdtsranded miclkeoayde ¢maime(Qdbves The
positive electrodes E3 may be fornmed as a common el ectrode, and simlarly,
t hel fegatabes teldhc tarst S Eh eyt foraneh a2 $STPMBRC el eef roddocThae | s,
the positive electrode E3 and the negative el ectrode E4, which are common
15 el ecticdawpteny ussing ddwel nethrdal l el so as to face each other with the
reaction region R_therebetween. In such a structure, current can be

appl i ed by pFégsi AdFa mdeMse apiedis® ©of deda5d<ding A Radoe B and the

negative electrode E4 fromthe above. 20 The reaction regions, R, may be
formed iRRAULY N Shownt FEE FHeL T B ﬁ%ﬁe%’ﬁ“@h E?Jég%Fr’ég%ge?F\lgﬁch gr oove.

By O\ PR 7 O S LELP AR SRt B0, 60 ahsLt TR Epal TS

intf§3i%%éxygggif¥§§xﬁé¥kg%t{%r“é%‘g%&féWiydffﬁp££&Ey'For example,
a fluorescent intercalator may be used. The fluorescent
intercalator is incorporated into the hybridized, double-
stranded nucleotide chain so as to be inserted into the
hydrogen bond between the bases of the detecting nucleotide

20 chain D and the target nucleotide chain T. Thereby, the

fluorescence wavelength is shifted toward the long-
wavelength side, and also, based on the correlation between
the fluorescence intensity and the amount of fluorescent
intercalator incorporated into the double-stranded DNA,

25 quantitative detection is enabled. As the fluorescent dye



.- 40 Wen the groove-type detecting elenent 10 is enployed, it is possible
to feed a liquid using capillary action, or to use a |iquid-feeding process
in which the centrifugal force generated by rotating the disc-shaped
substrate in a 5 predeterm ned manner is utilized. Specifically, aliquid
pool 21 is provided in the center of the substrate 20, and the sanple
solution 5 (5') (refer to Fig. 4), a cleaning liquid used for renoving an
excess target substance which is not actively linked after 10 reacti on,
etc., isinjected into the liquid poopg2l. By rotating the substrate 20,
the Iiquid can be snoothly and reIiany fed fromthe central region of the

Zubstrate into the grooves (i.e., reaction regions R). In each of the
etecting el enent 1 of the substrate 2 5 and t roov p detectlng
elenentuf@dpr§ﬁ'&@§ G uare sqidt ridite s %EOHS fﬁi@’ B lize

differen tectin ubst anc for each detectlng elenent or for each
Fheedudt MEleRASRECERE posi ¢ onal | i

ggoup oh f fpo?]ltlonal informati on and the rotationa
synchroni atl n i,nfornation, of t t fl
gescribed beﬁ ﬁhﬁﬁtgﬁﬁ}ggssﬁlﬁe’ é§%$%1S%}ﬁ%%ﬁﬁég%bﬁ%%%ﬁgﬁugélgptycal
iscC ma terln roces in 2 (20
Assum n ltc-;nat"%t]he $ibs hreat er]j;»,éé’ %‘#ésjpasﬂe%%ﬁ%a CS?| ScC, %??%%g%?on (20).

5 product (double-stranded nucleotide chain) formed in the
reaction region R is adjusted to a structure that is not
folded, and thereby, accurate detection can be performed by
the optical means 4.

An example of a step of applying/removing a voltage

10 will now be described with reference to Fig. 2. This
example corresponds to the steps shown in Fig. 1(C) onward.
<Step &>

By placing a nucleotide chain in the electric field
formed by the application of a high frequency, high voltage,

15 induced polarization of the nucleotide chain is performed,
and thereby the nucleotide chain is stretched. Consequently,
in step a, by applying a high frequency, high voltage, the
target nucleotide chain Tl is stretched, and similarly the
detecting nucleotide chain D1 is stretched (refer to the

20 states shown in Figs. 1(C) and 1(D)).

Additionally, the optimum conditions for the high
frequency, high voltage, are considered to be 1 x 10% v/m,
and about 1 MHz (refer to Masao Washizu and Osamu Kurosawa:
"Electrostatic Manipulation of DNA in Microfabricated

