20 November 2006 DESCRI PTI ON Bl OASSAY METHOD, BI CASSAY APPARATUS, AND

Bl OASSAY . SUBSTRATE Techni cal Field The present inventhgideldbesookO

bi oassay net hods, bioassay apparatuses, and bi oassay substrates which are
particularly useful in the bioinformatics (life information science)

field. Background Art The main conventional techniques which are related to

the present invention will be descrpdhgekheiew Currently, integrated
substrates for bioassays, i.e., so-called DNA chips or DNA m croarrays,

(her ei naf Bepaseher Mednoby asoABNAvchppsRhrTusn BmhDChIsEbesy edURPAARASE

m croarrayed by mcroarray technol ogy, have been used for the anal ysis of
gene nutations, SNP (single nucleotide polynorphisnm) analysis, gene
expression analysis, etc., and have also started to be used extensively
for the d&eehopoent Foeldew drugs, clinical diagnosis, pharnmacogenom cs,
forensic nedicine, and other fields. The DNA chips are characterized in
that it is pos§PbPESEENEXLBHENEP) #RARY2E [AtbindPecylBethPAferactions,

s 22 MESLLLE9! s DEEaNSesHa' L sUs o LyPEs a0 ogag aLger of DA

ol i gonmer chai ns, conplrénentary
particularly useful in the bioinformatics (life information

science) field.

Background Art
The main conventional techniques which are related to
the present invention will be described below.

Currently, integrated substrates for bicassays, i.e.,
so-called DNA chips or DNA microarrays, (hereinafter 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 analysis, etc., and have also
started to be used extensively for the 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 DNA oligomer chains, cDNA

(complementary DNA), etc., can be




4

‘the length i5s

2 integrated on glass substrates or silicon substrates. One exanple of
anal ytical nmethods using DNA chips will be briefly desgmhe gpim&y That
is,. PCR anplification is perforned in which nRNA extracted fromcells,
tissues, etc., 5 is incorporated by reverse transcription-PCR or the li ke
i nt o DNA probes solid-phased on a gl ass substrate or silicon substrate,
and hybridization is perforned on the substrate. Fluorescent |ight
measurenment is then carried out with a suitable detector. 10 DNA chips can
be classified into two types. In the- 2ifst type of chip, oligonucleotides.
are synthesized directly on a given substrate using photolithography by
appl yi ng seniconductor exposure technol ogy. A typical exanple is the one
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into DNA probes solid-phased on a glass substrate or silicon

substrate, and hybridization is performed on the substrate.

£ .
-<j’ Fluorescent light measurement is then carried out with a

sultable detector.

10 - DNA chips. can.be classified into two types. _In;the.mm.
| first type of chip, oligonucleotides are synthesized
directly on a given substrate using photolithography by
applying semiconductor exposure technology. A typical
example is the one manufactured by Affymetrixz, Inc., U.S.A.
15 (for example, refer to U.S. Patent No. 5,445,934). 1In this
type of chip, although the integration degree is high, DNA
(ﬁ? - -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). In this type of chip, although the
integrafion degree is lower than thatlof the former type, it

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




20 November 2006 3 Recent |y, biosensor technol ogy has been advanC|ng, in
- which a selected detecting substance is solid-phased ony odﬁnﬁ%ﬁﬁﬁ%eCt'on
surface site provided on a thin plate, which is referre to as a bi osensor
chip, such as a protein chip, 5 and a m crovol unme of solution containing a
target substance is allowed to flow toward the detecting substance, and
‘then the interaction between the two substances is observed and anal yzed
based on the surface plasnon resonance principle, quartz crystal
oscillator principle, or the like. Thigs =10 technol ogy is becom ng useful
foranal yzi ngi nteracti ons between substances, such as anti body-antigen
reactions and hornDne responses. In the conventional DNA chip technol ogy

and bi osensor_ tec , however, .interactions between substances, such
15 as hybri diBRfS ¥fe (RIS AU S DREY AT REPT SEBHAI rar'@ carri ed
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is allowed to flow toward the detecting substance, and then
. the interaction between the two substances is observed and
(i; anélyzed based on the surface plasmon resonance principle,
quartz crystal oscillator principle, or the like. This
~—-10 . technology is becoming-useful for analyzing interactions. - ... . .
between substances, such as antibody-antigen reactions and
hormone responses.
In the conventional DNA chip technology and biosensor
technology, however, interactions between substances, such
15 as hybridization reactidns and antibody-antigen reactions,
are carried out by soclid-phasing (immobilizing)} detecting
\g} nucieotide 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 movemenﬁ of the reaction products under not
' necessa;ily 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 conventionai DNA'chip

25 technology and biosensqr‘techﬁology have-technical-probléms,




25 technol ogy and bi osensor technol ogy have technical problens, 20 Novenber
2006 4 i.e., lowinteraction efficiency and |ong reaci ol ehitdE2006
Furthernore, in the known DNA chips, etc., sanple solutions are only

dri pped onto predeternined spot sites (detection regions) on substrates,
and no devices are used to relatively align the target substances
contained in the sanple solutions andg t.he detecting substances

i mmobi li zed on the spot sites. Enbodi ments of the present invention provide

a bioassadyenpt hod, iatbraassay appacatHsy and dohhoassayiosubsheate that
can be advantageously used in the bioassay nethod and the bioassay
apparatus, in Whirtherbpregohhrohki RgowheDsheehtips, féetd, f oampiéon in the
reaction region where an interaction between substances, such as a
hybri di zaspéntipsscarei edlputiriphbeddeneot pngdetbshanegd sant $heetar get
substance are relatively aligned with each other, and the structures of
t he subst dA€&schienagpusord) onhsvkbyraheseasndgnt heeeitesi @aney of the
interaction. Disclosure of Invention In order to overcone the technical
probl ens VY8eScEPbsdlabavelyi albde hBpetarottt hebprasens ¢oweatned, the
foll owi ng,"bi passay method" is provided. Additionally, in the present

i nvent i onnt hBet 8fRPLlepFaldkigns wppdl Yheaedntest betienileataners ysi s based on

immobilized on the spot sites.

Embodiments of the present invention provide a
biocassay method, a biocassay apparatus, and a bioassay
substrate that can be advantageocusly used in the bioassay
method and the bioassay apparatus, in which, by

“controlling the electric field formation in the reaction -
region where an interaction between substances, such as a
hybridization, is carried out, the detecting substance
and 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

In order to overcome the technical problems
described above, in one aspect of the present invention,
the following "bioassay method" is provided;
Additidnally, in the present. invention, the.term
"bicassay" widely means biochemical analysis based on

interactions between substances, such as hybridizations.




i nteractions between substances, such as hybridizations. 20 Novenber 2006

- 5 According to a first aspect of the present inventiRNovehiber S0deS

provi ded a bi oassay nmethod conprising detecting an interaction between
subst ances by a detecting elenent, the detecting el enent conprising at

| east: a detection surface which is surface-treated for immobilizing a
detecting substance; a reaction regiors Wwhich provides a field for
interaction between the detecting substance imobilized on the detection
surface and a target substance; and an electric field-form ng neans which
forms an electric field in the reaction region-by-applying a non-biased AC
electric fiehd-arihe agt i eqi rej h jses the
steps of: transportPnggt%efggfgegsggggrggcgh%yﬁggﬁgﬁ%nggyﬁgg?%%h-biased AC
electric fiiette appbydNPdédea B0 SSEndGo®! &Sl s figldabiihgy detecting
substance and the target 20 Novenber 2006 5a substance for hybridization
after transportiengtieon tlasigeters ubshaneeced Wniangeard@fing he el ectric field
formation by the electric field-formng nmeans at a predeterm ned tim ng.
The el ect retenert d the mieteatitme ¢ bernenoncomyioningrenl yeasiry iees out

functions él to stretch the detecting
_ etection surface which is surface-treated for

immobilizing a detecting substance; a reaction region
which provides a field for interacticn between the
detecting subétance 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 non=biased.AC electric field in .the...

reaction region, wherein the method comprises the steps
of: transporting the target substance by applying the
non-biased AC electric field, applying the non-biased AC

electric field to the detecting substance and the target




substance and the target substance, such as nucleotide <chains, (2) to nove
the target substance, which is separated fromthe det @Qmﬁﬁpﬁkﬁnce

back and forth along the electric Iines of force, and é? to adj ust the

hi gher-order structure of a reaction product (conbination

t he- det ecti ng--substance--and the target substance) obtalned by the
interacti on between the detecting substance and the target substance to a
structure in which it is possible to nore accurately read fl uorescence

[t or cal at et Rt S peet 1L 1Y 50 ReVeRbEr: 008 e o1 raist T The roact i on

product. Thatgés, s@NsEQﬁ@%ngt@rﬂ§§©r§ﬁ/§fﬁcﬁﬁéCeiéé%fhét%&eﬁfply'ng a
vol tage) or not forming an electritcC renDV|ng a voltage) at a

su a8 e st s st g, Lonel e (il (ol cn 12" 6 ou

vol tage, fyneqdofrhinedStEmifhed out to prepare structures mhich all ow t he
detecting substance and the target substance to easily react with each

other, for exappéeelbifeat i@eﬁarE@kﬁégsiﬁsﬁﬁgt§@§9t§éﬁufigié§) in which
the base sequences of nucl eotide chains are not fol ded by appl yi ng

~a rectangmhanlyavervobsaget(puhsedondi (&Ft tyoktagerh theedspestingal Iy, by
applying 2ubstance 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 reaction product (combination

of the-detecting substance—and the target substance}—o

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 substance

or a fluorescent intercalator that specifically




rectangul ar wave voltage alternately (i.e., +/-), function 15 (2) is
carried out so that the target substance which is / Iij@qmﬂkﬁ%e}a%khe
reaction region is brought closer to the 1 detecting substance Ichis
‘inmmobilized on the detection surface. Consequently, since reaction
efficiency (reaction opportunity) is increased, reaction tine can be
shortened. 20 In the detection stage, also by applying a high frequency,
hi gh voltage to the reaction region, function (3) is carried out so that
the-fluorescence or the like fromthe greaction product in the reaction
region can be accurately detected by a detection neans, such as an optical
means. 25 In order to reliably carry out the interaction, such as 20 -

Novenber. 2006 7 a%hybridization, bet ween the detecting substance and the
target sRHRFANER, therESREFOAN IREPSRCEs preferably prepared so that the

Subst ances. THETerU o0 ARG LGB LTS GRS LS L AP Ehr BE. of el oct ri ¢
field-formnag. steps. 2. pe iod in ich.an electric field is not forned in
the reactibnyredi onPACRBE]  $UHGE probhine, stiatorer i hielduent 1o the
pert oo | ILOIRANE GEELEDON B RS, Il L 3t LagOiablc R LD o Per 00,
fgbs%ancfén&@ﬂoé§ pEFeLET fPloan "BETELPribE LOE 1R 9855 LBt hod” according
More specifically, by applving a high frequency, high
. voltage, function (1) is carried out to prepare structures
<jj' which allow the detecting substance and the target substance
to easily react with each other, for example, linear
--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
(HE detecting substance which is immobilized on the detectién
surface. Consequently, since reaction efficiency (reaction
opportunitY) is increased, reaétion time can be shortened.
20 In the detection stége,_also by applying a high
frequency, high voltage_tb the reaction regidn, function (3)
is carried out so that.the fluorescence or the like from the
reaction product in the redction region can be accurately
detected by a detection means, such as an bptical means.

