DESCRI PTI ON  METHOD OF STRETCHI NG SI NGLE- STRANDED
NUCLEI C ACI D; SI NGLE- STRANDED NUCLEI C ACI D
STRETCHI NG SYSTEM AND DNA CHI P Technical Field This
invention relates to a technique for stretching a
si ngl e-stranded nucleic acid, which exists in a
randomcoil or like formin an aqueous sol ution,
under the action of a high-frequency electric field-
Background Art There is a technology relating to
integrated bioassay plates hol ding thereon
predet er mi ned DNAs n%@ﬁ@ﬁﬁ?ﬁ?@ﬁ by microarray
techni ques and generally called "DNA chi ps" or "DNA
nicroarrays (hereinafter collectively called "DNA

) vari et nunber of DNA
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in that it permts a conprehensive analysis of an

CI*Pi‘?terrmlecular reaction such as hybridization.

Therefore, DNA chips are used in gene nutation

anal yses, SNPs 1 (single-base pol ynorphi sns)

_anal.yses. .gene expression frequency anal yses, and
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This invention relates to a technique for
stretching a single-stranded nucleic acid, which exists
in a random-coil or like form in an'aqﬁeOus solution,

under the action of a high-frequency electric field.

Backgrouﬁd Art

There is a techﬁology relating to integrated
biocassay plates holding thereon predetermined DNAs
microarrayed by microarray techniques and generally
called "DNA chips” or "DNA microarrays” (hereinafter
collectively called “DNA chips”). As a varietf or number
of DNA oligosaéchar%des, CDNAs (complementary DNAs) Qf
the like are integrated on a glass substrate or silicon
- substrate, this DNA chip technology is characterized in
that it permits a comprehensive anélysis of an
intermblecular reaction such as hybridization; 'Therefqre,

DNA chips are used in gene mutation analyses, SNPs



utility in a wide range of fields such as drug

devel opnents, clinical diagnhoses, pharnmacogenom cs,
forensic nmedicine, and other fields. The
above-descri bed DNA chip technol ogy has now begun to
shift fromtechnical devel opnents with efforts
concentrated on increases in the nunbers of DNA for

CogEregensive anal yses to technical devel opnments with
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utihékcgasing wappl ireatdieorpfoff PNAl s tae adiug céddvelopments,

|agnoses _and _the |ike demands have. begun to arjse
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otheguragydsshorter reaction tine and the |I|ike rather
than the nunber of DNA integrated on each substrate.
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elimnating therm ['uctuations in a Vi SCOSi
cogoeutiahedr onderdncamaslesctrire fildd ondeershecf DNA  for

rem se of its application to a thod or system . ,
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technique is 2 described to permt efficiently an
cogpephabel ye perd by afagand the efficiency of reactions.

More specifically, in wview of the increasing
applicatiqn of DNA chips to clinical diagndses and the like,
demands have begqun to arise for higher sensitivity,
gquantitativeness and accuracy, shorter reaction time and the
like rather than the number of DNA integrated on each
substrate.

Jépanese Patent Laid-open No. Hei 6-038758 (see claim
1 and elsewhere) discloses a technigue 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 enzymatic 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 allow high nol ecul es

of DNA to undergo an enzymatic reaction or chem ca
reaction under the existence of an electric field.

Further, Japanese Patent Lai d-open No. Hei 8-322569
%clain11, Par agr aph [ 0001], and el sewhere) discl oses
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of | #heatCeoFas fid14- technique is intended for use in
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gbgrenise that the conponents required for the
TeRhOVRE U ¢ PFOES S6hj St 1Eh e IConthe FrRet ¢ Hi29@e ieacthain in an

anB& L AON k@ thlbeh @bl eat rienfk ghd J s 1o be lge%ingleh
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al{ﬁi%#%?%tﬁgﬁgé%gégifgfggg%%é% %E%%Qt%% %rimer, an electric
field is applied to a reaction solution with materials, a
synthase and the 1like contained for the purpose of the
synthesis to bring the template DNA into a linear form.
This technique is intended for wuse in the sequential
énalysis for the determination of the base sequence of DNA
or in the PCR method for the amplification of a DNA sample,
- and therefcre, has as a premise that the components reguired
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 pessible