25 Structures", IEEE Transaction on Industrial Application Vol.



.25 regions R(R) in which the liquid is dripped and detection - 41 is
performed correspond to user data regions. In the other region, synchronous
pits are arrayed by a sanple servo nethod, or the like, and the other
region is also used as a tracking servo. Furthernore, by inserting address
parts 5 (geographical addresses on the disc) imediately after the
synchronous pits, positional information is provided. The address part is a
conbi nation that begins with a sector mark which is a | eading pattern

foll owed by a VFO (Variabl e Frequencysfscillator) which controls the 10
rotational phase of the rotating disc, an address mark which shows the
starting position of address data, and an ID (ldentifier) including track
and sector nunbers. In _order. to perfaorma bioassay using the substrate 2
(20), prérelrsul ,'aﬁ“gﬂﬁg?éa%i?ﬁ¢§§Qﬁ;'ng at least the 15 fol | owi ng neans
and nechanis?g IS ggployed. That is, the apparatus (not shown in the

drawi ng) inc §&% | east a substrate rotating neans which rotatably hol ds

th bstrate, 2 (20): dri,ppi whi ch dr.i det j tid
chai ne cont ai REnGTBoHITRN SUaRELEN Bget SaePLetias R 20 HOhA ning
ai n- cont ai fiin Slaft& _ ;
i ng Wi STHEIRST 3R F ot Rl Ao BB RIMERdae o
m n e st . at by stfare
bt wBen S heETI S o) L RS bl 10 TRA S The CUnet P -2 (35) 25 and a

tracki ngSarwRGRanMSMAWIKds &l | s Hd & 5@t d PN vement 42re fBF Bo tO Dbe
dri pped accurately into the reaction region R (R ) of the substrate 2 (20)

based orHdewasd tdrial imfrrgmti gn jand rotational synchronization
i nformation provided fromthe substrate 2 (20). 5 Instead of using the

address pitsgsaegr essing may be perforned by a wobbl ed groove formed on the
track, in which positional information on the disc is obtained by adjusting

t he wobbl e sByaspipd ylawge ac lreck angfudramatvace aeddradjengrt o Hehepquoisi tveon.
Si mul t aneously, by using the wobbling frequency, 10 a tracking

ser ¥Onechardcmars, erfebltsEkgdfumisiremrisle byhdim M 2aigeibidih isestitiesstpits
and the wobbl ed groove, addressing and tracking servo control can be
per f or netl oA € adde atetiget By enptlgdthide hehaubsP? ate movwed 20y ahbet he
bi oassay 15 apparatus including the substrate, the bioassay nethod of the
present Gaidaih oiPueeh e Thafords ytaegsormeeleoridrarehaimafZ ia the
bi oassay substrate descri bed above, the foll ow ng, advant ages. can be
obt ai ned:OCAAd L 1 (IRPRINRATH oM TNA R¥PHLEbeaRLPRgYIERI hBR 20 the
I ntegr atc‘eotnecdtei rgeenuacrELdecEthiedeI r]cghe {r?tlljé)n(xdeepeszlr te/o a{r?e | gz\évocess from the
15 state shown in Fig. 1(D) to the state shown in Fig. 1(E)).
<Step &
The voltage is removed again, and the hybridization is
carried out mainly based on the Brownian movement (refer to
the state shown in Fig. 1(E)).
20 <Step e>
Next, by applying a rectangular wave voltage in the
negative direction, the target nucleotide T2 which is still
not close to the detecting nucleotide D2 is moved (refer to
the process from the state shown in Fig. 1(D) to the state

25 shown in Fig. 1(E)).



- in the DNA chip itself, the anmount of analysis that can be achieved in one
assay is insufficient. Therefore, it is difficult for the user to freely
set the types and nunbers of detecting substances and furthernore the

al l ocation 25 (grouping) of the substances. - 43 In the conventional DNA
chip, since the nucleotide chain which is prelimnarily imobilized on the
surface of the substrate and which is used for detection is not necessarily
held linearly, the accuracy in hybridization 5 with the target nucl eotide
varies due to steric hindrance, etc-,2gnd a long period of tine is required
for the reaction. Furthernmore, in the conventional DNA chip in which DNA
probes which are different in Tm(nelting Tenperature) or GC content, as
detecting substances, are arrayed on the two 10 di nensional surface of the
substrat e, dﬁ%tFB g?posure to the sane hybridization conditions and

I [ pti t he,risk that. fal ifi f al ti, | t
ar e shown | 5 TREGROTERSEorter FSMOUEH 2020 daRS \alth TWiRS 161 GAISEP dibst rate
15 of t : t . Nt t he foll.ow t advant b
obt ai ned R naton il &P BF st e BrohE RO R TR, B nce
| arge quapyi yataencgﬂ(?%geirp her P@E)dﬁt ecting elenents can be forned, a

| ar ge accumnul ation of recor " i'nformation
5 <Step g>

By applying a rectangular wave voltage in the positive
direction again, the target nucleotide chain T2 which is
still not close to the detecting nucleotide chain D2 is
moved (refer to the process from the state shown in Fig.

10 1(D) to the state shown in Fig. 1(E)).

<Step h>

The voltage is removed again, and the hybridization is
carried out mainly based on the Brownian movement (refer to
the state shown in Fig. 1(E)).