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




enbodi nents of the present invention, the types of detecting substance and
target substance are not particularly limted. Exanpl ey \@fvelsr 2dog" g€t
substances” include substances |abelled with fluorescent or other tags

and substances not |abelled. The "detecting substance"” is not narrowy
defined, and exanpl es of detecting sub3t-ances broadly include

| ow- nol ecul ar substances, high-nol ecul ar substances, and bi ol ogi cal
substances which are solid- phased on the detection surface directly or

|ndirect!y . Hopeuan L nier SANbahiGl SRecLEfa! Ll erach i the

target substances e uorescent or~” ot her gs. & " det ecti on

surface’ Manged SULEBLE.S) £ railGhn $ehayar abl - U so that
t he ends of ﬁﬁcleotide 20 hbd%nber 500%EI 8 gﬁégﬂiﬂ%ﬁ t e%?% é?ggn be

| mobi | i zedo ERktexgdPitse e onskkagep] s eatnt Y Hapeh! ghNEge Wi th
streptavidin, a detection surface suitable for imobilization of

bi oti nyl at @dcnutbaohdadenaiaids dhe chbaitAgdes Thermetdmad-gcaer dheg to an
enbodi ment of the present invention is applicable to all of the
i nt er acti opgesbetweeveht dn nolreculsrissbstfantest r st chi @sd-pfadnint: pr ot ei n,
nucl eoti de chai n-nucl eotide chain (including both DNA-DNA and DNA-RNA),
pr ot ei n- nuékepsi de reraiad dinnwhadhngr dolddte=icstfiahdeds , n@ndfootdeelr in
interactions, interactions between a

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

rectangular wave voltage is off, the interaction between

the substances can be accelerated.
oo oo onooorHerein, in the-"biocassay method™-according to -

embodiments of the present invention, the types of

detecting substance and target substance are not

particularly limited. Examples of the "target substances"

include substances labelled with fluorescent or other tags

and substances not labelled. The "detecting substance" is

- not narrowly defined, and examples of detecting substances

broadly include low-molecular substances, high-molecular

substances, and bioclogical substances which are solid-

phased on the detection surface directly or indirectly

through linkers and which specifically interact with the

targe;‘substances labelled with fluorescent or other tags.

. The "detection surface" means a surface site

Which is favorably surface-treated so that the ends of

nucleotide




hi gh- nol ecul ar substance and a | ow nol ecul ar substance, and interactions
bet ween | ow nol ecul ar substances. For exanple, when thewelraitPgo@ubst ance
and the target substance are nucleotide chains and the interaction is a
hybridi zati on, even in a snmall reaction region (spot region), the
hybridi zati on efficiency can be increased wthout fail. Consequently, it
is possible to provide a novel DNA chip-or nicroarray technique with a
short reaction tine and high accuracy in reading. Wen the interaction
bet ween subS¥dRcesTi §ha 1HyhrGad P&t tBRoPi Hezas -oadsaysreihistt pheher abl y
includes the steps of (a) formng an elegtric field so as to stretch the
det ecti ng rﬁﬂﬁéaﬁﬁigéQEHé?%twkﬁcﬂ?' ISR B Rz 8BTSt d W' i idefect i on sur f ace
at the end,,  (.b) .addin he target . nucleatide.chaip.into_the reaction
regi on afté%ﬁéfgﬁOFafgrgﬁcﬁb%%ékﬁﬁhiggﬁflﬁmm%&ﬁléﬁgf9?dﬁfa potentia

di fference j;ntheq t] ' t.Q _relat] ve the detecting

nucl eot i de éhain§é%gg§h%88%%§%%%yﬁﬁ€lggt#%eg%§%¥%g?h the reaction region

after step (b), an@hedmeessaosgzggdﬂMQré&“gﬁﬂéﬂﬂgﬁﬂ%eﬁtsg%t%hgn whi ch a

voltage is renoved after step (c). Steps (a) to ( will ~be specifically
descri bed hgle@wnt! AneabedoAenESagh1ibg 1k esend1il ReRhboMntdNe-dien®

"nucl eotide chain" neans a pol yner of a phosphoric ester of a nucl eoside
in which abptiweas BLghpimidIddlilae basetdsces, such as protein-protein,
nucleotide chain-nucleotide chain {including both DNA-DNA
and DNA-RNA), protein-nucleotide chain {including double-
stranded), and other interactions, interactions between a
high-molecular substance and a low-molecular substance,
and interactions between low-molecular substances.

For example, when the detecting substance and the
target substance are nucleotide chains and the interaction
is a hybridization, even in a small reacticn 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.

When the interaction betwéen substances is a
hybridization, the biocassay method preferably includes the
steps of (a) forming an electric field sc as to stretch the
detecting nucleotide chain which is immobilized on the

detection surface at the end, (k) adding the target

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




glycosidically linked to a sugar. Exanples of nucleotide chains broadly

i ncl ude ol i gonucl eotides, including DNA probes, polyn@%gﬁgk%ﬂ%§,mENA (full
length or its fragnents) in which purine nucleotides an pyr|n1%|ne

nucl eotides are polynerized, cDNA (cDNA probe)obtained by reverse
transcription, and RNA. Since the detegting nucl eotide chain (single-
stranded) which is to be immobilized on the detection surface does not

al wvays have(cd lkippeégingonfprtmition, dtieerdetecin nienueheot blerediainn i s
linearly stretched along the electric Iines of force by step (a). Thereby,
t he base dequedesivtlyhmodettdct idegentidhgohidbectiaian dhaiexpasedh&éo the
reaction region, and a state in which hydrogen bonding wth a

conpl ement &y Jsasauségoehde dasin ynotber seganide raghitoni adder Vbt ep
specifically, the nucleotide chain which conprises nmany polarization
vectors cod%dseénéf(ﬁég&ﬂﬁﬁﬂ?mi@ﬁahngi@iz4¢kpnu¥ﬂ eostdee chaiwhiwyiang
phosphate ions and,  positive 20 Novenber 2006 - 10 charges of ionized
hydr ogen aft’'GOréaPg 38 EERHERF Ky teie StEPpI(Ftat | DrERF @ &Pedeltivitiel d, and
~thereby the bases are . not superposed on each other any nore. As a result,
t he steri@ehPHBFéﬁt%ﬁhhééﬁﬁ@éﬁg?daH%F%Whybridization reaction 5 with the

adj acent target nuc&eotide can be carried out ) .
. n embodiments of the present invention, the term

"nucleotide chain" means a polymer of a phosphoric ester
of a nucleoside in which a purine or pyrimidine base is
glycosidically linked to a sugar. Examples of nucleotide
chains broadly include oligonucleotides, including DNA
probes, polynucleotides, DNA (full length or its fragments)
in which purine nucleotides and pyrimidine nucleotides are
polymerized, cDNA (cDNA probe)obtained by reverse
transcription, and RNA.

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 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
domprises many polarization vectors composed of negaﬁive
chafges of the'nucléoﬁide chain'having phosphate ions and

positive




smoot hly. The principle of stretch or novenent of the nucleotide chain
wi Il be described in detail below. An ion cloud is thowdivehidelsogar cduced
by phosphate ions (negative charges) 10 constitutingthe backbone of-the
nucl eoti de chain and hydrogen atons (positive charges) forned by
ionization of water in the vicinity thereof. The polarization vectors

(di pol es) 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 resyt, the nucleotide chain is
stretched. In addition, when a nonuniformelectric field in which electric
lines of force are concentrated in one region is applied, the nucleotide
chain noves toward the region in which the 20 electric lines of force are
concent r @RREIEF ePEr Lol T4 | RVATOGRR UREOMT ok st r YedeAshY | ISR n-i chi’
Tazawa, Osamu Kurosa and Masap Washi zu: Quantitative anal ysis on

electros%%?}%caB+?%n? 13D bFCBRIRCT A1eidt i 3R yhowsky eblee i agesl dresi ng
fluorescence ani sotropy”, |EEE Transaction on Industrial 25 | i cations,
Vol - 34,5, SG0e ERt o8 3 5T . OBAEROTBHUBP 2006+ 4 THES R ber Lht ep (2, |
step (b) _Jjs carried out in which _a sanple salution containing, the target
nucl eotid e%h%i%lnégﬁQﬁﬁké}§?ﬁQF?ﬁ§’I?ﬂ i Y ?#kﬁ%é%ﬁaﬁ+ﬁprﬁ%i? B r egi on
W ths the; ol LR0C 851 AhStd ) g @PPLE &L 8L 1 84 L s NS VOL L2084 LY |
smoothly.
The principle of stretch or movement of the nucleotide
chain will be described in detail below. An ion cloud is
thought to be produced by phosphate ions (negative charges)
-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. 1In addition,
'(? when a nonuniform electric field in which electric lines of
force are concentrated in one region is applied, the |
nucleotide chain moves toward fhe 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 T;ansaction on Industrial

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




removed. After step (b), step (c) is carried out in which an electric
field is formed in the reaction region to relatively MG, Jaﬁ cting
nucl eotide chain and the target nucleotide chain in the reac Fon reglon SO
that a " reaction environnent in which the hybridization easily proceeds is
created. That is, according to step {c), by formng an electric field
inthe reaction region, the opportunity for reaction between the nucleotide
chains, which has been mainly based on the Browni an novenent, can be

renarkably i ncreasegdey ggds£€§a£§ackg%% qgl Eleng %ﬁaja QPE%Q%EQC?E?US

i nproving the detectlon acc er step t he

voltage is 4 @%ﬁ?ﬁ%dsoﬁﬁgléhrﬁ%Hﬂé%na%b'Qﬂeb€§§% ngﬁﬁQ%ﬂ!%% gﬂgggﬁnt I's

performed. In , the voltage I's renpve ecause t ridization

I's a reactijen awialeahlhsorr@héﬂylci@‘ct phasBydeoges honding, Q%tg%ﬁnmth
conplenentary base pairs. I n anot her enbodi nent of the présent invention, a

"bi oassay aprarvatuagehaying dthie cepplivat beny descrides] thgkoweisy provi ded
as a tool for advantageously carrying out the bioassay nmethod. 20 Novenber

2006 12 THeabovies,. the bi oassay apparatus according to an enbodi nent of
t he present invention includes a detecting elenent which includes at |east
a detection surfacéfmeirchtes (b), step (c) is carried out in which

an 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
reaction environment in which the hybridization easily
proceeds is created. That is, according to step (c¢), by

e o forming -an-electric field-in-the reaction region, the

opportunity for reaction between the nucleotide chains,
which has been mainly based on the Brownian movemént, can
be remarkably increased, and the reaction efficiency is
increased, thus improving the detection accuracy.

Next, in step (d), after step (¢), the voltage is
removed, and a hybridization based on Brownian movement is
peerrmed. In step (d), the wvoltage is removed because the
hybridizétion is a reaction which is mainly left to
hydrogen'bonding between complementary base pairs.

In another embodiment of the present invention, a
"bioaésay apparatus" having the construction described
below is provided as a tool for advantageously carrying

out the bioassay method.




surface-treated for imobilizing a detecting substance, a reaction region
which provides a field for interaction between the detRGhlRgpeH nce

i mmobi lized on the detection surface and a target substance, and an
electric field-forming neans which can forman electric field in the
reaction region by applying a voltage and- which can turn on/off the
electric field formation at a predetermined timng. The "detecting el enent”
i ncludes the detection surface, the reaction region, and the electric
field-formng nean r e I al nts, . a he ot her
conponents and stru??%?egghﬁ%m%§§8%%%%¥6%#%@?$Sfi?ﬁ%Q§§gn§ogoé%&anple, a
fine cell snselifeRs ShaMRelbrebiMCtitent@bnt iR 1ddekes G&ldapihgd fromthe
peri phery, may be formed on a substrate, and the essential conponents nay
be provi dedlement hehsdt ucicites aatf Qletisad dedeeddtignekefbide wHiehnugber of
detecting elenents on the substrate may be determ ned depending on the

pur poses amdirdppkrtatdioas, foandmariyi lnlzangr a detstriatesulssicdincas a rect angul ar
or disc-shaped substrate, may be properly selected. In another enbodi nent
of the pres&ICILAVeRIGR WhAlchphrrssley subseldtier havepctis® construction
descri bed ?F|OM/ is%gr vi ded as a tool for advantageously carrying out the

20 NovemberrS¥68™ t§5848Y RTEace THEO i d3.< 8P $hBsTFHEL%8ccor di ng

to an surface and a target substance, and an electric field-forming
means which can form an electric field in the reaction
region by applying a voltage and which can turn on/off the
electric field formation at a predetermined timing.
The "detecting element™ includes the detection

surface, the reaction region, and the electric field-forming

means as three essential components, and the other
components and structures are not particularly limited. For
example, a fine cell structure, channel strﬁcture, 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
depending on the purposes and applications, and any planar
substrate, such as a rectangular or disc-shaped substrate,
may be properly selected.