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



exi sting in an aqueous solution of pure water or the

like which 1is absolutely free of any conponents for

the synthesis of DNA, such as a nucleic acid

material, an enzynme and a prinmer. Further, no

verification has been made yet about any possible
anycoctietat icdecbetveenidlne ehf izi ehoyletfstwdidet zatﬂ:ib@ic acid

in.,an ,aqueous solutiaon, which is retained in

existdngi oA I TGO T PoLdBUSH ‘é?ﬂt‘?lﬁt%’@r%eedllke which
is @b%bqu%gﬁp Apcd Q%JAaﬁgt Poh neé[ea_ A ﬂeg%ggrggg&m of DNA,

hi gh-frequency ac eletCtric nment's
suqinayasera f yuaheact iagnidf matargal, f equenzymac agldecr ipxrimer.
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nucleic acid material, an enzyne and a primer; an
aquemysmedcd utisenpf witieh ahnveetﬂinﬁd.bEd actiemrtfion well of a

roving the efficiency of hybridization in which
s G gee St r dRded FHPEPE &idS sSUdsedSag PNA chip for

blo%%ge&engﬂ&aéyhﬁgﬁﬂf@e B 3EY °z§<':”§lé’<§t-h fvepfion In
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of tretchi e follom4 si ngl e- stranded
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exilkehd qh ahi ghhdseausncyrid® asﬁﬁl&l" f‘ Q solutely free of
si ngfe-stranded nucleic acid (1) ?
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wat er or g%éra Si | e- stragded nuclelc aci d

Hat&%ﬁg#rn€q|1TﬁN%? a pr mer; may 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

In accordance with a first aspect of the present
invention, there is provided a nucleic acid stretch method
of stretching the following single-stranded nucleic acid (1)
or (2) by causing an ac electric field of a high frequency
to act on said single-stranded nucleic acid {1} or (2): (1)a
single-stranded nucieic acid existing in a free form in pure
water or (2) a single-stranded nucleic acid existing in pure
water and in a form immobilized on one or both of opposing
electrodes; wherein said electric field is generated by said
opposing electrodes arranged facing said pure water, and a
distance between said opposing electrodes is set at 25 pum or
shorter.

In accordance with a second aspect of the present
invention, there is previded a nucleic acid stretch system,
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water and in a formimobilized on one or both of

opposi ng el ectrodes; wherein said electric field is

generated by said opposing el ectrodes arranged

facing said pure water, and a distance between said

opposi ng el ectrodes is set at 25 pmor shorter. In .
chegectedaned wit hhatségbmwddagpéctnofist menpuesedt by using, as

invention, there is Erovided a nucleic_acid stretch
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. a single-stranded nucleic acid stretched by a nethod
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. third aspeﬁt of,th%%gre§SQ$ i nventioon, there is
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prdvaariy Wt h S deagtiwnywekhocapabler of ~abQ hB9o8N storing an
aqueous solution therein and-a nmeans for formng a
aqusicgls- £obquerty e reliect end fd elngann stdd rfeaotingn a high-

well, the reactjion wel.l nt ai ni ng, a si ngl e-stranded
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rea@tidnsi R@18- stdandadti nuclei G aefid-ehshidag i %u%&fe‘i'bm acid
i mmobi lized in pure water on one portion of sa
eximgdng;, Mheaeifiresai thrmeans ipsirer neaiged ¢o af acievglai-btranded
and .a di st ance _bet ween saj ans

ur.e wat.e d for
il @i AL G rBuEhey S0TBI GEFPPELi7Ef diRsPUSE Eter on
one2pNan o oS {@rmedNst NehevheheLRi §akdaABARS iz ranged to

capabl e of formng a high-frequency ac electric
fads edafid opsreeteltesai ahdi agld-stance between said means for
forming a high-freguency ac electric field is set at 25 um or
shorter, further wherein said means is capable of forming a
high-frequency ac electric field to stretch said single-
stranded nucleic acid.

