S04P1416 DESCRI PTI ON METHOD OF STRETCHI NG

SI NGLE- STRANDED NUCLEI C ACI D, SI NGLE- STRANDED NUCLEI C
AClI D STRETCHI NG SYSTEM AND DNA CHI P Technical Field
This invention relates to a technique for stretchboapl4ls
a single-stranded nucleic acid, which exists in a
randomcoil or like formin an agueous sol ution,

under the action of a high-frequency electric field.
Background Art There is a technology relating to
integrated bioassay plates holding thereon

predet ernmi ned DNAs m croaf¢RARII DY ni croarray

techni ques and generally called "DNA chi ps" or "DNA
m croarrays" (hereinafter <collectively called "DNA
chips"). As a variety or nunber of DNA

oll"i%é@ cERaPTRIEECH NGEEPTBAERER INUIHGAS) A6AD, t he
like are integrated on a glass substrate or silicon

sISEHEr 8T D B LEH G ACEBhABRBEHING EYaTak ANDZzBHA
in that it pernmits a conprehensive analysis of an

i 4Prol ecul ar reaction such as hybridi zati on.
Therefore, DNA chips are used in gene nutation

anal yses, SNPs SO4P1416 (singl e-base pol ynor phi sns)
analﬁses, ene expression frequency anal yses, and the

Trehnaqgl %begun to find

This invention relates to a technique for
stretching a single-stranded nucleic acid, which exists
in a random-coil or like form in an aqueous solution,

under the action of a high-frequency electric field.

Background Art

There is a technology relating to integrated

bicassay plates holding thereon predetermined DNAs
microarrayed by microcarray techniques and generally
called “DNA chips” or “DNA microarrays” (hereinafter
collectively called “DNA chips”). As a variety or number
of DNA oligosaccharides, c¢DNAs (complementary DNAs) or
the like are integrated on a glass substrate or silicon
substrate, this DNA chip technology is characterized in
that it permits a comprehensive analysis of an
intermolecular reaction such as hybridization. Therefpre,

DNA chips are used in gene mutation analyses, SNPs



utility in a wide range of fields such as drug
devel opnents, clinical diagnoses, pharnmacogenoni cs,
forensic nmedicine, and other fields. The
above-descri bed DNA chip technol ogy has now beguaoipiais
shift fromtechnical devel opnents with efforts
concentrated on increases in the nunbers of DNA for
conpr ehensi ve anal yses to techni cal devel opnents with
ainms directed to inprovenents in the accuracy of such
conprehensi ve anal yses and the efficiency of
r égéngoasbampreokpesithiicak) yant hys¢ew gsfne leepression
increasing application of DNA chips to clinica
difZgAvsesY agieR L es | g, thenhilds, havd Hsetfulpegunatcpsgind
for higher sensitivity, quantitativeness and
adEaraty, inhorvide meage of tiebdanelich v Idg rat her
than the nunber of DNA integrated on each substrate.
JapEAéseneRt entcligligadpdaamposeRi MLOIBTERIENSBECSE| ai M
1 and el sewhere) discloses a technique for
eFPEFRALF Medteinml anduethari hslds a high-viscosity
solution or under an electric field under the prem se
of i t s HFplabeaerdaserleddiifodier Syshanletathay aums
RNA, its derivative, its fragnents by an
eﬁfwat*f% shiddctiren GECBReATE aieYalanmemts Varh efforts
technique is 2 S04P1416 descri bed to permt
efPIEFRMIINERMRP dECHPAFRP YLDt HHRFrs of DNA for

- comprehensive analyses to technical developments with
aims directed to improvements in the accuracy of such
comprehensive analyses and the efficiency of reactions.

More specifically, in view of the increasing
application of DNA chips to clinical diagnoses and the
like, demands have begun to arise for higher sensitivity,
quantitativeness and accuracy, shorter reaction time and
the like rather than the number of DNA integrated on each
substrate.

Japanese Patent Laid-open No. Hel 6-038768 (see
c¢laim 1 and elsewhere) discloseé a technique for
eliminating thermal fluctuations in a high-viscosity
solution or under an electric field under the premise of
its application to a method or system that treats DNA,
RNA, its derivative, its fragments by an enzymaﬁic

reaction or chemical reaction. This technique is




the treatnent of high nolecules of DNA such as the
synthesis reaction of DNA strands. Specifically, this
technique is intended to all ow high nol ecul es of DNA

to undergo an enzymatic reaction or chem cal reagtiPriils
under the existence of an electric field. Further,
Japanese Patent Lai d-open No. Hei 8-322568 (claim1,
Par agraph [0001], and el sewhere) discloses a DNA
replication process, which is characterized in that

in an annealing reaction step of binding a prinmer to a
sidegleibedahe eekamiipledtfa cORAL Andard syanuredied vr pacfooning
step of allowing a DNA stand to stretch fromthe
pitihgetreapmenrt egh tiighf mellgchseappf i B tamch esatcheon
solution with materials, a synthase and the |ike
coinahpedsf peacteon mir pY¥desorante. symekésical by britrig
the tenplate DNAinto a linear form This technique

i $eChnégdedis okntpswlsidn tehallewgiubalt iedlesvdiepsps PER to
the determ nation of the base sequence of DNA or in

t HBAPTRO ngR ot Rt lich&eaghpPif Pt athemi il FeBNAlsampLder
and therefore, has as_a prem se that the conponents

r 658 pEESEORCE IR @popéecheserfheblobj ect are contai ned
in the reaction solution to which an electric field

i s to b&HPHEred/2RBAREH ANt AGiki-REensNRndIFL dhodiR568
“any_possible action or effect of a high-frequency ac
ellgdpinclys i BAproGerh $64pihi16and elsewhere) disclosés a