15 <Step i>

By applying a rectangular wave voltage in the negative
direction again, the target nucleotide T2 which is still not
close to the detecting nucleotide D2 is moved (refer to the
process from the state shown in Fig. 1(D) to the state shown

20 in Fig. 1(E)).

<Step Ij>

The voltage is removed again, and the hybridization is
carried out mainly based on the Brownian movement (refer to
the state shown in Fig. 1(E)).

25 <Step k>



- 20 is enabled. (2) An electric field is applied to a detecting nucl eotide
chain which is imobilized on the detection surface of the detecting

el enent so that the nucleotide chain is linearly stretched, and then a
sanpl e solution 25 containing a target nucleotide chain is accurately

dri pped - 44 into the reaction region of the detecting el ement. Thereby,
hybridi zation is carried out between the detecting nucleotide chain and the
target nucl eotide chain. Consequently, hybridization can be perfornmed
efficiently 5 over a short period of 49 me. (3) Since an assay can be
performed by selecting optinmal reaction conditions, etc., for each
detecting el enent or for each group of detecting el enents, the incidence of

f al it f t be 1 bI d.
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can be u or the analysi's of “gene nutations, ucl eoti de

pol ygror phi sy ; 20 §Q§b¥ét5tog€ﬂé 8¥XBpess QP ﬁ&%ﬁ%ﬁ%}ﬁo?f@ﬁ y¢he, etc., and
al so can be used extensively for the deve 8pnent of new drugs, cI|n|caI

di agnoswctahgﬁwzog@%mv@a,ta%@r eRYLC MG GFg¥hoAGtdl heled i ds. 25
I ndustrial Applicability - 45 The present i nvention have the foll ow ng

speci fi eindrgninagedes sefikbetied ofldete ririedd ergsad TR} hd t0fe kiAsSSay
apparatus of the present invention, by controlling the timng of the
el ectri ofStheelrdatatimat paoduata tiedet ihamdlegi .on Mo \wtdgd an diheirtet ecti ng
el enment, the efficiency of the interaction between a detecting substance
and a t asgebtsubstidece tion thiee oneacteisanr ibegi abwan b&hefimameesnand it is
possible to control the reaction timng. 10 (2) The present invention is
paﬂﬂ}cuaadlyhgsgbamag@rmay be appropriately determined depending on
the purpose.
A biocassay substrate usable in the present invention
and a bioassay apparatus associated with the substrate will
now be described.
15 Fig. 3 is a perspective view showing the appearance of
a bioassay substrate provided with many detecting elements
with a predetermined structure. Fig. 4 is an enlarged
perspective view showing a "detecting element" provided on
the substrate in a preferred embodiment. It is to be
20 understood that the substrate usable in the present
invention is not limited to the one shown in the drawing.
A bioassay substrate 2 shown in Fig. 3 includes a base
plate for a disc-shaped substrate (disc) which is used for

an optical information recording medium, such as CD, DVD, or

25 MD. That is, in the substrate 2, recorded information can



. bi oassay net hods based on DNA chi ps and bi osensor chips, and can be used
for the analysis of gene nmutations, SNP (single nucleotide polynorphism
anal ysi s, gene expression frequency analysis, etc., and al so can be used
extensively for the 15 devel opnent of new drugs, clinical diagnosis,

phar macogenom cs, forensic nedicine, and other fields. Furthernore, the
present invention can be used for the testing of antibody-antigen
reactions, the assay of endocrine disrupters, etc. 20 - 46 CLAIMS 1. A
bi oassay net hod conprising detecting g Lnteraction between substances by a
detecting elenent, the detecting 5 elenent conprising at |east: a detection
surface which is surface-treated for imobilizing a detecting substance; a
reaction region which provides a field for interaction between the

det ecti R§ S&5St &Mtd Geinobi | i zed on 10 the detection surface and a target

subst ance; an _electric field-fqormn ich for n electric
field in thegggagﬁFSnp 8§Fon™ EﬁcgpﬁFyF &pgsﬁﬁfgﬁ?ﬂ%aﬁﬁ% e in the
reaction ne erein the neth rlses at |.east a 8 of turning 15
on/of f thé oé’cftrp YSRHRP YO ra ghysg‘iryr? el Yt ?h e]flse’f%a? \L‘)Jrﬁ: ng means at

a pr edet,_,%r Tnn%il td mcndg1 s déilﬁﬁ O‘farge %l%aac%& %ngéf kgf?l m 1, wherein

t he detectlng SuBst ance “an (nce ar€ nuc
5 injection-moldable synthetic resin, is formed into a disc.

By using an inexpensive synthetic resin substrate, a low

running cost can be achieved compared to the conventionally

used glass chip. A hole (not shown in the drawing) for

fixing a spindle which is used for rotating the substrate
10 may be formed.