In accordance with a fourth aspect of the present
invention, there is provided a DNA chip comprising a means
for stretching a single-stranded nucleic acid, which exists in
a free or immobilized form in pure water,rwherein the means is
capable of stretching said siﬁgle—stranded nucleic acid under
an action of a high-frequency ac electric field applied to a
reaction well with pure water retained therein; and opposing
electrodes for forming said high-frequency ac electric field
with a distance between said opposing electrodes set at 25 um

or shorter.
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stranded nucleic acid. In accordance with a fourth
aspect of the present invention, there is provided a
DNA chip conprising a neans for stretching a
si ngl e-stranded nucleic acid, which exists in a free
or immbilized formin pure water, wherein the neans
is capable of stretching said single-stranded
nucl eic acid under an action of a high-frequency ac
electric field applied to a reaction well with pure
wat er Tt etfé n ﬁ ﬁo%err%{bd a‘Bﬁiane rn?l ‘egéré)ggg L %ﬁ.utlon"
forn1ng sal d "hi gh-frequency ac e ectr g
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or shorter. 4a It to, be_noted_that the term
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aci ds havi ng | ementary strands. 5 Brief

COMBdEEFIATIN S5 qﬁ&%m ngs Fig. 1 is a diagram -

schematically illustrating a state that a

si ngl e-stranded nucleic acid (1) having a



hi gh-order structure entangled in a randomcoil form
such as DNA, exists in a free formin an aqueous
solution (R). Fig. 2 is a diagramschematically
illustrating a state that under an action of a

hi gh-frequency ac electric field, the

singl e-stranded nucleic acid (1) has been caused to
direct in a single direction along the electric
field. Fig. 3 is a diagramshowing a state that a
single- stranded nucleic acid (3) imobilized at the
position of a termnal thereof on a surface (f) of
an electrode (E) is taking a high-order structure in
Brighdbascoiptior mf Mraavisigat e of an i npression
voltage of 0. Fig. 4 is a diagramschematically

il lustritdng ds st diegtrhat sahanagl exlsty dndedtauek ahca
acid (4) immobilized on the electrode (E) has been
stpsechbdt by wnglsiiragided nhiybifraglenty) amving a
electric field. Fig. 5 is a diagramshow ng a

S3H5t prer ot ruiunehentemgdedeliBca r ogeidre ) cairlr dged
opposite the electrode (E) .is formed with a smaller
8P€h-as PRy, i dins aodereenbodin nmt arofaquacesc tsodnt ion
- detecting section equipped with a construction that
'ﬁBPﬁits arraying reaction detecting sections on a

plate ) _
Fig. 2 1s 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 términal thereof.on a surface (f) of'an electrode (E)
is taking a high-order structure in a random coil form in
a_étate of an impression voltage of 0.

Fig. 4 is a diagram schematically illustrating a
state that a single-stranded nucleic acid (4) immobilizéd
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.



such as a DNA chip. Fig. 7 is an external perspective
vi ew showi ng one enbodi nent of a DNA chip (10) with
the sane reaction detecting sections (6) arrayed
thereon. Fig. 8 is a m crophotograph (a photograph as
a substitute for a drawi ng) obtained by an
observation in an experinent, and is a photograph of
a single strand of DNA in a randomcoil formin an
aqueous solution before an electric field was
applied. Fig. 9 is a mecerophotograph (a photograph as
a substritgut & Hlepiatdr ankngybebimimedHy arathebn
observation in the experinment, and is a phot ograph
ofieséngl ey He@nidsm eofuipPiAdstiehchedomytr @ ion that
application of the electric field. Best Mde for
Caeryitng autaytie reventionn dBaseding e AGGORARY NG tre
drawi ngs, a description wll be nmade of enbodi nents
whiuich @ ONA ablip.carry out the techni que according
to the present invention for the stretch of a
si ngl e- $tigandedsnac| ektemed . pdrispect isehenaiyi §BbWIng one
illustrates the state that a single-stranded nuclelc
aeiboditenti nf & DNghcbiger 17) svitictihe wndeanghedibn a
random coil form such as DNA, exists in a free form
i fetarcbijueowstdongt i(6h amndagad edhdmeorsi gn R I n the
state of Fig. 1, the applied voltage is O.