In another embodiment of the present invention, a
"bioassay substrate” having the construction described below

is provided as a tool for advantageously carrying out the




enbodi ment of the present invention includes a "detecting elenent”

provi ded on a di sc-shaped substrate fromwhich record '§U r iQn can be
optically read, the detecting elenent including at Ieg’gtr\5 fﬁmgﬁ%gﬁection
surface which is surface-treated for imuobilizing the end of a detecting
nucl eoti de chain, (2) positive and negati-ve el ectrodes for formng an
electric field to stretch the detecting nucleotide chain inmobilized on
the detection surface, and (3) a reaction region which provides a field
for hybridi.zation between the detecting nucleotide chain and a target
nucleotideqﬁcgfﬁgylﬁe?ﬁgﬁbioassay substrate having the "detecting

el ement”, an electrigfi i i 0.t he detecting_ nucleotide chain
i mmobi li zed on the ge?ec?%%h#%?r¥%¥§§aé§£ethgfc?ﬂéuﬁhccbgpide chain is

linearly Skﬁﬁk@hﬁgntagg Eﬁﬁﬂbré%é%%ﬁﬁhﬁgﬁQEHﬁi£$Ffﬁﬁ@ﬁa%ﬂhﬁ%tggﬁi£8rget

nucl eotide chain is accurately dripped onto the reaction region of the

detecting elieneat: padvidal &y J ke pyBhagdedaliioh LRACKAN WRgLyeen the
detecting nucleotide chain and the targe nucl eotide chain 1s carried out.

As a resul trecolteledhybré thasiidrorareaet bphiean Perfpef,f ehzedeettichgnt|y over
a short period of tine, which is advantageous. Such an advantage is
~ brought abedembytt heclfdldowithdg garsaceds. aAdedeserdbedirah@eewhtibe nucl eot i de
chai n which 20 Novenber 2006
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 surface, and
(3) a reaction region which provides a field for
“hybridization between the detecting nucleoctide chain and a-
target nucleotide chain.

In the bioassay substrate having the "detecting
element”, an electric field is applied to the detecting
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 detecting nucleotide chain and the target
ngcleotide chain is carried out. As a result, the
hybridization reaction.éan be performed efficiently over a
short period of time, which is advantageous.

Such an advantage is brought about by the
followiﬁg process. . As deécribed above, tbe nucleotide

.chain which




- 14 conprises many pol arization vectors conposed of negative charges of

t he nucl eotide chain having phosphate ions and positi NdRES i oni zed
hydrogen atons is stretched by the application of an 2Pectr|cs¢%%$d,'and

t hereby the bases 5 are not superposed on each other any nore. As a result,
the 'steric hindrance di sappears, and a hybridization reaction between the
detecting nucleotide and the adjacent target nucleotide can be carried out
snoothly. The principle of stretch or novenent of the nucleotide 10 chain
wi |l again be described bel ow. Anion _clqud is thought to be produced by
phosphate ions (negative charges) constituting the backbone of the
nucl eotide chain and hydrogen atons (positive charges) fornmed by
ionization of water in the vicinity thereof. The polarization vectors 15
(di pol esFOBRREFRT JHPBY PREAKEEAELIOR FAGEQES apurpasitpfencgabiyes are
oriented in one direction overall bg the d application of a high frequency,
hi gh vol $aREgeanet asPea PresaPtidenehatie| bavine ehasphatesierscaed. |n
addi tion when a nonunifognlelectric field in which electric lLines of 20
force arBORbhtEntTRFEIPT ODnkORLETSnNYLragen i 2bomends FkEekebedeP¥hai n
noves toward_the region i mhicf t?e. e%ec ric lines of force are
concentrmg%d§p$£}%ﬁ ,Oﬁm%ﬂ A RIRCEFIE Fretdr jandphherebXothpdbasef ectric
l'i ne ode r r@ﬁeg the detection 25 surface,.the
nucléotiaeé)crﬁ%ﬁé@eﬁ%?(gié% V %ée)ge? §$Fi¢y more. "As a result, the
steric hindrance disappears, and a hybridization reaction
(i‘ between the detecting nucleotide and the adjacent target
' nucleotide can be carried out smoothly.
The principle of stretch or movement of the nucleotide
10 - chain-will again be-described below. -An-ion cloud is o -
thought to be produced by 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 detectiocn

25 - surface, the nucleotide chain stretched by the electric




20 Novenber 2006 15 field (described above) noves toward the detection
surface, and the end portion inpacts against the detecjy r ﬂ&ﬁ.
Consequently, the detecting nucl eotide chain can be reﬁ#gﬁﬁﬁﬁﬁF%no Ilized
on the detection surface. The "reaction region" is a delimted region or
space which can provide a field for-ashybridization reaction in the

i qui d phase, and which is a region where an electric fieldis fornmed in
the liquid phase because of a voltage forned between the el ectrodes.

Fur t her nor, ibn the. r ti.on region, .in addjtion.to _.the interactipnbetween
si ngl e- st rfgﬁa%d(éleus&régfg |8 dLve) Hoves hwairgi !El?ﬁ i%r‘f,ecﬁl‘&*és%rgace’ and’

doubl e- st £apded bl ashl Afdm% BEa Lol B LEome: delacklag nucl eot | de

chain, and then an interaction Detwee e-stranded nucl eoti de and
a pepti deohoeqpliel, NthddetRetphf fldRGL 188 ShiOXY¥EEHd §2RQRSE, Or ot her
internol ecul ar interactions may be perfornmed. For exanple, when the

doubl e- st famdedl inscl eot tidke deseusboh durfiage. possi bl e to anal yze the |i nkage
bet ween the receptor nolecule, such as a hornone receptor, which is a

‘transcription. fact@he Grehathenrespionsi ve el dsiemnt tBNAqeoohi on,sae. | n t he

bi oassay substrate according to an enbodi nent of the present invention,
the "det e¥Pifly @remeRvideey Held ferl -hypdddaabten mpasténpnin HE ng a cel |

structure.in ich a detection,surface is
ligui ﬁhase, ané éﬁlc% is a reéion where an electric field is

formed in the liquid phase because of a voltage formed between
the electrodes.

Furthermore, in the reaction region, in addition to
the interaction between single-stranded nucleotides, i.e.,
hybridization, a desired double-stranded nucleotide may be
formed from a detecting nucleotide chain, and then an
interaction between the double~s£randed nucleoctide 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

. molecule, such as a hormone receptor, which is a transcription

factor, and the responsive element DNA‘portion, etc.

In the bioassay substrate according to an embodiment
of the present invention, the "detectihg'element" may be a
cell-type detecting element having a cell sﬁructure in which

a detection surface is




20 November 2006 - 16 pl aced on one surface thereof, and a plurality of

cell-type elenents may be arrayed on a di sc-shaped subgt X ?%5
"cell-type detecting elenment” is defined as a site hav?@&mikg@g{ -1 ke

reaction region which is delimted fromthe 5 peripheral substrate region.
The "cel |l -type detecting el enents" may ‘be arrayed at appropriate positions
on the substrate. By arraying the cell-type detecting elenents radially
when vi ewed from above, the space on the substrate can be effectively
used, ~and 10 thereby- the. integratio nsity of information can be
increased. That is, it is possible to provide a (disc- shaped) DNA chip
with a |large accunmul ation of recorded information. Since the cell-type
‘detecting_elenents are delimted 15 from each other so as to prevent
cont am nREPERY @Pf PERReAbr faceethicagofuckadt rdpluhalnsynaf belilmhpbel i zed
for each _cell-type detecting el ement or for each group of cell-type

det ect i n§LEMERERt BA¥oPENAETRYBE @Mz &t HdFcrehaprdnsubperatarri Bieout by
setting Qifaﬁr%nt, i,n egendent conditions for 20 the individual detecting
nucl eot i dESCHAFKES BEFCEXARE 8lemanker 1§cAedingddasoai aéhei hyvine a
expressiQ a, di seas rouped, and i nmmpbilized on a substrate.

f . be, ] [
"Thereby,CEE?T%lBSsngFglggyg?aﬁgPaH 6GBI ¥ fatinitgdi hEoBXxBREssi on stat us
of a5p|uﬁ@khb%eggldéﬁﬁgéggte region.

The "cell-type detecting eléments“ may be arrayed at
appropriate positions on the substrate. By'arraying-the
cell-type detecting elemeﬁts radially when viewed from above,
the space on the substrate can be effectively used, and

Q- 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
{-l_ '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 ideﬁtify the
expression of a disease may be grouped and immobilized on a
substrate. Thefeby, it is possible to simultaneously |
identify the expression status of a plurality of diseases.

25 It is also possible to group the detecting nuCleotidé




25 It is also possible to group the detecting nucleotide --- -------- 20
Novermber 2006 - 17 chains to be inmobilized based on:ﬁﬂg‘ggﬁkpﬁﬁ%cg in Tm
or GC content. Consequently, the buffer conposition, reaction conditions,
such as the concentration, cleaning conditions, the concentration of a
sanple solution to be dripped, etc. —tg obtain an active hybridization
reaction can be sensitively sel ected depending on the characteristics of

t he detecting nucl eotide chain. Therefore, it is possible to significantly
| ower the risk th?t false positive or false negative results are shown in

the anal ysi€N tHe Bi DALRE ARG PAIEE QR CHYiTG H55CRA° eRbBUiHFent of the
resent in ti co uct i may . be | oyed i n-which the reaction
Pegions of 1 éhggFggfinggﬁé _%ﬁﬁﬁ%?‘a%gefBPﬁg%ro o@ﬁ?%ﬁﬁﬁ?q’anﬁEFb?%oves
radially  @:endiBdsnsdde Al seshaRedneibold ol @ and hhecdgl eotdan -
surfaces are placed on the 1 nner surfaces o he "grooves. e "grdove" to

be formed idhet bensuRsts@dsn BIARS s@mph ONGo NS el gStpHes Urg.c One of the
fields to which the bioassay sugsﬁfate pr&%fﬁggéa?th t%%ﬂgrbovéé bel ongs

is a disc-shapedaithChachanned @fy@aidderiennatheriohhean det ecting el enent in
which a reaction region is provided in the groove is referred to as a
"groove-t ypendétectingse arentdepeadihg éhenCeHarbyperdet 86s idyy el enent”.
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.
In the biocassay substrate according to an
embodiment of the present invention, a construction may be
~employedin which the reaction regions ofthe 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 the grooves.
The "groove" to be formed in the substrate means a
long microchannel structure. One of the fields to which
the bicassay substrate provided with the grooves belongs
is a disc-shaped microchannel array. Hereinafter, the
detectinj element in which a reaction region is provided
in the groove is referred to és 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 to use a liguid-feeding proceés in whiéh the

centrifﬁgal‘




V%en-the'"groove-type detecting element” is enployed, it is possible to

feed a liquid using capillary action, or to use a |iquj ‘%ﬁﬁi ocess
in which the centrifugal 20 Novenber 2006 18 force g@ﬁgia egpggﬂiotating

the di sc-shaped substrate in a predeternined manner is utilized. For
exanple, a sanple solution, a cleaning liquid used for renoving an excess
target substance which is not actively linked after reaction, 5 etc., can
be fed snmoothly and reliably fromthe central region of the substrate into
the grooves (i.e., reaction regions).lén_the groove-type detecting '
element, it is also possible to inmmobilize different detecting nucleotide
chains 10 for each groove or for each group of grooves. In the bioassay
substrate descri bed above, when a neans for providing the positional

i nf or mat FBACEF IERET@ELECPYOROtStiEnAcEhsi U sandhapest isobak rayechnoai zat i on
information is provided, it is possible to drip the detecting nucleotide
15 cont aPRPAGEEEMiREEnTIaRBeEN& St BE§E ZRde| edOirdexenpilel nangampdkut i on i nto

a predeter 'ged reaction re i&n by accurate CL tracking. The neans nmay be
‘a mobbleﬁogh oV8/of Sd8RBIRIpIE eI BERded O8N TEREVE DESERAEBCESPODDI i ng”

nmeans to,_slightl 0 neander,the groove regroove) in which data is
recordedt%§ggg stibs€ance ngch is %ot acéf%ef@ linﬁed 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 each-groove-or for each group of grooves.