DNA replication process, which i1s characterized in that
in an annealing reaction step of binding a primer to a
single-stranded template DNA and a synthesis reaction
step of allowing a DNA stand to stretch from the primer,
an electric field is applied to a reaction solution with
materials, a synthase and the like contained for the
purpose of the synthesis to bring thé template DNA into a
linear form.l This_téchnique is intended for use in the
sequential analysis for the determination of the base
sequenée of DNA or in the PCR method for the
amplification of a DNA sample, and therefore, has as a
premise that the components required for the above-
described object are contained in the reaction solution
to which an electric field is to be applied.
Nonetheless, nothing is known about any possible

action or effect of a high-frequency ac electric field or




any other electric field on a single-stranded nucleic
acid existing in an aqueous solution of pure water or
the 1like which is absolutely free of any conponents

for the synthesis of DNA, such as a nucleic acidgo4api4is
material, an enzynme and a priner. Further, no
verification has been nade yet about any possible
correl ation between the efficiency of hybridization

in an aqueous solution, which is retained in a
reaction well of a small volune on an integrated

pleate otbeh abeetiDNA fililg Por abs begbaystmandled nucleic

hi gh-frequency ac electric field. A primary object of

t agigr exéat inqvientamrgusoust helef bore,oft @urer whyeanor the
action of a high-frequency ac electric field on a
siligeewbichnte dlbadiugied vadirde exf sanyngeoniponentaqiieoushe
solution, which is absolutely free of any conponents

f synthessynehddizs clucbNAs sushedsia anid eiaterasild an
material, an enzynme and a prinmer; and to make use of

t RazgEbevandes ariived . acFiorhdnr napyesiifagathen has been
efficiency of hybridization in which the

shageeYet ralrldd amycpeseibiei dorselaidradesween the

conpl ementary strand. Disclosure of Invention The
peESeateney it i rifiestion provi desiepususpéiitionciwhich
stretch nmethod of stretching the follow ng single-
stPakhged Rk idl @ aergtior wvell XL By wwwddi Wglumeaen an
S04P1416 electric field of a high frequency to act on
tﬁ§t§9¥@ﬂQg plate such as a DNA chip for bioassay, and a

high-frequency ac electric field.

A primary object of the present invention is,
therefore, to verify an action of a high-frequency ac
electric field on a single-stranded nucleic acid existing
in an agueous solution, which is absolutely free of any
components for the synthesis of DNA, such as a nucleic
acid material, an enzyme and a primer; and to make use of
the above-described action for improving the efficiency
of hybridization in which the single-stranded nucleic

acid is used as a complementary strand.

Disclosure of Invention
The present invention, firstly, provides a nucleic
acid stretch method of stretching the following single-

- stranded nucleic acid (1) or (2) by causing an ac



stranded nucleic acid (1) or (2): (1) a
single-stranded nucleic acid existing in a free form
in pure water or an aqueous solution of pHb5 to 11,

or (2) a single-stranded nucleic acid existing i ao@ap1416
formimmobilized on one or both of opposing

el ectrodes arranged facing said agueous sol ution; and
al so a nucleic acid stretch system nmaki ng use of the
stretch neans. The present invention also provides a
DNA chip making use of a neans for stretching a
siedgegricr bhelkd ohucltdigh dceduenfy cte exdtstos: itheasfingke-
or imMuobilized form in an aqueous solution of pH5 to
1Brranded awchkeis errigt (1a Bigh2i r eUlerre\siaglel-stranded
field applied to a reaction well with pure water or
sa@igladteausd sotiatiing ¢h pHEBeeofoun imetmaineedather ef pan
or under an action of dielectrophoresis. It is to be
négegcrpaot el arerah 'PilgGebasisol o i oh" a sdngdedsherrded
means pure water or an aqueous solution of pH6 to 11
wRPEheis apsdlutiahing da af farpumekildeed onapeei of
an enzynme and any ot her high nol ecul ar conponent,
sBeR1a’E LORRGHEYS lectrrdepurpoyedsst PBINANTs paLResdgeous
The_aqueous sol ution functions as a liquid phase
WAPERt Eam; AV iddea aphacdedt agbi | girsdchosYBEeTeBaking
nucl ei ¢ aci ds havi ng conpl enentary strands. S04P1416

BHPEEf O Delsles i HricdirrofeBREW ngs

The present invention also provides a DNA chip
making use of a means for stretching a single-stranded
nucleic acid, which exists in a free or immobilized form
(in an aqueous solution of pH 5 to 11, under an actioﬁ of
a high-frequency ac electric field applied to a reaction
well with pure water or said aqueous solution of pH 5 to
11 retained therein or under an action of
dielectrophoresis.

It is to be noted that the term “agqueous solution”
as used herein means pure water or an aqueous solution of
PH 6 to 11 which is absolutely free of a nucleic acid
matérial, an enzyme and any other high molecular
component, such as a primer, for the purpose of DNA
synthesis. The aqueous solution functions as a liquid
phase which can provide a place of hybridization between

nucleic acids having complementary strands.