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 is a micropﬁotograph {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 invéntion 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



It is to be noted that in Fig. 1 and other draw ngs,
sign A designates a reaction well capable of
retai ning the agueous solution R and signs E, E
i ndi cate el ectrodes forned of alumnumor the |ike
and arranged opposite to each other wth the aqueous
solution R, which is retained in the reaction well
A, being sandw ched therebetween. Further, signV,
stEpghuse aﬁfdt%ﬂ‘@]rﬁdszlﬁlndﬁcdi@%mﬂa@opdwefosmppls)uch as DNA,
ecgted, t e tr.od h Ln_an
BTt 6. ahi°S SuTohiin in PRt PegLeLon hadicated by
Slgesﬁect|MmlyhelBtESedeflEéd;tdlﬂeshgnabbeldﬂsh@ﬂﬁége is 0.
en .t he at _40 pm or shorter,

bet trodes E-E
It pagate oF d}cgieéﬁcg{aotgsgét Et9t han3B6 SRiset is@vings, sign a

deel gehtodes Edrdis sonalder egdhal Per 8diday iRy the agueous
convection in the aqueous sol ution R by lh

SoLwet gy rRsund ngiasm Ehé appldul@attueoneébécarvdbsagéormed of

s _gconyect i nsidered to interfere
alﬁﬁlﬁggcfﬁbn¥ﬁ§ lcE1h|gh @eﬁﬂaﬁ%l (% 8P88§% & ﬂF%IEaFBT other
withe e etaduemfs t e lsivighe- &,r andedhnuekei ec8gi fed, in the

is desired to avoid, to the utnost, the

*re%%%b??eﬁ%,eeuofﬂsua?%véeflmchﬁd tq#zeela%p@mﬁse Further,

si§®l ut,i op & Asahdil usitypt 8 B, 51
%@gh freagtncy a% eleé{rlcgfﬁéld MMIC |s S nbPes edsuPply
copyeeethedtPi nebei nethetrddewi n§) Ei,s for med tich t e an  OFF

eous Lution. R.Dby.the ectrodes E, E acros
po%ﬂylﬁﬁa %% t%g%w%g%hyb?l%% @é PREL fon, reSpectfvely
It is desired to design the distance between the

electrodes E-E at 40 um or shorter, because a distance

greater than 40 pm 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 wvoltage.
As this convection 1is considered to interfere 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 sclution R.



power supply V. By the action of this high-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 singl e-stranded
nucleic acid is, therefore, illustrated in a form
stretched as a result of the formation of the

hi gh-frequency ac electric field. It is to be noted
that sign 2 designates the single-stranded nucleic

aci d théhimﬂﬁsbﬁegﬂe@rﬂﬂ@l‘ﬂgﬂ 3,0 ot Iﬂ%g‘ﬁtkfégbéﬁicyfé)é m
‘Fig. 3 shows the state that a single-stranded

NelCd @6l AEi@ 13 I(BABbh! i Zeth@t 4t RRSIHEIPRA0N 11hBE in the
term nal thereof on the surface f of one of the,
edeotimeges sEfbringdt aki PBe Badii PR SLHUGL B et hH @
random coil formin the state of an inpression
valdagedels E)E htrbsstehpen notws i itshapﬁhgearegethe
surface f has been surface-treated beforehand such
tgwatert keppeynivnal Bpfehd hestSionglbg- shi aNBegh need Qidhey ac
acid 3 is immobilized there by chemnical bonding such
asleznupild Mgel@n fheisupdesile tnbacetheeatggiyith