In the bioassay substrate described above, when a means
for providing the positional informétion 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 into a predetermined reaction region by accurate
(f% tracking.
The means may be a wobbled groove or address pits
provided on the substrate. "Wobbling" means to slightly
.20 meander the groové (pregroove) in which data is recorded by
the user from side to side relative to thelcenter of the
track_in order to preliminarily record information on
- physical addresses on the disc. Usually, FM modulation Qith
a slight deviation of-frequéncy is performed on a frequencf :

25 higher'than the trackiné-servd band, and the pregroove is




the user fromside to side relative to the center of the track in order to

prelimnarily record informati on on physical addresseaoq@nkg$ephiﬁ.
Usual ly, FM nodul ation with a slight deviation of frequency I's perforned
on a frequency 25 higher than the tracking servo band, and the pregroove is
20 Novenber 2006 19 forned on the substyrate with a sinusoidal wave
nmodul ating signal anplitude as a radial deviation of the groove. In the
bi oassay sulbEiiest endéebersWetrrfoveithhe simectided wege onodmdath@afilled with
a material which can_ undergo a reversible phase change between gel and so
at bet weert¥B%rh PERpEFEARAUrE ahdadéloper halieemfertieugsopsve. the reaction
(referred to as a "phase change naterial"%é For exanpl e, an agarose gel

=

may be used as the 6ﬁa§aecT%ﬁﬁﬁfaﬂnﬁﬂ?FF5F tPsirdhed e8ses ith9 s possible
nder  gh K8GePR CREbe 4400l Caga 18 0aBprT ctl 1LY “EEAPeoS array
nucleotideiﬁﬁgi , =S PN e phase hange material is,gelated by
decreasing t ergénSe?ggﬁfi% aﬁg&gﬁ?fhgp er%?%Vggnpﬂ%gea%%dﬁﬁégﬁéteriaI is

solated uRRLcQp! 0Bl LEfPer Aue LN 8RR ARL Ldfd:BAGHOR . dur! NG
hybridi zation. |If the phase change material™ maintarns the gelated state
during hybrdnd zakefon WdFd:HeZAtdORCANTHRa PETIITRA il €25 Re nucl eoti de
For example, an agarose gel may be used as the phase change
material.
In such a case, it is possible to carry out a
procedure in which the phase change material is solated
under high témperatures; 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 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 phasé change material is gelated,
there isla possibility that hybridization does not proceed
successfully. Therefore, as in electrophoresis, a
longitudinal recess may be preliminarily fofmed at the
dripping pocint so that the sample solution is dripped into
the recess;
In'embodiments of the present invention,_the

target nucleotide may be




chains, such as DNA, are stretched, which is preferable. Additionally,
when t he phase change material is gelated, there is a sibili t hat
hybri di zati on does not proceed successfully. Thereforg';B%iosv3 of 2066

el ectrophoresis, a ‘longitudinal recess may be prelimnarily formed at the
dripping point so that the sanple solutgen is dripped into the recess. In
enbodi nents of the present invention, the target nucleotide nay be 20
Novenber 2006 20 Ilabelled with a fluorescent dye, or an intercal ator may

b d. The "intercalator’ is incorporated intp the _hybridized
dgubrz?stréﬁig&uﬁﬁcWégbiﬁ £t¥ﬁﬁ§FQ%ﬁ%s§¥ﬁ’aorn%%ntﬁtﬁqﬁﬁlﬁﬁ%§ P"A¥PRal ator is

i nserted iq}%dtheT gdn?ﬁgg¥cgﬂaqnpegﬁgggFégg%gggﬁf:#%%$ det ecting

nucl eoti de ¢chai'n "and arget nuc , the

fIuorescenqﬁ&ﬁgﬁgkgaggguﬁfe§ggégQQK§gmgﬁgﬁ%pﬁﬁlgﬁgknmqyeleggth si de, and

. SA1C
al so, sincethe uorescence intensit e arount &t -infer cal at or

| ncorpor at Gghrndk0chbber fOUll e, aided sQueheotide Al Golr alatedoyt th each
| e at

it
other, quantitative detection Is enab ased on the corr on. As

described abevenceibedi FRONS Hs tdie tHRr @8eBL i AYCRLE P AR thg shechni cal

advant age of providing a novel technique concerning DNA chi ps and

bi osensor chigpsneEahoge tenis) &t ildee cppesent Thavan i aheal so has
fluorescence wavelength is shifted toward the long-
wavelength side, and also, since the fluorescence
intensity and the amount of intercalator incorporated into
the double-stranded nucleotide are correlated with each
other, quantitative detection is enabled based on the
correlation. BAs described above, embodiments of the
present invention has the technical advantage of providing
a novel technique concerning DNA& chips and biosensor chips.

Embodiments of the present invention also has

the technical advantage of providing a novel bicassay
substrate which can be used for analysis of gene
mutations, SNP (single‘nucleotide polymorphism} analysis,
gene  expression frequeﬁcy analysis, etc., to industries
related_to the development éf_new drugs, clinical

diagnosis, pharmacogenomics, forensic medicine, and others.

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

steps of a bioassay method of the present invention and a




the technical advaptage of providing a novel bioassay substrate which can
be used for analysis of gene nutations, SNP (S'ngle-nﬁﬁbﬁg%h1§r2006

pol ynor phi sn) anal ysis, gene expression frequency analysi's,” etc., to
industries related to the devel opnent of new drugs, clinical diagnesis,
phar macogenom cs, forensic nedicine, and others. Brief Description of the

Drawings Fig. 1 is a flowhart which illustrates preferred steps of a

bi oassay nethod of the present invention and a - - - --------- 20 Novenber
2006 - 21 preferred enbodi nent of a bjoassay apparatus of the present
invention. Fig. 2 is a waveformchart ich illustrates an exanple of a

step of applying/renoving a voltage in the bioassay 5 nethod or apparatus.
Fig. 3 is a perspective view show ng the appearance of a bioassay :
subst r at BT¢EEREEF CERCIEHREL Rfaaphbdbassay appscditmsniofothehprpsendnt
invention. Fig. 4 is an enlarged perspective view showing a cell- 10 type
detectinéngﬁgﬁéﬁp'provided on asubstrate, Fig. 5 is an enlarged view

showi ng the dgtection surface and jts vicinity of the reaction region of
the cell- typeifetectPng BREREATT ERgEt ehirhandlesbrabee amagxamBlehow ng

a bioassg¥ a step of applying/removing a voltage in the biocassay
5 method or apparatus.
Fig. 3 is a‘perspective view showing the appearance of
- a biocassay substrate viewed from above in a preferred
embodiment of the present invention.
Fig. 4 is an enlarged perspective view showing a cell-
-.10....type detecting element provided on -a-substrate.-
Fig. 5 is an enlarged view showing the detection
- surface and its vicinity of the reaction region of the cell-
type detecting element. .
Figs. 6(A) and 6(B) are diagrams showing a biocassay
15 - substrate in another preferred embodiment of the present
invention; Fig. 6(A) is a top planrview 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 Oﬁt tﬁe Invention
The preferred embodiments of the presént invention will
be described below based §n the attached drawings.
Figs. 1(A) to 1(F) are flowcharts which illustrate
preferred steps Qf a bioassay method of the present

25 . invention and a preferred embodiment of a bioassay apparétus




15 substrate in another preferred enbodi nent of the present invention;

Fig. 6(A) is atop plan view of the substrate; and Fi I

enl arged plan view of the section Xin Fig. 6(A. 20 %8£§£%@Q%§¥@5
Carrying Qut the Invention The preferred enbodi nrents of the present
invention wll be described bel ow based on the attached draw ngs. Figs.
1(A) to 1(F) are flowharts which illustrate preferred steps of a bioassay
nmet hod of the present 25 invention and a preferred enbodi nent of a bi oassay
apparatus 20 Novenber 2006 22 of the present invention. Fig. 2 is a
wavef or m ehathe piEsANt| hogenaies.anféganpl &soé wasebprof chart
applying/rennvin? a voltage in the bioassay nethod or apparatus. An
exanpl e i WhhRPchlbyehrehesdeteekpmglsubst anekemndf the target substance are
si ngl e-stranded nycl eotide chains and the interaction is a hybridization
in the pPEBEHLNPAVERPYHAIWR| FObEadBseRi bBE bepassayvioneleed ¥ is to be
understood that the detecting substance and the target substance are not
linited t BPRAEREBET de chains and that the interaction is not limted to a

hybridi zation in the present inventjon,  First, the bioassay nethod or
b?oassay apparéPugxawa?h%npvgﬁght ?Egeﬁ??oﬂeﬁ%%gl%gd%?%%?? G efRFrent 1

whi ch the target substance are single-stranded nucleotide

chains and the interaction is a hybridization in the
present invention will be described below. However, it is
to be understood that the detecting substance and the
target substance are not limited to nucleotide chains and
that the interaction is not limited to a hybridization in
e pféééﬂg_gﬂ;gﬁéiéﬁ;  e N
First, the biocassay method or bicassay apparatus of
the present invention uses a detecting element 1 which
includes at least a detection surface S which is surface-
treated for immcbilizing 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 electrode El
and a negative electrode E2 functioning as an electric
field-forming means E which forms an electric field in
the reaction.region R by appiying a potential difference
in the reaction regionrR. Reference numeral 2 represents
a portion of a.substrate provided with the detectiné
element 1,-aﬁd symbél V represents a power supply for

applying power to the positive




includes at | east a detection surface S which is surface- treated for

i mobi lizing a detecting substance represented by sy I ] j 1, a
reaction region R which provides a field for interac??gaﬁ%%#aggﬁﬁ?he
detecting substance D immobilized on the detection surface S and a target
substance T, and a electrode EIl and a negative electrode E2 functioning as
an electric field-formng neans E which forns an electric field in the
reaction region R by applying a pofen??al‘difference in the reaction
region R Reference nuneral 2 represents a portion of a substrate provided
with the detecting elenent 1, and synbol V represents a power supply for
appl yi ng pdeetrbdet E@ pasi theec28chNevaabep.2006 23 electrode El and the
el ectrode E2. Fig. 1(A) briefly shows the state in which the end of a

si ngl e- strandedidet édfi ngraoecllgothdeschhenstetq. in Whbchrobhe) el i s

i mmobi lized on the detection surface S. In this state, the higher-order

st ruct ur e odf at kéngdet-ettrangedudktettdagchachebtifds nbéinml Waysg. }inear, and
is often, for exanple, as shown in Fig. 1(A), in a folded formas if the
chai n wer @NpapgPbd) Blnée ammobhéibadeonstheedetertinont sakhags &xposed to
the reaction region R, it is considered to be difficult to efficiently
perf orm alnhyBipdptatrenthiet higherrarder atepeburdec€hbh®d T which is

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 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 or the like) in the reaction region R
between the electrode El and the 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 strefch the detecting nucleotide chain
D1 lineariy (straight) along the electric field. As a
result, the detecting nucleotide chain D1 becomes
stretched (represented by symbol D2Z2), and the base
sequence of the detecting nucleotide chain D1 is exposed
to the liquid phase {refer to Fig. 1(B)).