Fig. 1 is a diagramschematically illustrating a

state that a single-stranded nucleic acid (1) having a
hi gh-order structure entangled in a randomcoil form
such as DNA, exists in a free formin an agueous S04P1416
solution (R). Fig. 2 is a diagramschematically
illustrating a state that under an action of a

hi gh-frequency ac electric field, the single-stranded
nucleic acid (1) has been caused to direct in a :
single direction along the electric field. Fig. 3 1is
a diagramshowi ng a state that a single- stranded
nucleic acid (3) inmobilized at the position of a

t ErehaPeshtirbionrla Dygmiage (f) of an el ectrode (E)
is taking a high-order structure in a randomcoil form
in a sthi® of isna Appressiorchanatbgeldly d11ppgraning &
di agram schematically illustrating a state that a
siskgice- shrhndednild diteanded pUFleheobtid Zed hemintiea
el ectrode (E) has been stretched by an action of a
hibgahf pedaEneyr et wWieentpagirdl §n Fixpndn soildiagram
showi ng a construction that the other electrode (e) |
aft&Rge8 Bi¥postHiestithdrePefPBJECTE)in Af GioMeguRi SRlAtion
snmal ler area. 6 S04P1416 Fig. 6 depicts one enbodi nent
oftRd -r eact i on

Fig. 2 is a diagram schematically illustrating a
state that under an action of a high-frequency ac
electric field, the single-stranded nucleic acid (1) has
been caused to direct in a single direction along the
electric field.

Fig. 3 is a diagram showing a state that a single-
stranded nucleic acid (3) immobilized at the position of
a terminal thereof on a surface (f) of an electrode (E)
is taking a high-order structure in a random coil form in
a state of an impression voltage of 0.

Fig. 4 is a diagram schematically illustrating a
state that a single-stranded nucleic acid (4) immobilized
on the electrode (E) has been stretched by an action of a
high-frequency ac electric field.

Fig. 5 is a diagram showing a construction that the
other electrode (e) arranged opposite the electrode (E)

is formed with a smaller area.




detecting section equipped with a construction that
permts arraying reaction detecting sections on a
plate such as a DNA chip. Fig. 7 is an externa
per spective view showi ng one enbodi mrent of a DNAschbPpils
(10) with the sane reaction detecting sections (6)
arrayed thereon. Fig. 8 is a m crophotograph (a
phot ograph as a substitute for a draw ng) obtained by
an observation in an experinment, and is a photograph
of a single strand of DNA in a randomcoil formin an
aqueous B utd glepdeter encaemeddinteritc ofi @l demasion
applied. Fig. 9 is a mcrophotograph (a photograph as
efgssingusect om eqiippedgyiobt ai pensthyucrionhehat
observation in the experinent, and is a photograph of
sEﬁgﬂét§tﬂéh@@lﬂqﬁrqaﬂleMréﬁ@hedlhg sdet iams iovaki phabé
the electric field. Best Mdde for Carrying out the
| Peht penaBalRclolP t he acconpanyi ng draw ngs, a
description w |l be made of enbodi ments which can
sui t abl yFisr ry isuen eheerezhrivenarestdyedivagwt shewieng one
present invention for the stretch of a
sieRgPeiserameed® AW ehéradild) Wigh thecsawatriecaakion
illustrates the state that a single-stranded nucleic
afegest hayi FrRF el HisgHEdr dsrayed0aimuE®: st r uct ur e

entangled in a randomcoil form such as DNA,
Fig. 8 is a microphotograph (a photograph as a

substitute for a drawing) obtained by an observation in
an experiment, and is a photograph of a single strand of
DNA in a random coil form in an agqueous solution before
an electric field was applied.

Fig. 9 1is a microphotograph {(a photograph as a
substitute for a drawing) obtained by another observation
in the experiment, and is a photograph of single strands

of DNA stretched by the application of the electric field.

Best Mode for Carrying out the Invention

Based on the accompanying drawings, a description
will be made of embodiments which can suitably carry out
the technique according to the present invention for the
stretch of a single—stranded nucleic acid.

Fig. 1 schematically illustrates the state that a

. single-stranded nucleic acid 1 having a high-order




exists in a free formin an aqueous sol ution indicated
by sign R In the state of Fig. 1, the applied
voltage is O 1t is to be noted that in Fig. 1 and

ot her drawi ngs, sign A designates a reaction wel §po4p1416
capabl e of retaining the aqueous solution R and signs
E,E indicate electrodes fornmed of alum numor the

i ke and arranged opposite to each other with the
aqueous solution R, which is retained in the reaction
wel | A, being sandw ched therebetween. Further, sign
Vetsghusi amchigilgn $2 eBndboddte @niladquoyersuckuppl NA,
connected to the electrodes E,E, a switch in an OFF
pesittenin andfzees fictoh innaana@eosiddlonion indicated by
respectively. It is desired to design the distance
betigreR. t Ha tdkeetabdest BFfg atl ,4@he eppihedtersltage is 0.
because a distance greater than 40 m between the
eféctsodesbeErotiesl ¢basi dor Bigt ol reeatlidthernduswings, sign
convection in the agqueous solution R by thernal
eAeflgyigrzing isngehcsionheel Appipaaltd of oktaivdhy ages

As this convection is considered to interfere with

t haugens orp bftipnhRghndf peguenB)E dgiddlcater eéettedbdes or
the stretch of the single-stranded nucleic acid 1, it

i Soymed refl alomdywidor thet hdkatansktarrehgedceppeehee of

such convection in the aqueous solution R .8
Sea@l qqtgher with the aqueous solution R, which is retained

in the reaction well A, being sandwiched therebetween.