streptavidin, for exanple, a 9 biotinylated term na
cftrmrgiedghecitiandeild nucheientaed dncansibBgle direction

i mmobilized. Fig. 4 illustrates the state that an

il [theedlectric field in a state that no electrolysis
takes place. The single-stranded nucleic acid is,
therefore, illustrated in a form stretched as a resﬁlt 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 £ of one of th%
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 the electrode surface f has
been surface-treated beforehand such that the terminal of
the single-stranded nucleic‘acid 3 is immobilized there

by chemical bonding such as coupling. On the surface f

surface-treated with streptavidin, for example, a



singl e-stranded nucleic acid 4 has been stretched by
~the action of a high-frequency ac electric field.
The i mmbilized single-stranded nucleic acid 4 is
caused to direct in a single direction while being
i mmobi lized, and as a result, is stretched along the
electric field. It is to be noted that, even once
.the single-stranded nucleic acid has stretched, the
bl%?h@l’%@g?iiaﬁ&éauﬁ@él €ifc acrénpéeuphsanded nugdeic acid can
be OLhghpal s ragdom coil formwhen the application
voltage for the high-frequency ac electric field is
| oner efligo 0Of KA e redrst rthti cntaepi athed | AnFi gamdbilized
.the other _electrade e arrgnged_ opposite the
5 g%f?gﬁ%n%??sqﬂﬁ mFFﬁg d?SQQQEPe%Feéﬁﬁ?qq%ﬁdaby the
actiddn Unifror m el egrierbigbAcys Sor e congent kati 5y The
. on the electrode e (as indicated by alternate
1pigl aadd shokt gl nelsrandedl g nB)laic | siaicl bé  het edhused  to
: r.t ) f_a - uni f.orm.el ect.ri.c
dl%%%ﬁd?gaac%%g%?%ggﬁggg%ﬁpﬁ'Pﬁgﬂghp al8s M4 Gdesnd as
a ftesnbd, iist stmughsiréaces havi rgcemidavitiesd andit is to
b con%eéjties by surface treatnent such as sputtering _
© oPOhy et ity 67 SPhePT§§ kEDEr B9k Torrndett ReRlean acid
haﬁes@@@@&ﬁgd,b@ﬁéu§Qn§h@cgﬁkﬁndbbn%ﬁc@%i@?%%%g returns into
concentrate at 10 thé convexities and pointe eébe
theyoprighsadf namslore| eeit ofesm Wiem contr epeditetionmwltage

fof“%ké”ﬂiﬁﬁl%f%§§g£é§ géeéﬂectric field is lowered to 0.

_ In the construction depicted in Fig. 5, the other
electrode e arranged oppoéite the electrode E is formed with
a smaller area so that a non-uniform electric field is
formed concentrating on the electrode e (as indicated by
f alternate long-and-short 1lines in Fig. 5). Tt 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 or by etching or the
like or a like construction can be adopted, because electric

lines of force concentrate at

10



in the vicinity of the electrode e such that electric
lines of force concentrate at a single position, the
singl e-stranded nucleic acid 1 existing in a free
formin the aqueous solution R (see Fig. 1) can be
caused to mgrate by dielectrophoresis toward the
single position (electrode e), at which the electric
lines of force concentrate, while causing it to
stretch. As a'result, the single-stranded nucleic
acid can be imobilized at the position of its

tidfaTicoalenitiBe gh@Chs Dt edde pSrtQonbeopotgd that
sign 5in Fig. 5 indicates the single- stranded -

rlelceiredaei.d i nmobilized at the position of the
term nal thereof on the electrode e. Reference is now

made t oWidig. cdnt miiedh tde Foehsa 0nen— &R ekid field
reacti on detecting section equipped with a
densheuet coni tpabdf petdri dlse Aidodyl BYsHERCthAN &etagtiang
sections on a plate such as a DNA chip. This reaction
deétest bigfsece i etnerntsraireovitdad sihibe apseactdon twl |