Next, with the high frequency, high voltage being




later added into the reaction region R Therefore, in the present -
i nvention, a high frequency, high voltage is applied Q%I&n%nhkgﬂkﬁ phase
e -

(a salt solution or the like) in the reaction region bet'ween
el ectrode El and the 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 nucl eotide chain
D linearly (straight) along the electric field. As a result, the
detecting nucl eotide chain D1 becones ,gtretched (represented by symbol
D2), and the base sequence of the detecting nucleotide chain Dl is exposed
to-the liquid phase (refer to Fig. 1(B)). Next, with the high frequency,
high vol tage being 20 Novenber 2006 24 renoved or being still applied, a
sanpl e sEPBPVER E&nPELAPNGTidhe aPRlded sabspapde Poluddigat conskdotinde chain
Tl) is added froma nozzle 3 with a predeterm ned structure accurately
i nto t hetPBatBrgRTr &gPsHaRCEATt HodgRthBuCdegét deuchadni dd)sishaddedi is
not always |inear a tge tiﬁe of addition, as shown in Fig. 1(C, in the
liquid phiS8 Bo"RRFCR & WiGR B PreqeeREIINRCyRtFYCtage RECHEBLREd, as shown
in Fig...lé[» the_target nucl eotide_chain Ti gecones stretched linearly
(represeff'ed B?es§ﬁ88glgﬁ)?e$ﬁ8§,%a sﬁiFgopgth &t &GTORT. pgcleotide
mhlCQ;.tQﬁéiﬁr@ECEEngEQSEQgggegghggrcQ%I@hEZtggg %Eeaddition, as
shown in Fig. 1(C), in the liquid phase to which a high
Cﬁi : frequency, high voltage is applied, as shown in Fig. 1(D),
the target nucleotide chain T1 becomes stretched linearly
(represented by symbol T2). Thus, a state is created in
-.—10.. . which the stretched target nucleotide chain. T2 and the .
similarly stretched detecting nucleotide chain D2 easily
form a complementary strand.
Next, by repeating the step of applying/removing a
rectangular wave voltage several times, the nucleoctide
15 chains D2 and T2 are brought close to each other stepwise,
the target nucleotide chain is moved back and forth, or the
‘reaétion timing is adjusted.
The rectangular wave voltage is.removed so that the
complementary strand formation reaction, i.e., hybridization,
20 between the linear target nucleotide chain T2 and the linear
detecting nucleotide chain D2 is carried outrmainly based on
the Brownian movement. Furthermore, Fig. 1(E) briefly shows
a dpuble—stranded reaction product (D2 + T2) formed by

hydrogen bdnding between the complementary base sequence

25 portions of the chains D2 and‘TZ.




simlarly stretched detecting nucleotide chain D2 easily forma _
conplenmentary strand. Next, by repeating the step Of'aﬁﬁgﬁkﬁ&k ing a
rectangul ar wave voltage several tines, the nucleotide chai ns and T2
are brought close to each other stepwi se, the target nucleotide chainis
noved back and forth, or the reaction timng is adjusted. The rectangul ar
wave voltage is renoved so that the conplenentary strand formation
reaction, i.e., hybridization, 20 between the linear target nucleotide
chain T2 and the linear detecting nucleotide chain D2 is carried out mainly
based on the Browni an novenent. Furthernore, Fig. |(E) briefly shows a
doubl e-stranded reaction product (D2 + T2) formed by hydrogen bondi ng
between the conpl enentary base sequence 25 portions of the chains D2 and
T2. 20 NovenbEr Pm@errosent ninpenipierentn | addhtion, to ntheidieteontiont he
detection_ of the target nucleotide Ti'&TZ) havi ng. a base sequence that is
conpl enefif aFyet b2EHgE BRCLRRtddectli h§2huBRESRPIE BAGENSeBReRER) thatir t her
devel opnents ma for, exa met hod in which, by using the

{ be made, ngle ab ! ,
steps deitrFBERIEBEHESTY tRelhrEdCHobBredstrahdRg RUELestide ERALR (DNA) is

r epar ed an_interaction. between a specifi rotein, such as a
FragscriB}iZﬁg*aoFBF%ﬁﬁﬁdd?ﬁglgBﬂﬁ?F?cm?ggbﬁngﬁgggq hce*aWBLET oA in the

dOUb%?_S&é@ﬂggdiﬂuﬁhfgﬁidgycggggg(gﬁgoskgps described above, a

desired double-stranded nucleotide chain (DNA) is prepared,

(?} and an interaction between a specific protein, such as a
transcription factor, and the specific response sequence
portion in the double-stranded nucleotide chain (DNA) is

--10-...detected, and furthermore, search,  assay,-etc., of endocrine
disrupters using the method.

- Fig. 1(F) shows a step of détecting and reading the
labelled (e.g., fluorescently labelled) target nucleotide
chain T2 by an optical means 4. In the present invention,

15 the labelling method is not narrowly limite&. 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

flucrescence wavelength is shifted toward fhe long-
wavelength side, and also, based on thé correlation between
the_flubrescence iptensity and the amqunt of fluorescent
intercalator incorporated into the double—étranded DNA,

25 quantitative detection is enabled. 2As the fluorescent dyé




10 detected, and---furthernore, search, assay, etc., of endocrine  disrupters
using the nethod. Fig. 1(F) shows a step of -detecting r eadi he

| abel l ed (e.qg., fluorescently |abelled) target nuc|eot?§§“W8W§P§R? by an
optical neans 4. In the present invention, 15 the labelling nethod is not
narromly limted. For exanple, a fluorescent intercalator may be used. The

+ fluorescent intercalator is incorporated into'the hybridized, double-

stranded nucl eotide chain so as to be inserted into the hydrogen bond

bet ween .t he bases of the detecting ngi otide 20 chain D and the target
nucl eoti de chain T. Thereby, the fludrescence wavelength is shifted toward
the | ong- wavel ength side, and al so, based on the correl ation between the
fluorescence intensity and the anount of fluorescent intercalator

i ncor porased fnrothbeflloobkscshtandédrbhlfatdb, qBanoi-Lat TOBOAB, ection i s
enabl ed. As the fluorescent dye 20 Novenber 2006 26 used for the

fl uorescthe iLhkerwayabersebopoed, TOTO- 3, or the like may be selected. In
the detection stage, by applying a high frequency, high voltage, the

hi gher - or der B rika yietetiidie sleagei dw &prvdurta (ol Erequenciad

nucl eotide chain) forned in the reaction region Ris adjusted to a

struct urbighavolsaget tieefbigbar-andernstepytusecofatbedeeection can be

performed by the optical mneans 4. . .
5 product {double-stranded nucleotide chain} formed in the

reaction region R is adjusted to a structure that is not
(j} folded, and théreby, accurate detection can be performed by
| the optical means 4.
An example of a step of applying/removing a voltage
wol@owill now- -be-described--with -reference to Fig. 2. This -
example corresponds to the sfeps shown in Fig. 1(C) onward.
<Step a>
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 ﬁucieotide chain D1 is‘stretched (refer to the
20 states shown in Figs. 1{C) and l(D)).
Additionally, the optimum conditions fof 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 Micréfabricated |

25 Structures", IEEE Transaction on Industrial Application Vol.




An exanpl e-of a step of applying/renoving a voltage 10 will now _

. be-described with reference to Fig. 2. This exanple cagph t he
steps shown in Fig. 1(C) onward.- <Step a> By placing gbaﬁﬁﬁgggf%ggchain in

the electric field formed by the application of ‘a high frequency, high

. voltage, 15 induced pol arization of the nucleotide chain is perfornmed, and

t hereby the nucleotide chain is stretched. Consequently, in step a, by
appl ying a high frequency, high voltage, the target nucleotide chain Ti is
stretched, and simlarly the detectiqginycleotide chain D is stretched
(refer to the 20 states shown in Figs.“1(C) and 1(D)). Additionally, the
opti mum conditions for the high frequency, high voltage, are considered to
be 1 x 106 VVm and about 1 MHz (refer to Masao Washi zu and Gsanu

Kur osawa26," Hiogc 2o s Patlild SvEAI7RUIL%00n .of DNA in M crof abricated 25
Structures", |EEE Transaction on Industrial Application Vol. 20 Novenber
2006 - 27 265St@p. b26, p.1165-1172(1990)). <Step b> At the timing in

whi ch the nucl eotide chains D2 and T2 are believed to be relatively noved
and brought chbsBheotbméaghint Weicht hbevoneagetider ehaird, DAnand T2

hybridi zation iis carried out naLnI{ based on the Browni an novenent (refer
to the &F5t 8eA6WRT fOFPS. redpf)vely moved and brought close to

5 each other, the voltage is removed, and hybridization is
carried out mainly based on the Brownian movement (refer to
Cf»- the state shown in Fig. 1(E)).
<Step <>
By applying a rectangular wave voltage in the positive
--10. -.direction,-the-target-nucleotide chain T2 which is still not
close to the detecting nucleotide chain D2 is moved by the
Coulomb force so that the target nucleotide chain T2 is
located at the proper position for hybridization with the
detecting nucleotide chain D2 (refer to the process 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 applyihg 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)).




<Step c> By applying a rectangul ar wave voltage in the positive 10
direction, the target nucleotide chain T2 which is Stllbbﬂﬂ%mb&l g to t he
detecting nucleotide chain D2 is noved by the Coulonb™orce so at t he
target nucleotide chain T2 is located at the proper position for

hybridi zation with the detecting nucleotide chain D2 (refer to the process
fromthe 15 state shown in Fig. 1(D) to the state shown in Fig. 1(E)).
'<Step d> | 1 The voltage is renoved again, and the hybridization is
carried out mainly based on the Bromn|5% novenent (refer to the state
shown in Fig. 1(E)). 20 <Step e> Next y applying a rectangul ar wave
voltage in the negative direction, the target nucleotide T2 which is stil
not close to the detecting nucl eotide D2 is noved (refer to the process
fromthe stat€Sshpwh>in Fig. 1(D) to the state 25 shown in Fig. 1(E)). 20
November 2006 - 28 <Step f> The voltage is renoved again, and the :
hybri di zat i onThg V@étag@dléuremawﬁﬁyagased andt hbeBhplnidhzabiemens (refer

to the state shown in Fig. 1(E%? 5 <Step g>
_ carried out mainly based on the Brownian movement (refer to

the state shown in Fig. 1(E)).
5 <Step g>
By applying a rectangular wave voltage in the positive
CT} 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, aﬁd the hybridization is
carried out mainly based on the Brownian movement (refer to
the state shown in Fng l(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 iﬁ Fig. 1(D) to the state shown

20 in Fig. 1(E)).

{Step 3>

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>




By applying a rectangul ar wave voltage in the positive a direction again,

the target nucleotide chain T2 which is still not clo %ecting
nucl eotide chain D2 is noved (refer to the process frgﬁﬁiﬁg&%%gg@ shown in

Fig. 10 1(D) to.the state shown in--Fig. 1(E)). <Step h> The voltage is
renoved again, and the hybridization is carried out mainly based on the
Browni an novenent (refer to the state shown in Fig. 1(E)). 15 <Step i> By
appl ying a rectangul ar wave voltage in the negative direction again, the
target nucleotide T2 which is still not close to the detecting nucl eotide
D2 is noved (refer to the process fromthe state shown in Fig. 1(D) to the
state showmm 20 in Fig. 1(E)). <Step j> The voltage is renoved agai n, and
the hybridization is carried out mainly based on the Browni an novenent

(refer to tHEStRELeoWRIAe ghualeyfidoschainp(R2 20T Novewieeh 2006 29
The doubl e-stranded nucl eotide chain (D2 + T2), which is the reaction
product £8rhBE B§aEhéCRyBFPERSEL fBRMefsbysthet brbaidhadatianhi B f requency,
hiah vol (a9 cRDY uhbeR" SR80 creqtendy, Snheh 00 TEd L) elag o Fo- 1R
fluorescence reading is performed (refer to Fig. 1(F)).
5 With respect to the step of applying/removing the
rectangular wave voltage, etc., an appropriate step or
(ﬁ} timing may be selected or determined depending on the type
) of the reaction p;oduct to be handled. The step or timing
is not limited to the one described above. The frequency
10 . and.the voltage may be.appropriately determined depending on - - -
the purpose.
A bioassay substrate usable in the present invention
and a biocassay apparatus aésociated 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 recordinglmedium, sﬁch as CDh, DVD, or