An evaporated aluminum layer 1s formed on one surface
of the substrate 2 at a thickness of about 40 nm, and the
layer functions as a reflecting film. In the reflecting
film, the surface reflection is 4% or more from the base

15 plate with a refractive index of 1.5 or more. A light-
transmitting layer composed of a transparent glass,
transparent resin, or the like is deposited on the
reflecting layer.

Additionally, when the base plate is composed of a

20 material with a high reflectance, it is not always necessary
to form the reflecting film because the surface of the base
plate itself functions as a reflecting surface. If a high-
reflectance film, such as a metal film, is formed, the
fluorescence intensity of a fluorescently labelled target

25 substance can be detected with high sensitivity. The



. 20 chains, and the interaction is a hybridization. 3. A bioassay nethod
according to Gaim2, further conprising the steps of: formng an electric
field so as to stretch the 25 detecting nucleotide chain inmobilized on the
detection - 47 surface at the end; subsequently adding the target

nucl eotide chain into the reaction region; subsequently formng an electric
field so as to 5 relatively nove the detecting nucl eotide chain and the
target nucleotide chain in the reaction region; and subsequently perform ng
the hybridization with the electric-field being renoved. 10 4. A bi oassay
apparatus conprising a detecting elenent, the detecting el enment conprising
at least: a detection surface which is surface-treated for immbilizing a
detecting substance; a _reaction region which provides a fig%d for 15

' he detection

i nt er acfede Hetlfednd b eddre@s mf HEm & iR YR SER th

surface and a_ target substance: .and an el [ [ - i '
can forﬁqﬁyribed.%bove also apply to a(%u(égfé%£If%cuﬁfgﬂnéghfm@gs whi ch

described below (refer to Fig. 6).
Many detecting elements 1 are arrayed on the light-

5 transmitting layer so as to extend radially from the
peripheral region of the center of the substrate 2 when
viewed from above. Fig. 4 is an enlarged perspective view
showing one of the cell-type detecting elements 1. With
respect to the detecting elements 1, a case in which both

10 the detecting substance and the target substance are single-
stranded nucleotide chains will be described as a typical
example. However, it is to be understood that the reaction
substances detected by the detecting elements 1 are not
limited thereto.

15 The reaction element 1 includes a detection surface S
which is surface-treated for immobilizing the ends of
detecting nucleotide chains represented by symbol D, a
positive electrode El and a negative electrode E2 for
forming an electric field to stretch the detecting

20 nucleotide chains D preliminarily immobilized on the
detection surface S, and a reaction region R which provides
a field for hybridization between the detecting nucleotide
chains D and target nucleotide chains T. In this example,
the reaction region R is formed as a cell which opens toward

25 the top and which is rectangular when viewed from above, for



electric field in the reaction region by applying a potential difference
and which can turn on/off the electric 20 field formation at a
predetermned timng. 5. A bioassay substrate conprising a detecting

el enment provided on a di sc-shaped substrate from which recorded infornmation
can be optically read, the detecting element 25 conprising at |east: - 48
(1) a detection surface which is surface-treated for imobilizing an end of
a detecting nucleotide chain; (2) positive and negative el ectrodes for
formng an electric field to stretch ghe detecting nucleotide chain 5

i mmobi i zed on the detection surface; and (3) a reaction region which
provides a field for hybridization between the detecting nucleotide chain
and a target _nucl eotide chain.

o7, 2 Largel el gl de chaln, A0 o APLOSR SHONI S SRALIT K0
ol | -1y Fe iR &t 130 o1 oA e 14 Y AP ATE S E e Subet Tt o. 15
oot S R LUR UR L 0o S e
di'sc- shaped %HQSE%%%%tion surface S is placed on the inner surface
5 of the negative electrode E2 side facing the reaction region
R. The detection surface S is suitably surface-treated so
that the end of the detecting nucleotide chain D can be
immobilized thereon by chemical bonding, such as coupling.

That is, the detection surface S is not particularly

10 limited as long as it is surface-treated so that the
preliminarily processed end of the detecting nucleotide
chain D, such as a DNA probe, can be immobilized. For
example, a detection surface S which is surface-treated
which streptavidin is suitable for immobilization of the end

15 of a biotinylated nucleotide chain.

A preferred method for immobilizing the detecting
nucleotide chain on the detection surface S will be
described below. By applying a nonuniform electric field to
the reaction region R, the detecting nucleotide chain (which

20 is liberated in the reaction region R) obtained by the
action of the electric field moves toward the detection
surface S in which the electric lines of force are
concentrated, and the end portion of the detecting
nucleotide chain impacts against the detection surface S.