A, which is a very snmall concave regi on capabl e of
edingil ri- agrabfied aguebeisc selidt itoBxRst &g DPROSIME form in

el ectrodes E,E arranged facing the reaction well A
-Dési gnateds atobuigioiY R i (sdd Figh ar ecan WOUmed to

si ngl e-stranded DNA probes each 11 of which has been
magobiki ke dd belerehepithriasian tewvaet ctied sirofie @rsdtion
surface f of the electrode E

(electrode e), at which 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'detectiﬁg
 sections on a plate such as a DNA chip. This reaction
‘detecting section 6 is provided with a reaction well A,
which is a very small concave region capable of retaining
the aqueous solution R, and opposing electrodes E,H

arranged facing the reaction well A. Designated at sign 7

in Fig. 6 are a group of single-stranded DNA probes each
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Sign 8 in Fig. 6 indicates a single-stranded target
nucl ei ¢ acid added dropwi se froma mcronozzle Ninto
the reaction well A Shortly after the dropw se
addition, this single-stranded target nucleic acid 8
takes a high- order structure of a randomcoil form.
When a high- frequency ac electric field is applied

to the entangled, target single-stranded nucleic

acid 8 between the electrodes E-E, the -

singl e-stranded nucleic acid can be changed in

st wtiwthe hbe bas @AmShIBiLdebdr@nasd d8SkENat 88 &eq
sign 9, and noreover, the stretched, single-stranded
niteireicn acisdréasebe causies diedi@dat e. toward the

side of the DNA probes 7 along the electric field

(el ectrstghidemn afid orca)ndiBytpE0Ni i gl @ansfdnddd®arget
-of application of the electric field after the
trargjetic sicndl eddéd afbesv it | fBich a6l dr8nbas1He®Mnto the
fully drawn to a region close to the DNA probe 7,
hyerdtdiopawedh Ban dierallyowederotré f dehentde aquiagesd

in a short tinme by the natural Brownian notion under
duiisalsliiegtondt tamdsd ofaypfdt termenat Heedandedidke.a high-
Descri bed specifically, between the DNA probe 7 and
tardget stginghee sof andethdwiclopiid #oird. 8 whinirh 0fhiwfi-ch
are in stretched forns, respectively, high-accuracy
Trelayenicdi 2at ¢ bectsi@lfiemled itso appate@drav tie raduaed ed,
m ss-

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 fiéld after the target, single-stranded nucleic
‘acid 8 has been fulily drawn ﬁo a region close to the BNA
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



hybri di zati on wi thout being affected by a steric

hi ndrance or the convection of the aqueous sol ution

R when they include mutually-conpl enmentary base

sequences. A DNA chip with a nunber of such reaction

detecting sections 6 as illustrated in Fig. 6

arrayed on a substrate can be provided. For exanple,

a nunmber of reaction detection sections 6 as
hygeseiepédoabove arélavedyetior adiabegd withn rh@uced miss-—

| at e

i gELLoncR! A SILRLEr GRS M pleh o Sk PR I

orlnnD®||¢d@ﬂe¢mléﬂe dﬁaﬂﬂkﬂnaﬁﬁb%@bln%o&@%ﬁbﬂnsRG when they
vided in %rou psS. npl e)  An experinent was

lnegHaﬁcWEHuF6 VePPF91€W§H§ﬁFét@ﬁﬁﬁgse§§ﬁﬁ§ﬁsef a
hi gh- fﬁe%Nﬁn%%‘§3ﬁﬁ%ﬁté'ﬁuﬁb@kdo%néﬁéﬁJ§%1ctlon detecting

stranded nucl ei ¢ aci i n accordance Wt e presen
sefhiyensi 6n.asA pattsarabequencei@gs kbpirody&apbage DNfostrate

ra__sShuzo), was lified hy the PCR nethod (see _
ca&mKé AMRT©VH gléexperlﬁght§xﬁm 1 atfed " URRS N3, reaction
detChapien Z2ecplibhkskeds H%S@%ﬁ@%gs%bd%@”éﬂgﬂg%fgbed radially.
Ltd. (1998)). Upon conducting the anplification,
Or g¥FPLARd WUPPCROTC fere aHbednbereneat Po sokhlal disk plate