25 MD. That is, in the substraté_z, recorded information can -




5 Wth respect to the step of applying/renoving the rectangular wave
vol tage, etc., an appropriate step or timng may be s t ed d$ term ned
depending on the type C) of the reaction product to bgbﬁgﬁ%P8§£2 ﬁe step
~or timng is not limted to the one described above. The frequency .10
and the voltage .my be appropriately determ neddependi ngon the purpose. A
bi oassay 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 show ng the appegy ance of a bioassay substrate
provided with many detecting elenments "W th a predeterm ned structure. Fig.
4 is an enlarged perspective view showing a "detecting elenent” provided
on the substrate in a Ereferred enbodinment. It is to be 20 understood that
t he subsbeareadsaptécihliyhe present invention is not linmted to the one
shown in the drawing. A bioassay substrate 2 shown in Fig. 3 includes a
base plate fofl& kAse-Rhaped wubeh rbs ecqupeegd wif ciiast usebiager  an opti cal
i nformation, recordi ng nediu such as CD, DVD, or 25 MD. That is, in the
subst r at 81 21CPRcoPELHCRAPBRARET ORCLHALYOENBY eRBePtRODGSYRtBEtige read
optically. The se plate, which is conposed of quartz gl ass,
p. ¥e51n W ?Ch_gan be formed intong disc, agd prefgrably
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 ma..y.....be....._fo.r_‘_med.._.._..... R S S e
An evaporated aluminum layer is 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 élways 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




silicon, polycarbonate, polystyrene, or other synthetic resin which can be
formed into a disc, and preferably 5 injection-nDIdabl§0§%ﬂ%msgk%05esin, IS
formed into a disc. By using an inexpensive synthetic resin subStrate,

llow running cost can be achieved conpared to the conventionally 1 1 used
glass chip. A hole (not shown in the grawing) for fixing a spindle which
is used for rotating the substrate 10 may be forned. An evaporated

al um num |l ayer is forned on one surface of the substrate 2 at a thickness
of about 40 nm and the layer functions as a reflecting film In the

refl ecti ngatérialsthedstiné ateyeef bectcourescf%loe swoetfaoen 2 he base 15
plate with a refractive index of 1.5 or nore. Alight- transmtting |ayer
conposed @fsaribadspharentagbasspplyranspasemstrasd 20 ovhidle ¥ikle is
deposited on the reflecting |ayer. Additionally, when the base plate is
conposed Bf deerHagerbalovi thebehi gh &9l e€tance, it is not al ways
necessary to formthe reflecting film because the surface of the base
plate itself fURRYiSRCELIRT ret¢RREThigl stFe srlerayed omifgre Hghtect ance
film such as a, neta i is formed, the fluorescence intensity of a

f1 uor esceﬁ???%ﬁ%@h%dﬁ%&@e@ 23° stBstaneRd e bl HetkededRG t h hi gh

SenSitiViégrigygrgf QQ¥§§$e£f2tQ§ cggter 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
bothrthe deteqting 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.

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
electrode E1 and a electrode E2 for forming an electric
field to stretch the détecting 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 ié ermed as a cell which opens toward

the top and which is rectangular when viewed from above,

for




materials and the | ayer structure of the substrate 2 described above al so

apply to a substrate 20 which will be described bel owr i-g. 6).
Many detecting elenents 1 are arrayed on the |ight- tr§&$§$§ﬁ$%§ﬂﬁ§yer SO

as to extend radially fromthe peripheral region of the center of the
substrate 2 when viewed from above. %g. 4 is an enl arged perspective

vi ew showi ng one of the cell-type detgtting elenents 1. Wth respect to
the detecting elenents 1, a case in which both the detecting substance and
the target substance are single-stranded nucl eotide chains wll be

descri bedeasmplet ypital aedappheofHowemer a ilLengsht ofbe00nger sinddat hat the
reacti on substances detected by the detecting elenents 1 are not |limted

t heret o. Thdtheaft POniel eHenevéri nthadebapedehdcsina sfirfaceceBlwhich is
surface-treated for immobilizing the ends of detecting nucleotide chains
repr esent @gebposyhippited o gheser sHewrl inntha érewingde E2 for form ng an
electric field to stretch the detecting nucleotide chains D prelimnarily
i mobi | i zed onThRed@EeeEirBnssGffaeeSSisandacadreacthenirnegron R which
provides a field for hybridization between the detecting nucleotide chains
D and tafYEfafREcPéotPBectRaFAST. EXnsifdpsferanpl Bhet Reackdartion regi on R

is formed as.a cell icg opens toward the top and which is rectangul ar
when vi ent89tP8niabovae ?Bgctlon surface S 1s 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
limited as 1long as it is surface-treated so that the
préliﬁiﬁégiiy.pioceséééuéﬁamgf the detecting hucleoti&é
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 of a biotinylated nucleotide chain.

A preferred method for immobilizing the detecting

- nucleotide chain on thé detection surface S will be
described below., By applying a nonuniform electric field
to the reaction region R, the detecting nucleotide chain
(which is liberated in the reaction region R) obtained by
the action of the electric field moves toward the
detection surface S in-which the electfic lines of force
are concentrated, and the end portion of the detecting
nucleotide chain impacts against the detection surface S.
Cdnsequently, the detecting hucieotide chain can be

reliably




20 Novenber 2006 32 exanple, with a depth of 1 pm a length of 100 m and
a wdth of 50 . However, the shape and size of the cel, imted
to those shown in the drawi ng. The detection surface SZP;%%%&@@%&%% t he
inner surface of the 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 bﬁﬂgbilized t hereon by chem cal

bondi ng, such as coupling. That is, e detection surface S is not
particularly limted as long as it is surface-treated so that the
prelimnarily processed end of the detecting nucleotide chain D, such as a
DNA pr obe impatribe zendnohi theedetEoticexanplifaceasdelacbidarsuof ager$ which is
surface-treated which streptavidin is suitable for imuobilization of the
end of a bust thybamedhadcifevpirdblyhathe Aepréfiwer etleabtrhdd Fdrikmobil i zi ng
the detecting nucleotide chain on the detection surface Swll be

descri bed ShéP6#. 1BfFeapprylhgas ABAWRAI £B8r Figl et r SEMPPEI W 1RoFitie feaction
region R, the detecting nucleotide chain which is liberated in the
reaction F8§F8ﬁ6ﬁ$soﬁtgPH@H BYPPLKefqEt RBRL¥LNENBOREECERI BRI el d nDves

o g teL e L B-HAE Soh R Qebugh SR e e LAop, o Toree are

concentr a?88
' In Fig. 4, reference numeral 3 represents a tip of a

nozzle for dripping a sample solution 5. The nozzle 3 is
constructed so that the sample solution 5 contailning the
detecting nuclectide chain D and a sample solution 5°'
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
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 whiéh a
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 bubbie jef (registered

trademark) method, and an ultrasonic jet method.




nucl eotide chain inpacts agai nst- the detection surface S. Consequently,
t he detecting nucleotide chain can be reliably 20 Nov ; 3
i rmobilized on the detection surface S. In order to ca?peﬁﬁgﬁ®gt(P§ met hod
favorably, the negative electrode E2 is shaped |like a conb as shown in
Fig. 4. Synbol Vin Fig. 4 represents a power supply for applying power to
the positive electrode EIl and the negative electrode E2. In Fig. 4,
reference nuneral 3 represents a tip of a nozzle for dripping a sanple
solution 5. The nozzle 3 is constructegd so that the sanple solution 5
containing the detecting nucleotide chain D and a sanple solution 5
containing the target nucleotide chain T are dripped into the position of
the reaction region R by accurate tracking based on the positional

i nformati on abd thetRieoralecynthr bpkzaet orethrdr matdveebeovigled by the
substrate 2. As the dripping neans, an ink-jet printing method is

pr ef er abEyegsed. bYheheeRs8ASREE PH| dieplapghent apupsdr Byl Ehecan be
accurately dripped into the_ predeterm ned_reaction_region R site (which

al so appPPedicEignsabstrBiéseot@edcPiBeaeherbiiC Fhem™enfik-j éheprinting

et hod’ | SR ToL 00 (Lo Y0Len g 0222k ool oA LK LEL L1 "hELnbS
5 in which a droplet is ejected by the pressure of a bubble
generated by activating a heater in a nozzle. A silicon
(ﬁi substrate acting as a heater is embedded in the nozzle, and
by controlling at about 300°C/s, uniform bubblés are formed,
and droplets are ejected. However, since the liguid is
.10..—exposed-to-high temperatures, care must be taken when this
method is used for samples of biological substances. in the
" ultrasonic jet method, an ultrasonic beam is apﬁlied to the
free face of a liquid so that a high pressure is applied
locally, and thereby a droplet is ejected from that spot. A
15 - nozzle is not required, and a droplet with a diameter of
about 1 MUm can be formed at a high speed.

In the present invention, as the "ink-jet printing
method"”, a "piezoelectric ink-jet method" is pfeferably used.
Since the size of a droplet (miCrodroplet) can be controlled

20 Dby changing the shape of the pulse to be applied, analysis
_ accuracy can be improved édvantageously. When the curvature
- radius of the surface of a droplet is small, the size of the
droplet‘can be decreased. When the-curvature_radius-of a
aroplet is large, the size of the droplet can be increased. .

25 By rapidly changing the'pulse‘in the negative direction,‘the




whi ch, using electricity, a detecting substance is ejected fron1a printer

head and then is fixed, as in the 1ink-jet printer. ?ﬁﬁ& %ﬂ% met hod
include a piezoelectric ink-jet method, a bubble jet reglsFEr

trademar k) nmethod, and an ultrasonic jet nethod. - - -- ------- ----
Novenber 2006 34 |In the piezoelectri 5i_nk-jet nethod, a droplet IS
ej ected by the pressure of displacenen caused by the application of a

pul se to %uEEE%erﬁcﬁrhgoghgﬁeﬁg E dbgHQE?dJEB %Bﬁg'ﬁﬁgrggr%%QSEQBrk)

met hod is er ma roplet I's ejected e pressure

of a bubb&gdlggnegagggrggsggt|vat|ng a heater in a nozzle. A silicon
substrate acting as a heater is enbedded in the nozzle, and by controlling

at about 300C7§1neelﬁghgle@bEhesdeeec£95599uc1eeelaéOeﬁeiﬁsabe ej ect ed.
However, since the liquid is 10 , exposed-to.. high-tenperatures, -

car enust benfagléenmaenthel eeaeeibﬁdregleﬁed hob sARBbesi 8&4 bRl egé cal
substances. In the wultrasonic jet nethod, an ultrasonic beamis applied to

the freedtaset@bnashir@uicd SowihnttﬁehblBeQrBéﬁﬂ@efb$d@@pkr@ﬂer|@68||y, and
thereby a droplet is ejected fromthat spot. A 15 nozzle is not required,
and a dropliet ™ th)&a,ddamreher hgbridbeatidnnweéan berfet nedcbéodide gh speed.
In the present invention, as the "ink-jet printing nethod", a
" pi ezoel echaiinsi ikwheéthnerbhodtippedr efeeavbydyspdoblems, such as

steric hindrance, occur, and the reaction efficiency ie

low.

Therefore, based on the biocassay method of the present
invention, power is applied to the electrodes El and E2 to
cause a potential difference in the reaction region R, and
thereby an electric field is formed in the ligquid phase {a
salt solution) stored in the reaction region R so that the
detecting ﬁucleotide chain D and the target nucleotide
chain are stretched liﬁearly {straight) along the electric
field.

Since steric hindrance, etc. is relieved,

: complementary base sequences easily come close to each
other, and hydrogen boﬁding,(complementary bonding)lbetween
bases of the linearly stretched detecting nucleotide chain
D and thertarget nucleotide chain T which is labelled with
a fluorescent dye or the like takes place efficiently.