25 Consequently, the detecting nucleotide chain can be reliably



20 8. A bioassay substrate according to Caim?7, wherein different
detecting nucl eotide chains are immobilized for each cell-type detecting

el enent or for each group of cell type detecting elenments. 25 9. A bi oassay
substrate according to Caim5, wherein the - 49 reaction region of the
detecting elenent is provided in each of the grooves radially extending on
t he di sc-shaped substrate, and the detection surface is placed on an inner
surface of the groove. 5 10. A bioassay substrate according to Caim?9,
wherein different detecting nucl eotidg3chains are i mmobilized for each
groove or for each group of grooves. 10 11. A bioassay substrate according
to daim5, further conprising a means for providing t he positional

i nfornat,i on of t he det ion surface SI rotation S nchronlzatlon
i nfor natlF“B‘r‘? lfézf’? °R %t? aa&ec di rﬁ’ ‘%ra B %herein the

13. A biBksshy Ssl “;?Pai?da%%%ﬁ’o engrtmied‘é’afeias B GRS B Ao suvstrate
50 L S A B K L e
tenpera&%%%es% t%h% power supply for applying power to the positive

5 electrode E1 and the negative electrode E2.

In Fig. 4, reference numeral 4 represents a tip of a
nozzle for dripping a sample solution 5. The nozzle 4 is
constructed so that the sample solution 5 containing the
detecting nucleotide chain D and a sample solution 5'

10 containing the target nucleotide chain T are dripped into
the position of the reaction region R by accurate tracking
based on the positional information and rotational
synchronization information provided by the substrate 2.

As the dripping means, an ink-jet printing method is

15 preferably used. The reason for this is that a microdroplet
can be accurately dripped into the predetermined reaction
region R site (which also applies to a substrate 20
described below).

The "ink-jet printing method" is a method in which a

20 nozzle used in an ink-jet printer is applied, and in which,
using electricity, a detecting substance is ejected from a
printer head and then is fixed, as in the ink-jet printer.
Examples of the method include a piezoelectric ink-jet
method, a bubble jet (registefed trademark) method, and an

25 ultrasonic jet method.




reaction. 25 14. A bioassay substrate according to Claim5, wherein - 50

the hybridization is detected by an intercal ator.
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droplet can be decreased. When the curvature radius of a

droplet is large, the size of the droplet can be increased.

25 By rapidly changing the pulse in the negative direction, the
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5 surface S with the bases being folded (refer to Fig. 1(A)),
during hybridization with target nucleotide chains T which
are dripped afterward, problems, such as steric hindrance,
occur, and the reaction efficiency is low.

Therefore, based on the bioassay method of the present

10 invention, power is applied to the positive and negative
electrodes El and E2 to cause a potential difference in the
reaction region R, and thereby an electric field is formed
in the liquid phase (a salt solution) stored in the reaction
region R so that the detecting nucleotide chain D and the

15 target nucleotide chain are stretched linearly (straight)
along the electric field.

Since steric hindrance, etc. is relieved, complementary
base sequences easily come close to each other, and hydrogen
bonding (complementary bonding) between bases of the

20 linearly stretched detecting nucleotide chain D and the
target nucleotide chain T which is labelled with a
fluorescent dye or the like takes place efficiently.

That is, the hybridization reaction between the
detecting nucleotide chain D and the target nucleotide chain

25 T is carried out efficiently. Consequently, hybridization
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reaction time is shortened and the probability thnat false
positive or false negative results are shown during reading
is decreased, which is preferable.
Fig. 5 is an enlarged schematic diagram which shows the
5 detection surface S and its vicinity of the reaction region
R of the detecting element 1. Fig. 5 schematically shows a
state in which a detecting nucleotide chain D of which end
is immobilized on the detection surface S and a target
nucleotide chain T having a base sequence that is
10 complementary to the base sequence of the detecting
nucleotide chain D are hybridized to form a double strand.
The reaction region R (or a reaction region R' which
will be described below) may be filled with a phase change
material, such as an agarose gel, which can undergo a
15 reversible phase change between gel and sol (not shown in
the drawing). In this embodiment, it is possible to carry
out a procedure in which the phase change material is
solated under high temperatures; a voltage is applied in
this state to array nucleotide chains, such as DNA; the
20 phase change material is gelated by decreasing the
temperature; and furthermore, the phase change material is
solated under optimal temperature conditions for the
reaction during hybridization. If the phase change material

is allowed to maintain the gelated state during

25 hybridization, hybridization can be performed while the
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5 successfully when the sample solution 5' containing the
target nucleotide chains T is dripped into the detecting
element 1. Therefore, as in electrophoresis, a longitudinal
recess may be preliminarily formed at the dripping point so
that the sample solution is dripped into the recess.
10 The target nucleotide chain T may be labelled with a
fluorescent dye, or an intercalator may be used. The
intercalator is incorporated into the hybridized double-
stranded nucleotide in such a manner that the intercalator
is inserted into the hydrogen bond between the bases of the
15 detecting nucleotide chain D and the target nucleotide chain
T. Thereby, the fluorescence wavelength is shifted toward
the long-wavelength side, and also, based on the correlation
between the fluorescence intensity and the amount of
intercalator incorporated into the double-stranded DNA,
20 quantitative detection is enabled. As the fluorescent dye
used for the intercalator, POPO-1, TOTO-3, or the like may
be selected.
For example, it is possible to confirm the fact that a

target nucleotide chain that is complementary to the

25 detecting nucleotide chain D containing a marker gene which
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is known to be expressed when a particular disease occurs is
present in the sample solution 5' extracted from a given
cell, or the like. As a result, the occurrence of the
disease in the cell is predicted.