10IE§9L§E§§ﬂél¥}:?g :oghe PQB gﬁgg%géd %ﬁﬁ&hgrgﬁgg 'Pfcan_ be
immobilized in the reactlon detectlng sections 6 divided in
groups.
(Example)

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:
“"Bioexperiments Illustrated”, volume 3, Chapter 2, published
in Japanese, Shujunsha Co., Ltd. (1998)). Upon conducting
the amplification, dITP 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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biotinylated at the 5 end thereof (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 from

the gel. "Q Aquick CGel Extraction KIT" (Q AGEN K K.)
-was used for the extraction of the DNA fragnents.
Qutline of preparation of single-stranded DNA. In a
series of steps, a "D NABEADS Kil obase Bi nder Kit"
(Rendnylaeel westhses: eddechasddst anoyodoubtep st ragslacd g
DNA was caused to bind to avidin applied on the

beads pnandidwaprihen. nodified with an alkali to

i berate the biotin- unnodified, single-stranded DNA

of the Toalper Yranded wabNAubhetbedl tguish phase so

t hat single-stranded DNA was obtained for use in the
edxttsbphonéstisie £xXpaid vent .sIBeser baedbspeciddsal by, from
t he beads ("DYNABEADS M 280 streptavidin”, 5 L) in

the kobivkor sfishedp n die ddubldi-pgrantiedi o (Zhdmnents
and were then suspended in the binding solution (20
WepreArxavadied biotm ntheegptl .on “paBqu hex telo ke tzedion
Sanple DNA (20 L), which had been anplified by PCR
WILTH AQBRGEN Nyl Btedvapr iumrd fand theeexabave: e sef ithed pxa
beads suspension, followed by incubation at room
fepapeeatare for three hours. The beads were

Outline of preparation of single—straﬁded DNA. In
a series of steps, a “DINABEADS Kilobase 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-
unmodified, 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 (“DYNAREADS M-280
streptavidin”, 5 uL) in the kit were washed in the
'binding solution (20 pL), and were then suspended in the
‘bindiﬁg solution (20 pL). An avidin-biotin reaétion was
next conducted. _Sample DNA (20 upL), 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

14



14 coll ected by a nmagnet, and subsequent to renoval

of the supernatant, were washed twice with the
washi ng buffer (40 L each) to elimnate unreacted
DNA. 200 nmM sodi um hydroxi de (20 L) was added,
followed by incubation at OC for 10 mnutes to
effect an alkali nodification of DNA. The
supernatant with |iberated single-stranded DNA
cont.ai ned therein was coll ected. The .supernatant was
concentrated using."M CROCON' (MI1lipore

Cerperabiopy, a ansghde, |dmisiRasenwascr gphasst df tihe
ultra pure water to | ower the concentrati on of sodi um

bygeexadant Theetd ugaahiditiadcagueaushbNAe SR1 & i 190 {5
L) was placed between opposing al um num el ectrodes

guoapgedatn) aco pal ImiMdde dhrRleeMabyget at 25 m and
a high-frequency ac electric field voltage of 1 MHz

and 1. 5204 jniMn RS vaPPhiaedxiAs 22668 twad ladMRS1, followed
possi bl e to have the single strands of DNA stretched

- by theubqueensasaiut ifer. 10hat nuttat € off Sddetigh 2R 5
confirmed by observations under an evanescent

mpdi 6$ capeorf neh UfECt uTed byp&ryaPaws: GartONAe@a)ed

M cr ophot ogr aphs obtai ned by those observations are
shoghe at Fagded N deng.ai%edFither8ihSwds - collected. The
m crophot ograph of a single strand of DNA in a
sapdonatant wag mdnrerdteaggde ogsngoruMICROCde! oM 11ipore
Corporation), and the liquid phaserwas replaced with
ultra pure water to lower the concentration of sodium
hydroxide.