That 1s, the hybridization reaction between the

detecting nucleotide chain D and the target nucleotide chain -

T is carried:out efficiently. Consequently, hybridization




Since the size of a droplet (mcrodroplet) can be controlled 20 by changi ng

t he shape of the pulse to be applied, analysis accuraﬁé an bhe kﬂBroved

advant ageously. Wen the curvature radius of the surfd& gﬁg?nbgrroplet is

small, the size of the droplet can be decreased. Wen the curvature radi us
of a droplet is large, the size of the droplet can be increased. 25 By
rapi dly changing the pulse in the negative direction, the 20 Novenber 2006
- 35 surface of a droplet is pulled inward so that the curvature radius

i s decreased. Since nany of the detec%%ﬂg nucl eotide chains D dripped into

the reaction region R are i mobilized the detection surface Swth the

bases being folded (refer to Fig. 1 (A)), during hybridization with target

nucl eotide chains T which are dripped afterward, problens, such as steric

hi ndr anceeaotdun, tamd fhesheattned ehfli thenpyobabildty Thetefelege based on
~the bioassay nethod of the present invention, power is applied to the

el ectrodpsesktisadoE2fadbsecnagetavpotreanilak diréf ehewnediuminperesdéngon

region R, and thereby an electric field is formed in the |liquid phase {a

salt sol isi dafreasedd vhicheipenseifenabdégi-on R so that the detecting

nucl eoti de chain D and the target nucleotide chain are stretched linearly

(straight) albhg- thelelawtenkarged| gechematic 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
CT} . 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- - ~ oo
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
N the drawing). In this embodiment, it is possible to carry
(i} ‘out a procedure iﬁ which the phase change material is
solated undér high temperatures; a voltage is applied in
this state.to array nucleotiderchains, such as DNA; the
20. phase change material is gelated by decreasing the
temperature; and furthermore, the phase chénge material is
solated under optimal femperature 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




Since steric hindrance, etc. is relieved, conplenmentary base sequences

easily conme close to each other, and hydrogen bondi ng @fﬂb ry
bondi ng) between bases of -the linearly stretched deteg®ﬁﬁggh§c eo?ide

chain D and the target nucleotide chain T which is labelled wth a
fluorescent dye or the like takes place efficiently. That is, the
hybridi zation reaction between the detecting nucleotide chain D and the
target nucleotide chain T is carried out efficiently. Consequently,
hybridi zati on 20 Novenber 2006 36 r tion tine is shortened and the
probability that false positive or false negative results are shown during
reading 1is decreased, which is preferable. Fig. 5 is an enlarged schematic
di agram whi ch shows the 5 detection surface S and its vicinity of the
react i onnuedieotidr chatins,detedt iasg lenente BtrEtghes,sofhdmit iical |y shows a
state in which a detecting nucleotide chain D of which end CJ' is
i nmobi | | pes@ferabpe.detection surface S and a target nucleotide chain T
havi ng a base sequence_that is 10 conplenmentary -to the base sequence of
t he detectinfddibitpeaiide Whanntheabdadgorehfings nat¢viad aigoopletedr and
The reaction region R (or .a ,reaction_ region R which will be descrj bed
bel ow) n&yehe £r| Pe@ORPLRid 1hNadEadnhBvgeidigaddion doasemots PX9cessh ose gel ,
whi ch. can under go
IB success ulﬁy 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--w
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 i1s 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




15 reversi bl e phase change between gel and sol (not shown in the draw ng).

. In this enbodinent, it is possible to carry out a pro J ich t-he
phase change material is solated under high tenperatu%@gﬁkgn%%fﬁgge is

applied in this state to array nucl eotide chains, such as DNA; the 20,
phase change material is gelated by decreasing the tenperature; and
furthernore, the phase change material is solated under optinal
tenperature conditions for the reaction during hybridization. If the phase
change material 1is allowed to naintagﬂathe gel ated state during 25
hybri di zati on, hybridization can be petforned while the 20 Novenber 2006 -
37 nucleotide chains, such as DNA, are stretched, which is preferable.
Addi tionally, when the phase change material is gelated, there is a
possi bi | i§ykhbah hbybbedezaresnedowkenoh paecéedlarsddeeaséubkbyumnhkenst he
~sanple solution 5 containing the target nucleotide chains T is dripped
into thepdesenti hy tkhbesemplé. sdhetebor 8! astracekdcfrophar given a

| ongi tudi nal recess may be prelimnarily formed at the dripping point so

t hat t hecgbhhpl ersbhat ibkeis Hsi ppedsihte the pecwszentd Fhethar get

nucl eotide chain T may be | abelled with a fluorescent dye, or an

i ntercal dtoeanayipetheedel¥hes prediehidtor is incorporated into the

hybri di zed doubl e- stranded nucl eotide in such a manner that the
“intePcal at or In order to read substrate information, the substrate 2

is irradiated with arlaser beam (e.g., blue laser beam) to
(ﬁ} excité 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 wvisualization (which also applies
15 to the substrate 20 described below).
. A substrate in a second embodiment of the present
(15 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 sectibn 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 8', each




is inserted into the hydrogen bond between the bases of the 15 detecting

nucl eotide chain D and the target nucleotide chain T.
fl uorescence wavel ength is shifted toward the Iong-ma&@ﬁgﬁgﬁﬁm%?gﬁ, and

al so, based on the correlation between the fluorescence intensity and the
anount of intercalator incorporated jpto the double-stranded DNA, 20
quantitative detection is enabled. Asthe fluorescent dye wused for the
intercalator, POPO-1, TOTO- 3, or the like may be selected. For exanple, it
is possible to confirmthe fact that a target nucleotide chain that is
conpl enmenthamingo thike s2Bedet eotiingenaesl ebeidefchhend®teonianni ng a narker
gene whi ch 20 Novenber 2006 - 38 is known to be expressed when a
particul asudifecgsé ofctihs tsteprésanelemenhelsanptepsatati ohtB' aextract ed
froma given cell, or the like. As a result, the occurrence of the
di sease | Prefetesminegd pisperedthsrehedraen oo Feadisudst aréa¢af or mati on,
the substrate 2 is irradiated wwth a |aser beam(e.g., blue |aser beam to
excite eadh®fef8fi §adtednohlR lPRE1FNDSRBScAhERctAPRNSFtYhes detected by a
detector (not shown in the dramﬁng), and the state of bonding reaction
bet ween t HECG&Eect FhgSAGRI BoEFdBRCEE ERGI ACEPEGRUCR NBUT EBERI 201t ar get
nucleotidg chai.n ii dgteaningg. Lastly, the flugr scence jntensities for
the indi vPdB&F: r 84&FFoHIPEglOng" e AP DPEQHVETT e afd the

sandwich the reaction region R’ (refer to Fig. 5(B)).

Additionally, the groove-type detecting element 10 may be

described as a structure in which the cell-type detecting

elements 1 are arrayved in the groove.

The electrodes E3 may be formed as a common

electrode, and similariy, the electrodes E4 may be formed

as a common electrode. That is, the electrode E3 and the

electrode E4, which are common electrodes, may be placed

in parallel s0 as to féce each other with the reaction

region R' therebetween. In such a structure, current can

be applied by pressing a needle probe to the electrode E3

and the electrode E4 from the above.

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 reproducibility.




di stribution of bonding reaction rates is displayed on the screen of a.

?-conputer C for visualization (which al so applies 15 to:&ﬂg G 20
descri bed below). A substrate in a second enbodi nent of tﬁgﬁﬁﬁéégnt

~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 enbodi nent,
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 el enents 10. The detecting glenents 10 are fornmed as grooves in
which reaction regions R radially extend on a disc-shaped 25 substrate.
In each groove, detection surfaces S, each 20 Novenber 2006 39 having
the sane structure as that of the detection surface S of the detecting
el enent 1, ar@h¢hatkd grotva-typedéctenthrg dlahanceld his edapepsdon t he
inner surface Y of one side in the longitudinal direction of the groove.
At each &tt@swaeseibhe #et éeedon dugbadeusSing chpikddryebetipondesrE3 and E4
are provided so as to sandwich the reaction region R (refer to Fig.
5(B)). A8diePofalliguidhéeghdpuerrppesdetiacvhaghetbaenentoifugabe _
described as a structure in which the cell-type detecting elements 1 are
arrayed FRTFRed@REB9ESITRYE &Pbetibdeshesdity-phapsdneubasrateoimoa
5 predetermined manner is utilized.
Specifically, a liquid pool 21 is provided in the
(ﬁl center of the substrate 20, and the sample solution 5 (5')
(refer to Fig. 4), a cleaning liguid 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. rMany address pits are
preliminarily formed by an optical disc mastering process in
- the rotation direction of the substrate 2 (20). Assuming

that the sﬁbstrate 2 (20) is an optical disc, the reaction

25 regions R (R') in which the liquid is dripped and detectibn.




el ectrode, and simlarly, the electrodes E4 may be forned as a common

el ectrode. That is, the electrode E3 and the electrod i C re
common el ectrodes, may be placed in parallel so as toapgggwﬁgg%ﬂ%ﬁher W th

the reaction region R therebetween. In such a structure, current can be
applied by pressing a needle probe to the electrode E3 and the el ectrode -
E4 fromthe above. The reaction regions R may be fornmed in pits (not
shown in the drawing) which are arrayed in each groove. By dripping
m crodroplets into the reaction regions in the pits, it is possible
achi eve substantially the sane spof’§$&éﬁ and the fluorescence intensity
can be detected wth high reproducibility. 20 Novenber 2006 - 40 Wen
t he groove-type detecting element 10 is enployed, it is possible to feed a
| i qui d ugsngeedpirhkdr yoatkisppndoto tBettsdadal reyidnseediagtheoeehsri N whi ch
the centrifugal force generated by rotating the disc-shaped substrate in-a
5 predet eeginad sgnobronsust plitsedreSpechfedablyya aampdei depwol 21 is
provided in the center of the substrate 20, and the sanple solution 5 (5")
(refer twmeEhgd,4pr thel dakengahdqiuheé osbdrf oepgiempiknglan uesrdess target
substance which is not actively linked after 10 reaction, etc is injected
into thetkbgkidgpesekvel. Byrtheraprmg bheivebstiageaddreshephifdi d can be
snoot hly and ‘

5 (geographical addresses on the disc) immediately after the

synchronous pits, positional information is provided.

{fE 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
“1Q---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 biocassay 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




reliably fed fromthe central region of the substrate into the grooves

(i.e., reaction regions R). In each of the detecting RARA the
substrate 2 15 and the groove-type detecting el enent %h 6}8®P%é fOgn t he

substrate 20, it is possible to inmmobilize different detecting substances
D for each detecting elenent or for each group of detecting elenents. The-
positional information and the rotational 20 synchronization information of
the substrate 2 (20) will be briefly described below. Mny address pits
are prelimnarily formed by an optical_disc nastering process in the
rotation direction of the substrate 2 %%07. Assum ng that the substrate 2
(20) is an optical disc, the reaction 25 regions R (R ) in which the liquid
is dripped and detection 20 Novermber 2006 - 41 is perforned correspond to
user dat antegi'ors. bendrigpedhecuredieldy, istactheneesdRiich akgiai ®&yed by a
sanple servo nethod, or the like, and the other region is also used as a
tracki ng (Bénvef Ehet bebsuntreteby i(29¢r basgdadedr ehe paistisionageogr aphi ca
addresses on the disc) imediately after the synchronous pits, positional
i nf or mat loformapion ded. rohetiddeds sypahtrond za tdombiinforoattiloat begi ns with
a sector nmark which is a leading pattern, followed by a VFO (Variable
Frequencprosdidedattaoh whieckubstiragks 2t H€010 rot ati onal phase of the
rotating disc, an address nmark which
5. Instead of using the address pits, addressing may be
performed by a wobbled groove formed on the track, in which
(ﬁ; 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--~atracking 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 bicassay method of
the present invention can be favorably performed.
In particular, in the biocassay substrate described
above, the following advantages can be obtained.
That is, in the conventional DNA chip technoclogy, 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)rof the substances.




shows the starting position of address data, and an ID (ldentifier) -

i ncluding track and sector - nunbers. In order to perfor j usi ng
the substrate 2 (20), preferably, an apparatus includgﬁgﬁg?gﬁggs 6the 15
foll ow ng nmeans and nechanisns is enployed. That is, the apparatus (not
shown in the drawing) includes at |east a substrate rotating nmeans which
rotatably hol ds the substrate 2 (20); a dripping neans 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
predet erm ned sequence and tim ng whi 148 the substrate 2 (20) is being
rotated by the substrate rotating neans; a focus servo nmechanismfor

mai ntai ning a certain distance between (a nozzle of) the dripping nmeans

and the substtatend £3RYyenfbonral BNAT8BkbNgssaEvotREehABESevvbich al | ows the
solutions 5 20 Novenber 2006 42 and 5 to be dripped accurately into the

react i oncheg@howhRch( Rs) peklihenanhiyr dineodi(A@edbasedhen sult€apes offi onal

~information and rotational synchronization information provided fromthe

substrat eh2 &@Bptrhtenshdadhdfthuiisngsehle fadddessopibs, iaddodssi ng may be
performed by a wobbl ed groove fornmed on the track, in which positional

i nf or mat henesnatrhéydhedd diobaailyedthy adicuswicygint hgbwidblzetdeonas to have

clock information according to the position. Sinultaneously, by using the

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

(fg Furthermone, in the conventional DNA chip in which DNA
probes which are different in Tm (melting Temperature) or GC
content, as detecting substances, are arrayed cn 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 biocassay substrate

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

(1) Inrthe bioaesay 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 nucleoctide chain is accurately dripped'




10 atracking servonechanismis enabled. Furthernore, by formng both the
address pits and the wobbl ed groove, addressing and tgeg&kpgmsqﬁmg contr ol
can be perforned nore accurately. By enploying the su strate or 20 and
- the bioassay 15 apparatus including the substrate, the bioassay nethod of
the present invention can be favorably perfornmed. In particular, in the

bi oassay substrate descri bed above, the foll ow ng advant ages can be
obtained. That is, in the conventional DNA chip technol ogy, since 20 the
integration degree and the integration density are low in the DNA chip
itself, the amount of analysis that cdit 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 allocation
25 (grouphng) tak kbecsibat asgésn 2@ NoeedbercZOAg eleddntln Thereby, :
conventional DNA chip, since the nucleotide chain which is prelimnarily
i mmobi | | hgdradizheisnr faceapkietiheusubstwake ahd dkitebtisgused for
detection is not necessarily held linearly, the accuracy in hybridization
5 with theclapgétdenabbiént kdd tvhei ésrgat nocdeekiidehichdiance, etc., and a
| ong period of time is required for the reaction. Furthernore, in the
convent i 6ansepNAnthyp hpbwhilsRablrnpesbebewneshoameddefféceantid Tm

(el t5i ng Tenperature) or CC

over a short period of time.
{3) Since an assay can be performed by selecting
(i} optimal reaction conditions, etc., for each detecting
element or for each group of detecting elements, the
incidence of falselpositivé 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 bicassay 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, pharmacogenomics, forensic medicine, and

other fields.