- Further, sign V, sign S; and sign S; indicate an ac power
supply connected to the electrodes E,E, a switch in an
OFF position, and a switch in an ON position,
respectively.

It is desired to design the distance between the
electrodes E-E at 40 um or shorter, because a distance
greater than 40 um between the electrodes E-E is
considered to readily induce convection in the aqueous
solution R by thermal energy resulting from the
application of a voltage. As this convection is
considered to inteffere with the action of a high-
frequency ac electric field for the stretch of the
single-stranded nucleic acid 1, it is desired to avoid,
to the utmost, the occurrence of such convection in the

agueous solution R.




As illustrated in Fig. 2, a high-frequency ac

electric field (which is indicated by dashed lines in
the drawing) is formed in the aqueous solution R by
the electrodes E E across which a voltage is apptoeshais
by the power supply V. By the action of this

hi gh-frequency ac electric field, it is possible to
have the single- stranded nucleic acid 1 oriented in a
single direction along the electric field in a state
that no electrolysis takes place. The single-stranded
nucl ei ¢ Zaciid lustrathéreh ofey. id,| astuighedreguandwran
stretched as a result of the formation of the
heghetrequeield aovhdlcbctisi ¢nfli ehided |4y idashedbéineseth the
that sign 2 designates the single-stranded nucleic
adirdwivhg t hi hafsotveeh ibr bhghequetes tduel wticet ®hbg e m
Fig. 3 shows the state that a single-stranded nucleic
aeldcBroamdlE | B zedost whechosivoloreas itsheppléedi bplthe
thereof on the surface f of one of the, electrodes.
EpBwes swakh¥g & hByhtlos deet isty wdt tihe si high-faeglmnaoiac
formin the state of an inpression voltage of 0. It

i eleotbic roteddl t Hat ishpoesekie due Imvef &be Bihgse- been
surface-treated beforehand such that the term nal of

t Aeranded ewtlededegidue| erteniedd i3 ies siimodbi flizedtion

-~ there by chemcal bonding such as coupling. On the
sifngetie sladtade- fieddetn vt tatadter dpeavingi aleg¢orolysis
exanple, a 9

takes place. The single-stranded nucleic acid is,

therefore, illustrated in a form stretched as a result of
the formation of the high-frequency ac electric field. It
is to be noted that sign 2 designates the single-stranded
nucleic acid which has been brought into the stretched
form.

Fig. 3 shows the state that a single-stranded

- nucleic acid 3 immobilized at the position of the

terminal thereof on the surface f of one of thg
electrodes E,E is taking a high-order structure in a
random coil form in the state of an impression voltage of
0. It is to be noted that tﬁe electrode surface f has
been surface-treated beforehand such that the terminal of
the single-stranded nucleic.acid 3 ig immobilized there
by chemical bonding such as coupling. On the surface f

surface-treated with streptavidin, for example, a




S04P1416 biotinylated term nal of a single-stranded

nucleic acid can be imobilized. Fig. 4 illustrates
the state that an inmobilized single-stranded nucleic
acid 4 has been stretched by the action of a S04P1416

hi gh-frequency ac electric field. The imobilized
single-stranded nucleic acid 4 is caused to direct ‘in
a single direction while being imobilized, and as a
result, is stretched along the electric field. It is
to be noted that, even once the single-stranded
nbdbgioylated tasnistaletéhedsinpee ssinprelest mandedc acid
nucleic acid returns into the original random coi

f opm Waenmndlei Ligssl.i cati on vol tage for the

hi gh-frequency ac electric field is lowered to 0. In

t he consE¥qictd didldeprated fie FMigates thipheant femobilized
el ectrode e arranged opposite the electrode E is

f singde-afranded mldledicapreadséd bhatbeemartrenchednby the
electric field is fornmed concentrating on the
epetipodef ea (Righirfdiecuendy by alterriat €ileddg- ditte short
lines in Fig. 5) . It is to be noted that for the

f ormabi bhzed sinwe-ghirhodadehecieic adidekd isacaused to
construction with the surfaces of electrodes forned

i AiseEbubh = uinades dhaerhgor oneble thedhgangmobilized, and
convexities by surface treatnment such as sputtering
affl abyesekhi i@ Gtrekehpikalony athg ledessaser Géeldn danis
be adopted, because electric lines of force

cbackat reed gthat, even once the single-stranded nucleic

acid has stretched, the single-stranded nucleic acid
returns into the original random coil form Qhen the
application voltage for the high-frequency ac electric
field is lowered to 0.

In the construction depicted in Fig. 5, the other
electrode e arranged_opposite the electrode E is formed
with a smaller area so that a non-uniform electric field
1s formed concentrating on the electrode e (as indicated
by alternate long-and-short lines in Fig. 5). It is to be
noted that for the formation of a non-uniform electric
field, a construction with the surfaces of electrodes
formed into rough surfaces having concavities and

| convexities by surface treatment such as sputtering and
‘by etching or the like or a like construction can be

adopted, because electric lines of force concentrate at

10




10 504P1416 the convexities and pointed edge portions

of the electrodes. Wen contrived to forma
non-uniformelectric field in the vicinity of the

el ectrode e such that electric |ines of force S04P1416
concentrate at a single position, the single-stranded
nucleic acid 1 existing in a free formin the aqueous
solution R (see Fig. 1) can be caused to mgrate by

di el ectrophoresis toward the single position

(el ectrode e), at which the electric Iines of force
cOriceronaeritivhs | and ausimed edye sdéretais A theresul t,