5 In order to read substrate information, the substrate 2
is irradiated with a laser beam (e.g., blue laser beam) to
excite each reaction region R, the fluorescence intensity is
detected by a detector (not shown in the drawing), and the
state of bonding reaction between the detecting nucleotide

10 chain D and the labelled target nucleotide chain is
determined. Lastly, the fluorescence intensities for the
individual reaction regions R are A/D converted and the
distribution of bonding reaction rates is displayed on the
screen of a computer C for visualization (which also applies

15 to the substrate 20 described below).

A substrate in a second embodiment of the present
invention will now be described with reference to Figs. 6(A)
and 6(B). Fig. 6(A) is a top plan view of a substrate 20 in
the second embodiment, and Fig. 6(B) is an enlarged plan

20 view of the section X in Fig. 6(A).

The substrate 20 shown in Fig. 6(A) and 6(B) is
provided with groove-type detecting elements 10. The
detecting elements 10 are formed as grooves in which
reaction regions R' radially extend on a disc-shaped

25 substrate. In each groove, detection surfaces S', each
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the groove-type detecting element 10 may be described as a
structure in which the cell-type detecting elements 1 are

10 arrayed in the groove.

The positive electrodes E3 may be formed as a common
electrode, and similarly, the negative electrodes E4 may be
formed as a common electrode. That is, the positive
electrode E3 and the negative electrode E4, which are common

15 electrodes, may be placed in parallel so as to face each
other with the reaction region R' therebetween. In such a
structure, current can be applied by pressing a needle probe
to the positive electrode E3 and the negative electrode E4
from the above.

20 The reaction regions R' may be formed in pits (not
shown in the drawing) which are arrayed in each groove. By
dripping microdroplets into the reaction regions in the pits,
it is possible achieve substantially the same spot size, and

the fluorescence intensity can be detected with high

25 reproducibility.



s10% & () -G dEbC9$! "1 10% & ()- 10%& ()-10%& ()-10%& ()-10%& ()-

10% &' ()-' FRPAEbC9S$-! 10% &' ()-+ ! 10%& ()-*!10%& ()-

(10% &' ()- @10% & ()- $10%& ()-?T]dE:/ 10z

10zL910% & ()-1710%& ()-&5 !10%& ()-310%& ()-110%& ()-/F

10% & ()-ErP./! L&S10YEES () -! XL&S10%EES () -! L&SI0YEYEYR' () -" 10%E&' () -! " 10%&
'()-L@10%& ()- 10z@\BCJzl ~P1! sSML0% & ()- 10 10 10'L ($10%& ()-!jL
($109XX& ()-'L ($10v%@@& ()-L&$10%& ()-J];

3| Z8"P1! ! x9$10%& ()-s! 9$10%=& ()-s! ~9$10%z& ()-s"10%& ()-!"10%" & () -
"10%r& ()-9 XYZ[b}rg\=I'1sSMLO%Q& ()-"10z& 10z&

10z81$10%&&' ()-!1$10%&' ()-9%$10% & ()-s! 69$10%& () sh_CAzzX9g\ =! | #10%go&' ()
-z #109%&' () -z9%$10%& ()-! ~9$10%&' ()-! "10%gg& () -

"109KK&' () - zPukngthe! gBbo0TRYDPE- débgctdng element 10 is employed,
10g1$109%0& () -!1$10%j & ()-3(!10%g& ()-!3(! 10%& ()-awx6g\=!!$10%& ()-$10%E
& (%;I$1®%&s( pos@PIevins fepdtla, Sk, &ngIqegiowgy )agiicn/ e @ ! @10
%8 10z 10z

1023$10%2&Er- 31084 feetiony &OCSr) g &W%%W&)@nf@lﬂ%b% & ()-%!6
s$10%& () - $! xs$10%&' () S$10%& ( ) $s$109& () - $' ~s$10

& () - $vEprre pE i mdi);d@ct—)s aﬂfzqosubstrate in a

10! 1z#109%&' () - ! Ns$10%& ) - $2X9r P | MPA0YR ()-! nmPd0%#& ()-!inmd0%-& ()-!nd
0%&: ¥ ) - PEFECHETEN s FFH 6ok 1) Ut Y 77595& 1@ 10%& ()-M 10%& ()-Ly 10%)z&' ()-

10 10 Specifically, a liquid pool 21 is provided in the
center of the substrate 20, and the sample solution 5 (5")
(refer to Fig. 4), a cleaning liquid used for removing an
excess target substance which is not actively linked after

10 reaction, etc., is injected into the liquid pool 21. By
rotating the substrate 20, the liquid can be smoothly and
reliably fed from the central region of the substrate into
the grooves (i.e., reaction regions R').