25 Industrial Applicability




content, as detecting'substances, are arrayed on the two- 10 di nensi onal
surface of the substrate,: due to exposure to the sane Bé@iidiﬁaEkﬁ@

conditions .and cl eaning conditions, the risk that fals 6B§?lﬁbe or fal se

negative results are-shown is high. In contrast, in accordance with the.

bi oassay substrate 15 of the present invention, the follow ng great

advant ages can be obtained. (1) In the bioassay substrate of the present
invention, since |large quantity and | arge nunber of detecting el enents

can be forned, a large accunul ation of recorded information 20 is enabl ed.
(2) An electric field is applied to'a.ﬂ%récting nucl eoti de chain which is
i mmobi l'i zed on the detection surface of the detecting elenent so that the
nucl eotide chain is linearly stretched, and then a sanple solution 25

cont ai ni ng a Tl getesent eQhivdnt €bai Nats areural ebyifAyi ppedi2d-Novenber 2006

- 44 into the reaction region of the detecting el ement. Thereby,
hybri di zativantageoasr eédeatits .bet ween the detecting nucleotide chain and
the target nucl eotide chain. Consequently, hybridization can be perforned
efficiently 5{bvefnatishdpiopesapdmethotdner H3paSsageappanssay csAnthe
performed by selecting optinmal reaction conditions, etc., for each
det ecti ngresent 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.
L0 - (2} The -present - invention—is particularly“useful for
‘bicassay 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 presentiinvention can be used for the
testing of antibody—antigen reactions, the assay of

‘endocrine disrupters, etc.

20




el ement or for each group of detecting elenments, the incidence of false

positive or false negative results can be 10 - renmarka decre .
Consequently, in the bioassay substrate, it is possib&@ﬁﬁY%ﬂﬁfg&%ut

anal yses extensively, efficiently, and highly accurately, and noreover,
the cost for recorded information iS_|?&L_(4) The bi oassay substrate of
the present invention is 15 particularfy useful as a DNA chip or biosensor
chip. It is also possible to provide a disc-shaped m crochannel array

wi th a novel structure. The substratqihgg%%he present invention, as DNA
chi ps, can be used for the analysis o e mutations, SNP (single

nucl eoti de pql yngr phi s 20 anal ysi s, gene expressiaon frequency anal ysis,
etc., and algo n@a%lﬁﬁ S AsiCPBPY 15dnd: ke t@&Fé@pABnt of new dr ugs,

l'inical di ' h ' f i di ci ne, d other field
25 I ndust 1147 AR | BAbY T 1y 20° ROVERBET - 2066 258°C T BFELTAT: i nvention
have the follLow.pg-spg |gigmeggv?ﬁéﬁgfgyﬁgﬁ%égfé§s (1) I'n the bioassay

nmet hod or bioassay apparatus present “invention, by controlling the
tining of the elegd#deridn fdetthdOrimBidion 4 s FLa0td QL dLPI on provided on

the detecting elenent, the efficiency of the interaction between a
detecting Substamebiandiagtar getesubayanaBstanthe reaction
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 non-
wopilased AC-electric field in-the reaction region,
wherein the method comprises the steps of:
transporting the target substance by applying the
non-biased AC electric field,
applying the non-biased AC electric field to the
detecting substance and the target substance for
hybridization after transportingrthe target substance,
turning on/qff 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.,




region can be inproved, and it is possible to control the reaction timng.

10 (2) Thepresent invention is particularly useful for i t hods
based on DNA chi ps and bi osensor chips, and can be usggqiﬁgﬁﬁﬁ%mgﬁalysis

of gene mutations, SNP (single nucleotide polynorphism analysis, gene
expression frequency analysis, etc., and al so can be used extensively for
the 15 devel opnent of new drugs, clinical diagnosis, pharnmacogenom cs,
forensic medicine, and other fields. Furthernore, the present invention
can be used for the testing of antibody-antigen reactions, the assay of
endocrine disrupters, etc. 20 20 Novemher 2006 46 CLAIMS 1. A bioassay
nmet hod conprising detecting an interaction between substances by a
det ecti ng e}-enmdntbioasheydettkdd ngcededany twomMBLis DY abrtgast: a detection
surface which is surface-treated for inmmobilizing a detecting substance; a’
react i on SERGF MG EReprbepsiesta field for interaction between the
detecting substance immobilized on the detection surface and a target
subst ance; andcafiBfeetre¢kedtriel-firld rep means whirehchothe an el ectric
field in the reaction_region by applying a non-

detecting nucleotide chain immobilized on the detection

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

subsequently performing ££éuﬁyb£idiz§£i;ﬁ”Qith the

electric field being removed.

4. A bioassay apparatds 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 wﬁich 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 non-
biased A/C electric field in the reaction region, and

switching means for




bi ased AC electric field in-the reaction regi on, wherein the nethod

conprises the steps of: transporting the target subst gpﬂj ing the
non- bi ased AC electric field, applying the non-biased 2@&§P§%?rlceﬁield to

the detecting substance and the target substance for hybridization after
transporting the target substance, turning on/off the electric field
formation by the electric field-formng neans at a predeterm ned timng.
2. A bioassay nethod according to Caim1l, wherein the detecting substance
and the target substance are nucleotide chains, and the interaction is a
hybri di zati on. 20 Novenber 2006 47 - 38 A bioassay nethod according to
Claim2, further conprising the steps of: formng an electric field so as
to stret céwitrhingetoericfify tinecledetitdécchbénd i fomindicedton t he detection
surface at the end; subsequently adding the target nucleotide chain into
the readtiiehegiiond $dpsaquent|y forning an electric field so as to
relatively nove the detecting nucleotide chain and the target nucl eotide
chain in the ME&CELdnthegPdRasEAN apparatus comprises:

transport means for transporting the target substance by
applying the non-biased AC electric field;

hybridization means for applying the non- biased A/C
electric field to the detecting substance and target

substance for hybridization after transporting.

5. ‘A bioéssay 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:
(1) a detection surface which is surface-treated for
immobilizing an end of a detecting nucleotide chain;
(2) electrodes for forming an
~electric field by applying a non-biased A/C electric
field to stretch the-detecting nucleotide chain
immobilized_qn_the detection-sgrface; and
(3) a reaction region which provides a non-biased A/C
eleqtric field fof hybridization between the detecting

nucleotide chain and a target .nucleotide chain.

6. A bioasSay substrate according to Claim 5, wherein
the deteéting element-is a cell-type detecting element in
which the detection surface is placed on one surface,. and'a

.plqrality of‘cell—type_detecting-elements are arrayed on the




subsequently perform ng the hybridization with the electric field being
removed. 4. A bioassay apparatus conprising a detectln% %h%%%ﬂ%:um%he
detecting el enment conprising at |east: a detection surface VR CH 1S
surface-treated for "immobilizing a detecting substance; a reaction region
which provides a field for interaction between the detecting substance
inmmobilized on the detection surface and a target substance; and an
electric field-form ng neans which can forman electric field in the
reaction region by applying a non- biased A/IC electric field in the
reaction region, and sw tching neanssg§or-20 Novenber 2006 48 sw tching
on/off the electric field formation at a predetermned timng, wherein the
bi oassay dippardtarscc aysitsese.t ransport neans for transporting the target
substance by applying the non-biased AC electric field; hybridization
means for applying the non- biased A/C electric field to the detecting
subst ance ﬁp % subst ance for hybridization after transporting. 5. A
bi oassay subsfr {¢ aééﬁﬁrngﬁbr%t%e%%RR#QRPg(ﬂQNﬁ%ﬁHmpﬁvahééebh Bhe

di sc- shape bstr e EO”]Mhi recorded information can be optically
read, the &tggpﬁnge ecting 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 biocassay substrate according to Claim 5, wherein the




el enent conprising at least: (1) a detection surface which is
"surface-treated for immobilizing an end of a detectin chai n;
(2) electrodes for formng an electric field by app|y|%g@“ﬁ%§ﬁ&%#§ged A C
electric field to stretch the detecting nucleotide chain imobilized on
the detection surface; and (3) a reaction region which provides a
non-biased A/C electric field for hybridization between the detecting

nucl eotide chain and a target nucleotide chain. 6. A bioassay substrate
according to Claim5, wherein the deQﬁfpjng elenment is a cell-type
detecting elenent in which the detecti©on surface is placed on one surface,
and a plurality of cell-type detecting elenents are arrayed on the 20
Novenber 2006 48a disc-shaped substrate. 7. A bioassay substrate

accor di ngetotfbai me@lonherfeithet Hetectlihgt plemdattedisi pgoslicdednta arneharrayed
radi ally, when viewed from above, on the disc-shaped substrate. 8. A

bi oassayocfubber grecyesordidigliy ekaenﬂingWheréhn ddisicf-ehepeddet ect i ng

nucl eoti de chains are i mmbilized for each cell-type detecting el ement or
for eachsybstpase,canp- thgpdegecsérnngusifesents. rdacadbiopagbaynsgbst r at e

according to Claim5, wherein the 20 Novenber 2006
surface of the groove.

10. A biocassay substrate according to Claim 9, wherein
(T} - different detecting nucleotide chains are immobilized for

each groove or for each group of grooves.

w1011, A bloassay 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 biocassay substrate according to Claim 11, wherein
{w: ~ the means comprises a wobbled groove or address pits

'prbvided on the substrate.

13. A bioassay substraté acéording to Claim 5, wherein
20 the_reaction regibn is filled with a material which can
undergo a reversible phase change between gél and sol at
between room temperature and the optimal temperature for the

reaction.

25 -14. A biocassay substrate according to Claim 5, whereiﬁ




49 reaction region of the detecting elenent is provided in each of the
grooves radially extending on the disc-shaped substra?gTEﬂggpéhﬂmgetection
surface is placed on an inner surface of the groove. : i 'oassay
substrate according to Caim9, wherein t different detecting nucleotide
chains are i mmbilized for each groove or for each group of grooves. 10
11. A bioassay substrateaccording to Claim5, further conprising a neans
for providing the positional information of the detection surface site and
rotational synchronization informatinggjn 15 12. A bioassay substrate
according to Claim 11, wherein thel s conprises a wobbl ed groove or
address pits provided on the substrate. 13. A bioassay substrate according
to Claim5, wherein 20 the reaction regionis filled. with a materi al

whi ch canheuhgergdiaatever $sbbetphsed blyange ibeeweabagelk.and sol at

bet ween room tenperature and the optinmal tenperature for the reaction. 25
14. A bioassay substrate according to daimb5, wherein 20 Novenber 2006 50
the hybridization is detected by an intercal ator. . '