t he single-stranded nucleic acid can be i nmobilized at

t ird ggogodesn of its terminal on the electrode e. It is
to be noted that sign 5 in Fig. 5 indicates the

si ngl e- Ehermnmed miveldeto acid & mmbiunifedmatléberic field
position of the term nal thereof on the el ectrode e.
Réfreitarncuitsnhiw amdde @lBicgro8e ahéwth dépitcted eoneic
enbodi nent of a reaction detecting section equipped
wiltifre saof ofist ¢ai ctdnrenthvatt epek it simgYemydasg trieact ikba
detecting sections on a plate such as a DNA chi p.
THiiggl eastrapded etuesdiciing asédt L omxBstmprioviadédewni Ehrm in
~reaction well A which is a very small concave region
c&pabhausus cd@iutiing Rt HeeaqBeousllsotan iben cRusaddto
opposi ng el ectrodes E,E arranged facing the reaction
m@ugrgpeg@gi%ﬁgﬁqg;ngphgmgﬁi$ toward the single position

(electrode e), at whiéh the electric lines of force
concentrate, while causing it to stretch. As a result,
the single-stranded nucleic acid can be immobilized at
the position of its terminal on the electrode e. It is to
be noted that sign 5 in Fig. 5 indicates the single-
stranded nucleic acid immobilized at the position of the
terminal thereof on the electrode e.

Reference is now made to Fig. 6, which depicts one
embodiment of a reaction detecting section equipped with
a construction that permits arraying reaction detecting

- sections on a plate such as a DNA chip. This reaction
‘detecting section‘G is provided with a reaction well A,
which is a very small concave region capable of retaining
the agueous solution R, and opposing electrodes E,E
arranged facing the reaction well A. Designated at sign 7

in Fig. 6 are a group of single-stranded DNA probes each

11




in Fig. 6 are a group of single-stranded DNA probes

each 11 S04P1416 of which has been i mobili zed

bef orehand in an stretched formon a surface f of the
electrode E. Sign 8 in Fig. 6 indicates a S04P1416
singl e-stranded target nucleic acid added dropw se
froma mcronozzle Ninto the reaction well A

Shortly after the dropwi se addition, this

singl e-stranded target nucleic acid 8 takes a high-
order structure of a randomcoil form Wen a high-

f ridqwdach hesebeet rinndhidligeidsbapptérand ot ke stretched
entangl ed, target single-stranded nucleic acid 8
betormeant Aesurfacs rbdds theEelehersdadgt e- st randed

nucl eic acid can be changed in structure to have an

st r et che®idrorinias Fideskghntedates si gningleasdrandedvierrget
the stretched, single-stranded nucleic acid can be
caysdgiroapl gradeed thvwewd sehéreinde wictdreRNA pr dbes The
along the electric field (electric lines of force).
ByegesPdi wigl bk of Shoirhby ot L agpl ifcatdropwéket Addition,
electric field after the target, single-stranded

nk&iei 8ingke vsigrangdedhdemgttl nyclebovneisl 8 rtediesnachbglke-
to the DNA probe 7, hybridization can be allowed to
ePrPer eRETYCctyrpcded irAndoBhepiltfomm by Whhan aabighxd
Browni an notion under suitable conditions of pH,

t EFpEYaReY @rfilaqtidc fpeddr iperprbiad fhioc glhley enbangked:

t he DNA probe 7 and
target single-stranded nucleic acid 8 between the

~electrodes E-E, the single-stranded nucleic acid can be
changed in structure to have an stretched form as
designated at sign 9, and moreover, the stretched,
single-stranded nucleic acid can be caused to migrate
toward the side of the DNA probes 7 along the electric
field (electric lines of force) .

By providing an off time of application of the
‘electric field after the target, single-stranded nucleic
acid 8 has been fully drawn to a region close to the DNA
probe 7, hybridization can be allowed‘to efficiently
. proceed in a short time by the natural Brownian motion
under suitable conditions of pH, temperature and like.
Described spécifically, between the DNA probe 7 and
target, single-stranded nucleic acid 8 both of which are

in stretched forms, respectively, high-accuracy

12




target, single-stranded nucleic acid 8 both of which
are in stretched fornms, respectively, high-accuracy
12 S04P1416 hybridization is allowed to proceed with
reduced m ss- hybridizati on w thout being affectedobyisis
a steric hindrance or the convection of the aqueous
solution R when they include nmutually-conpl enentary
base sequences. A DNA chip with a nunber of such
reaction detecting sections 6 as illustrated in Fig.
7 arrayed on a substrate can be provided. For
eXyiplidizat hombes aflowegatbi prodes@ctin seiciednsiibsas
descri bed above are arrayed radially or in the
dilydetidorabion wi rlgautf dedngeafbacsed b adisslerplat e 10
as shown in Fig. 7, and desired DNA probes 7 can be
i imodirkhzedor nthdhecameacttiion dét e | daruedactsiodns i6n R
di vided in groups. (Exanple) An experinment was
comguctbdyt onwbrdd yntthie 1 1gt remphementactyt dasef saquences.
hi gh-frequency ac electric field on a single-stranded
nucl ei ¢ 2adNR idhipcwérHanceunbeh dtheuchr esention detecting
invention. A partial sequence (5 kbp) of A phage DNA
( Pakaians Shues)iMas taapkidf iedFby. theaRGRedethod (see
NAKAYAMA: " Bi oexperinents |l lustrated", volune 3,
ChupsbraRe cgubid giredridadd afme sxangie) uasimami@e; ofit d.
(1998)). Upon

reaction detection sections 6 as described above are

arrayed radially or in the direction of a circumference
on such a disk plate 10 as shown in Fig. 7, and desired
DNA probes 7 can be immobilized in the reaction detecting
sections 6 divided in groups.-

(ﬁxample)

An experiment was conducted to verify the
stretching action of a high-frequency ac electric field
on a single-stranded nucleic acid in accordance with the
present invention.