In each of the detecting element 1 of the substrate 2

15 and the groove-type detecting element 10 provided on the
substrate 20, it is possible to immobilize different
detecting substances D for each detecting element or for
each group of detecting elements.

The positional information and the rotational

20 synchronization information of the substrate 2 (20) will be
briefly described below. Many address pits are
preliminarily formed by an optical disc mastering process in
the rotation direction of the substrate 2 (20). Assuming
that the substrate 2 (20) is an optical disc, the reaction

25 regions R (R') in which the liquid is dripped and detection
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is performed correspond to user data regions. In the other
region, synchronous pits are arrayed by a sample servo
method, or the like, and the other region is also used as a
tracking servo. Furthermore, by inserting address parts

5 (geographical addresses on the disc) immediately after the
synchronous pits, positional information is provided.

The address part is a combination that begins with a
sector mark which is a leading pattern, followed by a VFO
(Variable Frequency Oscillator) which controls the

10 rotational phase of the rotating disc, an address mark which
shows the starting position of address data, and an ID
(Identifier) including track and sector numbers.

In order to perform a bioassay using the substrate 2

(20), preferably, an apparatus including at least the

15 following means and mechanisms is employed. That is, the
apparatus (not shown in the drawing) includes at least a
substrate rotating means which rotatably holds the substrate
2 (20); a dripping means which drips a detecting nucleotide
chain-containing solution 5 and a target nucleotide chain-

20 containing solution 5' into the reaction region R (R') at a
predetermined sequence and timing while the substrate 2 (20)
is being rotated by the substrate rotating means; a focus
servo mechanism for maintaining a certain distance between

(a nozzle of) the dripping means and the substrate 2 (20);:

25 and a tracking servomechanism which allows the solutions 5
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10% & ( )R\ prd¥ke submtrate 2 (20) based on the positional
information and rotational synchronization information
provided from the substrate 2 (20).

5 Instead of using the address pits, addressing may be
performed by a wobbled groove formed on the track, in which
positional information on the disc is obtained by adjusting
the wobble so as to have clock information according to the
position. Simultaneously, by using the wobbling frequency,

10 a tracking servomechanism is enabled. Furthermore, by
forming both the address pits and the wobbled groove,
addressing and tracking servo control can be performed more
accurately.

By employing the substrate 2 or 20 and the bioassay

15 apparatus including the substrate, the bioassay method of
the present invention can be favorably performed.

In particular, in the bioassay substrate described
above, the following advantages can be obtained.
That is, in the conventional DNA chip technology, since

20 the integration degree and the integration density are low
in the DNA chip itself, the amount of analysis that can be
achieved in one assay is insufficient. Therefore, it is
difficult for the user to freely set the types and numbers
of detecting substances and furthermore the allocation

25 (grouping) of the substances.
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In the conventional DNA chip, since the nucleotide
chain which is preliminarily immobilized on the surface of
the substrate and which is used for detection is not
necessarily held linearly, the accuracy in hybridization

5 with the target nucleotide varies due to steric hindrance,
etc., and a long period of time is required for the reaction.

Furthermore, in the conventional DNA chip in which DNA
probes which are different in Tm (melting Temperature) or GC
content, as detecting substances, are arrayed bn the two-

10 dimensional surface of the substrate, due to exposure to the
same hybridization conditions and cleaning conditions, the
risk that false positive or false negative results are shown
is high.

In contrast, in accordance with the bioassay substrate

15 of the present invention, the following great advantages can
be obtained.

(1) In.the bioassay substrate of the present invention,
since large quantity and large number of detecting elements
can be formed, a large accumulation of recorded information

20 is enabled.

(2) An electric field is applied to a detecting
nucleotide chain which is immobilized on the detection
surface of the detecting element so that the nucleotide
chain is linearly stretched, and then a sample solution

25 containing a target nucleotide chain is accurately dripped
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into the reaction region of the detecting element. Thereby,
hybridization is carried out between the detecting
nucleotide chain and the target nucleotide chain.
Consequently, hybridization can be performed efficiently

5 over a short period of time.

(3) Since an assay can be performed by selecting
optimal reaction conditions, etc., for each detecting
element or for each group of detecting elements, the
incidence of false positive or false negative results can be

10 remarkably decreased. Consequently, in the biocassay

| substrate, it is possible to carry out analyses extensively,
efficiently, and highly accurately, and moreover, the cost
for recorded information is low.