A partial sequence (5 kbp) of A phage DNA (Takara
Shuzo) was amplified by the PCR method (see NAKAYAMA:
“Bicexperiments Illustrated”, volume 3, Chapter 2,
published in Japanese, Shujunsha Co., Ltd. (1998)). Upon
conducting the amplification, dTTP and dUTP-FITC were
added at a ratio of 1:1 to fluorescently label the PCR

product. At the time of the PCR amplification, a primer
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conducting the anplification, dTTP and dUTP-FI TC were
added at a ratio of 1:1 to fluorescently |abel the PCR
product ‘At the tine of the PCR anplification, a

prinmer 13 S04P1416 biotinylated at the 5 end therg@,ﬁpmlg
(TOYOBO, LTD.) was used as a one-side prinmer. The PCR
product was subjected to gel electrophoresis, a band
was sliced out by dissection from the position of 5
kbp, and doubl e-stranded DNA fragnments were extracted
fromthe gel. "Q Aquick Gel Extraction KIT" (Q ACEN
KK oring$atus@ it arhe Ite eedt taereofi OfOtdeE® ,DNAD.) was used
fragnents. Qutline of preparation of single-stranded
DA, al pneassée imsingfr.st eps, a " Dl NABEADS Ki | obase

Bi nder Kit" (Dynal Inc.) was used. The resultant,

doubl e- sthreariidd pPNAuchasa s asgetkdteditedged avi di n
applied on the beads, and was then nodified with an
alekektrophdrderat @ Haadbiwesi piicedoolit ieddissection from
si ngl e-stranded DNA of the double-stranded DNA in the
| ithei gophasen stf tthafpsi rghedstbbaded-aDNEANASA Sbbaneaeds
for use in the next step of the experinment. Described
specef eshfdgted Hodrestls LDYNARHARBi1Wk2861 Extraction
streptavidin"”, 5 L) inthe kit were washed in the

bKAA n§OEAFEN iForK () 2@ak) usaddfwerehe st rsigspended tine DNA
the binding solution (20 L). An avidin-biotin

r sgegnent Has

Outline of preparation of single-stranded DNA. In
a series of steps, a “DINABEADS Kilobage Binder Kit”
(Dynal Inc.) was used. The resultant, double-stranded DNA
was caused to bind to avidin applied on the beads, and
was then modified with an alkali to liberate the biotin-
unmedified, single-stranded DNA of the double-stranded
DNA in the liquid phase so that single-stranded DNA was
obtained for use in the next step of the experiment.
Described specifically, the beads (“DYNABEADS M-280
streptavidin”, 5 pL) in the kit were washed in the
~binding solution (20 pL}, and were then suspended in the
_binding solution (20 pL). An avidin-biotin reaétion was
next conducted. Sample DNA (20 pL), which had been
amplified by PCR with a biotinylated primer, and the
above-described beads suspension, followed by incubation

at room temperature for three hours. The beads were
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next conducted. Sanple DNA (20 L), which had been
canplified by PCRwith a biotinylated priner, and the
above-descri bed beads suspension, followed by

i ncubation at roomtenperature for three hours. JFhepiais
beads were 14 S04P1416 col |l ected by a magnet, and
subsequent to renoval of the supernatant, were washed
twice with the washing buffer (40 L each) to

el imnate unreacted DNA. 200 mM sodi um hydr oxi de (20

L) was added, followed by incubation at OC for 10
mcellested laf fectacaetal kali submekipiematiconreaovBNACE Thise
supernatant with |liberated single-stranded DNA
cenpairnathtthenene washedl tettedvithe hes wpehiagabtif fes
concentrated using "M CROCON' (M I1ipore

Cdrpopht eat)), tanckitilmd nhicguidredessl ias.r epl aced with
ultra pure water to | ower the concentrati on of sodium
hydr oxi d®.0 Tive sbAismohydicrerticagzeo us ) DMAs sadidkd ONfEq18 owed
L) was placed between opposing al um num el ectrodes
abyangedbaticn raioCwidh Bh minterewalkoseffatt 24n mlkaid

a high-frequency ac electric field voltage of 1 MHz
anddifscatimmees APP-i ethe Avpemesant, withwhsbemossidl e
to have the single strands of DNA stretched in the
aglesle- sofandesh DNFhgpntsine@ diemtivewels wadleohédr ndte
by observations under an evanescent mni croscope

( FURSFRRtantevasy conggpisated using “MICROCON” (Millipore

Corporation), and the liquid phase was replaced with
ultra pure water to lower the concentration of sodium
hydroxide.

The thus-obtained agqueous DNA solution (5 uL) was
placed between opposing aluminum electrodes arrénged in a
pair with an interval set at 25 pum, and a high-frequency
ac electric field voltage of 1 MHz and 1.5 V/um was
applied. As a result, it was possible to have the single
strands of DNA stretched in the agueous solution. That
state of stretch was confirmed by observations under an
evanescent microscope (manufacturéd by Olympus
Corporation) . Microphotographs obtained by those
observations are shown in Fig. 8 and Fig. 9.

Fig. 8 is a microphotograph of a single strand of
DNA in a random coil form in the aqueous solution before

the electric field was applied, and Fig. 9 is a
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Cor poration). M crophot ographs obtai ned by those
observations are shown in Fig. 8 and Fig. 9. Fig. 8 is
a m crophotograph of a single strand of DNA in a
random coil formin the aqueous solution before tbhepi4a1s
electric field was applied, and Fig. 9 is a 15

S04P1416 m crophot ograph of single strands of DNA
stretched by the application of the electric field.
“Industrial Applicability The present invention can be
used, for exanple, in a technology for immobilizing

o cgophotegdepkcef nginglieclseirendsi df BNA hs tase taéteeic biynghe
DNA probes in stretched forns at predeterm ned

| ceatliionsion af sulbstelaaniiei €heldakes up a DNA chip or
in a technology for performng hybridization while
stretching one or nore immobilized, detecting nucleic
acids and one or nore target nucleic acids equipped
wifklusorphéndpp b saksitlddanyds. When a hi gh-frequency ac
electric field is applied to a single-stranded

nucl ei ¢ Beg doredestti Agventaof rean flagr mseol, fprackanpie, in
i mmobilized at a termnal thereof in pure water or an
aguésgbnebpay | b ofmmeRRis igéngione her gioug sletscranded
nucl eic acid which has been in a randomcoil form due

t Sucheifapchd? | Bich Gan desesting B niddes iaveitdenghed
-electrolysis. Described specifically, an ion

forms at predetermined locations on a substrate which

makes up a DNA chip or in a technology for performing
hybridization while stretching one or more immobilized,
detecting nucleic acids and one or more target nucleic
acids equipped with complementary strands.

When a high-frequency ac electric field is applied
to a single-stranded nucleic acid existing in a free form
‘©or in a form immobiiized at a terminal thereof in pure
water or an aqueous solution of pH 5 to 11, the single-
stranded nucleic acid which has been in a random coil
form due to thermal motion, can be stretched while
avoiding electrolysis. Described specifically, an ion

- cloud is considered to be formed by phosphoric ions
(negative charges), which make ub the skeleton of a
singie~stranded nucleic acid, and their surrounding
hydrogen atoms (positive charges) derived from water.

Polarization vectors (dipoles) produced by these negative

16




cloud is considered to be fornmed by phosphoric ions
(negative charges), which make up the skeleton of a
~single-stranded nucleic acid, and their surroundi ng
hydrogen atons (positive charges) derived fromwateapi1416
Pol ari zation vectors (dipoles) produced by these
negati ve 16 S04P1416 charges and positive charges are,
therefore, caused to orient in one direction as a
whol e upon application of a high-frequency ac
electric field, and as a result, the single-stranded
nuydlagigesaend pasitperstaletrglesdaren adelir¢iomng, waemsed to
non-uni formelectric field is forned in the aqueous
sciniteingn isuche t ite et iagt @isc al whede whof aampdication of a
concentrate on a particular position, the _
simghefsepaadey auctl@at e divhidchaedist s imesalfr eghe
form in the agueous solution is caused to nove toward
t mangpesistrandet wildica heidl estirbe $imrmschefd.f or ce
concentrate. This phenonmenon is called
"di el ect Fophtiddiost,. wihena wppiunifarimrewlegtrédutiatd is
the effect of convection which occurs as a result of
aformefeasetha appdusd spdiutage, sutle Hipfealscsoliat Lones
i s placed between opposing el ectrodes arranged at an
i pfefeareofonserHiade shopt PRraRdubahirfslticagquehey ac
electric field is applied to the aqueous solution at
a Shngher pefrrtry Mic50G rAzdovhh¢lyherishied izna Appei drm
.vqlta%e sufficient to give an electric field

in the aquecus soluticn is caused to move toward the

position on which the electric lines of force concentrate.
This phenomenon ls called “dielectrophoresis”. When, with
a view to reducing the effect of convection which occurs
as a result of an increase in applied voltage, the
aqueous solution is placed between oppesing electrodes
arranged at an interval of 25 pm or shorter and a high-
frequency ac electric field is applied to the agueous
solution at a high frequency of 500 kHz or higher and an
applied voltage sufficient to give an elebtric field
strength of 1.2 V/pum or higher, for example, dieléctric
polarization can be surely induced on the single-stranded
nucleic acid existing in a random coil form. As a
consequence, the single-stranded nucleic acid can be
linearly stretched in parallel with the electric field.

By the above-described electrodynamic effect called
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strength of 1.2 V/gmor higher, for exanple,
dielectric polarization can be surely induced on the
single-stranded nucleic acid existing in a random
coil form As a consequence, the single-strandedsospi416
nucleic acid can be linearly stretched in parallel
wth the electric field. By the above-descri bed
‘el ectrodynanic effect called 17 S04P1416
"dielectrolysis”, it is possible to naturally draw the
pol ari zed, single-stranded nucleic acid to an edge of
t Heliedkettobygei fihd itto iismpolsislibte t¢ natwaldiymdraw the
mai ntained in contact at one end thereof on the edge
ofpatheieppostingl elwntano@d. nthisicacizk tysech whgre of the
arranging and inmobilizing detecting DNA probes or
t lsd ekickede nanddot iiomobidlilze of an DNAaim madmteheeli ke.
The single-stranded nucleic acid stretched in the
f comtpatobt | drxecerad thsgreofeonehle (¢dranafalthet bppesfite
returns into the original random coil formwhen the
eledettired¢i elThiiss canr heduséd . whaint largangéhegi gndci d
which is in an stretched form its base sequent is-
exposkdlsainddetaidnge DEAf prokesluer tthe dikeeihcreaction
hi ndrance or thermal fluctuations can be elim nated.
| e lhgbef ot Z2HA oiim o &het héke nudhei singid-sheatidry a
conpl ementary strand is, therefore, allowed to
prgEéedcw eI Hitgietebrdc lanthe aheri ighhaidddegdyaknthe one
short tine.

end (terminal) thereof returns into the original random

coil form when the electric field is turned off.