(4) The bioassay substrate of the present invention is

15 particularly useful as a DNA chip or biosensor chip. It is
also possible to provide a disc-shaped microchannel array
with a novel structure. The substrates of the present
invention, as DNA chips, can be used for the analysis of
gene mutations, SNP (single nucleotide polymorphism)

20 analysis, gene expression frequency analysis, etc., and also
can be used extensively for the development of new drugs,
clinical diagnosis, pharmacogencmics, forensic medicine, and

other fields.

25 Industrial Applicability
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The present invention have the following specific
advantageous effects.
(1) In the biocassay method or biocassay apparatus of the
present invention, by controlling the timing of the electric
5 field formation in a reaction region provided on the
detecting element, the efficiency of the interaction between
a detecting substance and a target substance in the reaction
region can be improved, and it is possible to control the
reaction timing.
10 (2) The present invention is particularly useful for
bioassay methods based on DNA chips and biosensor chips, and
can be used for the analysis of gene mutations, SNP (single
nucleotide polymorphism) analysis, gene expression frequency
analysis, etc., and also can be used extensively for the
15 development of new drugs, clinical diagnosis,
pharmacogenomics, forensic medicine, and other fields.
Furthermore, the present invention can be used for the
testing of antibody-antigen reactions, the assay of

endocrine disrupters, etc.

20
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CLAIMS

1. A bioassay method comprising detecting an interaction
between substances by a detecting element, the detecting
element comprising at least:

a detection surface which is surface-treated for
immobilizing a detecting substance;

a reaction region which provides a field for
interaction between the detecting substance immobilized on
the detection surface and a target substance; and

an electric field-forming means which forms an electric
field in the reaction region by applying a potential
difference in the reaction region,

wherein the method comprises at least a step of turning
on/off the electric field formation by the electric field-

forming means at a predetermined timing.

2. A bioassay method according to Claim 1, wherein the
detecting substance and the target substance are nucleotide

chains, and the interaction is a hybridization.

3. A biocassay method according to Claim 2, further
comprising the steps of:
forming an electric field so as to stretch the

detecting nucleotide chain immobilized on the detection

. 10%2& ()-&10%& () - @10%& ()- FF10%& () -~ TdEbC

10z
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surface at the end;

subsequently adding the target nucleotide chain into
the reaction region;

subsequently forming an electric field so as to
relatively move the detecting nucleotide chain and the
target nucleotide chain in the reaction region; and

subseqguently performing the hybridization with the

electric field being removed.

4. A bioassay apparatus comprising a detecting element,
the detecting element comprising at least:

a detection surface which is surface-treated for
immobilizing a detecting substance;

a reaction region which provides a field for
interaction between the detecting substance immobilized on
the detection surface and a target substance; and

an electric field-forming means which can form an
electric field in the reaction region by applying a
potential difference and which can turn on/off the electric

field formation at a predetermined timing.

5. A bioassay substrate comprising a detecting element
provided on a disc-shaped substrate from which recorded
information can be optically read, the detecting element

comprising at least:
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(1) a detection surface which is surface-treated for
immobilizing an end of a detecting nucleotide chain;

(2) positive and negative electrodes for forming an
electric field to stretch the detecting nucleotide chain
immobilized on the detection surface; and

(3) a reaction region which provides a field for
hybridization between the detecting nucleotide chain and a

target nucleotide chain.

6. A bioassay substrate according to Claim 5, wherein the
detecting element is a cell-type detecting element in which
the detection surface is placed on one surface, and a
plurality of cell-type detecting elements are arrayed on the

disc-shaped substrate.

7. A bioassay substrate according to Claim 3, wherein the
cell-type detecting elements are arrayed radially, when

viewed from above, on the disc-shaped substrate.

8. A bioassay substrate according to Claim 7, wherein
different detecting nucleotide chains are immobilized for
each cell-type detecting element or for each group of cell-

type detecting elements.

9. A bioassay substrate according to Claim 5, wherein the

10T
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reaction region of the detecting element is provided in each
of the grooves radially extending on the disc~-shaped
substrate, and the detection surface is placed on an inner

surface of the groove.

10. A bioassay substrate according to Claim 9, wherein
different detecting nucleotide chains are immobilized for

each groove or for each group of grooves.

10 11. A bioassay substrate according to Claim 5, further
comprising a means for providing the positional information
of the detection surface site and rotational synchronization

information.

15 12. A bioassay substrate according to Claim 11, wherein
the means comprises a wobbled groove or address pits

provided on the substrate.

13. A bioassay substrate according to Claim 5, wherein
20 the reaction region is filled with a material which can
undergo a reversible phase change between gel and sol at
between room temperature and the optimal temperature for the

reaction.

25 14. A bioassay substrate according to Claim 5, wherein
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the hybridization is detected by an intercalator.