With a nucleic acid which is in an stretched form,
its base sequent is exposed so that adverse effects due
to a steric hindrance or thermal fluctuations can be

~eliminated. Its hybridization with another nucleic acid
having a complementary strand ié, therefore, allowed to
proceed with high efficiency and high accuracy in a short

time.
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18 S04P1416 CLAIMS 1. A nucleic acid stretch nethod
of stretching the follow ng single-stranded nucleic
acid (1) or (2) by causing an ac electric field of a
hi gh frequency to act on said single-stranded nugbeprrais
acid (1) or (2): (1) a single-stranded nucleic acid
existing in a free formin pure water or an aqueous
solution of pH5 to 11, or (2) a single-stranded
nucleic acid existing in a formimobilized on one or
bot h of opposing el ectrodes arranged facing said
aqueous solution. 2. The naoche#g acid stretch nethod
according to claim1, wherein said high frequency has
a frequencyaohuch@fc kdtzi drstvegletr netthdd ao¥ odtiagehiag the
applied to give an electric field strength of 1.2 V/m
orfchilgheng Bindle-stueindied avctlest ratich (8t lwad (2) by
‘according to claiml1l, wherein a distance between said
oppusing amlacteloasyiics fdetdadf 49 mah fSlkareecy do Jhe
nucl eic acid stretch nethod according to claima1,
wear ebid sal e st retrendefl sardesd ngtiad stiarded2) nucl ei ¢
acid is effected by dielectrophoresis. 5. A nucleic
aci d stréticle sysgéersthanded enicdedci acitihexisting in a
hybri di zation is conducted by using, as one of .

free form in pure water or an aqueous solution of pH 5 to

11, or

{2) a single-stranded nucleic acid existing in a
form immobilized on one or both of cpposing electrodes
arranged facing said agueous solution.

2. The nucleic acid stretch method according to
claim 1, wherein said high frequency has a frequency of
500 kHz or higher, and a voltage is applied to give an
electric field strength of 1.2 V/um or higher.

3. The nucleic acid stretch method according to
‘claim 1, wherein a distance between said opposing
electrodes is set at 40 pm or shorter.

4., The nucleic acid stretch method according to
claim 1, wherein said stretch of saild single-stranded
nucleic acid is effected by dielectrophoresis.

5. A nucleic acid stretch system, characterized in
that hybridization is conducted by using, as one of

complementary strands, a single-stranded nucleic acid
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conpl enmentary strands, a single-stranded nucleic acid

19 S04P1416 stretched by a nethod according to claim

1. 6. Anucleic acid stretch system provi ded at | east
with a reaction well capable of storing an aqueousoarisis
solution therein and a nmeans for formng a

hi gh-frequency ac electric field in said reaction

wel |, characterized in that a single-stranded nucleic
acid existing in said reaction well is stretched

under an action of said high- frequency ac electric

f isglrdtced The aurdtdicsl acicdrdingt th slesimerm.according to
claim®6, wherein said reaction well is provided with

at | east- aApairleic oppiebistgedlcbcsyotden mnuliskidd at least
single- stranded nucleic acid is inmobilized at an end

t Wétbot veachigurdedde copablef af estof irgnerorgbebhsof

sai d opposing electrodes. 8. The nucleic acid stretch
sysfluniagcokelisip tead el acan?, fohefeiming di dtigheérequency
‘between said opposing electrodes is 40 mor shorter.
gachehaeteie Bidldl sty sedl sgatehyn ciellactcdeirzederhzed in
that using an stretched singl e-stranded nucleic acid
ashagne %gn%lﬁnﬁté?rmdlegr pugiebpoxgidhyandisdiizngt ionsasd
conducted in said reaction well as described in claim
6reaotion DR k Hish séatabedrinder Bn s ioh @fneahd High-

frequency ac electric field.
7. The nucleic acid stretch system according to
" c¢laim 6, wherein said reaction well is provided with at
least a pair of opposing electrode, and said single-
stranded nucleic acid is immobilized at an end thereof on
a surface or surfaces of one or both of said opposing
electrodes.

8. The nucleic acid stretch system according to
claim 7, wherein a distance betweén said opposing
electrodes is 40 pm or shorter.

9. A nucleic acid stretch system, characterized in
that using an stretched single-stranded nucleic acid as
one of complementary strands, hybridization is conducted
in said reaction well as described in claim 6.

10. A DNA chip characterized by use of a means for
stretching a single-stranded nucleic acid, which exists

in a free or immobilized form in an agueous solution of
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stretching a single-stranded nucl eic acid, which

exists in a free or imobilized formin an aqueous
solution of 20 S04PI 416 pH S to 11, under an action of

a .high-frequency ac electric field applied to a sg4apri1416
reaction well with pure water or said aqueous

solution retained therein. 21

PH 5 to 11, under an action of a high-frequency ac

electric field applied to a reaction well with pure water

or said agueous solution retained therein.
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