The thus-obtained agueous DNA solution (5 uL) was
placed between opposing alumihum electrodes arrénged in a
pair with an interval set at 25 pm, 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 aqueous solution. Thaﬁ
state of stretch was confirmed by observations under an
evanescent microscope (manufacturea 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

15



the electric field was applied, and Fig. 9 is a 15

m cr ophot ograph of single strands of DNA stretched by
the application of the electric field. Industria
Applicability The present invention can be used, for
exanple, in a technology for immobilizing one or
nore detecting nucleic acids such as detecting DNA
probes in stretched forns at predeterm ned | ocations
on a substrate which nmakes up a DNA chip or in a
technol ogy for performng hybridization while

- sticebphbhggoagh o5 £ noiey igmmbianidzeds DNEt €Ctéttthed by the
nucl ei c acids and one or nore target nucleic acids
egpilppetiemn tbf ctongl elmrtEiy fdenands. Wien a

hi gh-frequency ac electric field is applied to a
singl e-stranded nucleic acid existing in a free form
or inaformimmobilized at a termnal thereof in
pudestwaa brappliareladgiegus sol ution of pH 5 to 11, the
si ngl e- stranded nucleic acid which has been in a
randomi@ [prefsern dosehoibhecaml bernidaat), foanehample, in
stretched while avoiding electrolysis. Described
gpeerhnehddy, fan imrrbidligudgi sneoosi dereddiedidng
formed by phosphoric ions (negative charges), which
hbkéelp adiedslaidt e detactsnggbiA spremeed mucheicehed
acid, and their surrounding hydrogen atonms (positive
énargeal miegdatedniined Wecetions 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 hucleic 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
,‘single-stranded nucleic acid, and their surrounding
hydrogen atoms (positive charges) derived from water.

Polarization vectors (dipoles) produced by these negative

16



Pol ari zation vectors (dipoles) produced by these
negati ve 16 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
nucleic acid can be stretched. In addition, when a
-non-uniformelectric field is formed in the aqueous
solution such that electric lines of force
concentrate on a particular position, the

shagyes sdndnsed nud ebargeisdawnhi chhexd &1 | raaskrieeo
form in the agueous solution is caused to nove
townend imengasindaricon ashacihbhe wectaprd ildandsnobt a
force concentrate.  This phenonenon is called

hilglet Soequosrinyr esi $ledtihde, fuklf, andiewd oraseduci nhe
the effect of convection which occurs as a'result of
amnghersasmdar appllieed eglitagen bdestaguetesi.sol uti on

i s placed between opposing el ectrodes arranged at an
i nt ervdin efid25ioner whhor & eromanthiddrmgklettefjoeftyldcis
electric field is applied to the aqueous solution at
fotmeh In ddrercpeciuss601kHEoDr sty Heratard eatiriapplined
vol tage sufficient to give an electric field

of r Epigteh wincPmzryie on hi ghtkichibir axwiplien, the
dielectric polarization can be surely induced on the
sipgle-h nugdeliei ecadi vhesdh s3ximFs dnaar ndenform
coil form As a consequence, the single-stranded
ycthy caEmqiscgplpdion is caused to move toward the

position on which the electric lines of force concentrate.
This phenoménon is called “diélectrophoresis”. When, with
a view to reducing the effect of convection which ocecurs
aé a ‘result of an increase in applied voltage, the
agueous solution is placed between opposing electrodes
arranged at an interval of 25 um or shorter and a high-
frequency ac electric field is applied to the agqueous
solution at a high frequency of 500 kHz or hiéher and an
applied voltage sufficient to give an electric field
strength of 1.2 V/pm or higher, for example, dieléctric
polarization can be surely induced on the single-stranded
nucleic acid existing in a random coil fofm.- 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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linearly stretched in parallel with the electric
field. By the above-descri bed el ectrodynam c effect
called 17 "dielectrolysis”, it is possible to
naturally draw the polarized, single-stranded
nucleic acid to an edge of the electrode and to
immobilize it in a formmintained in contact at one
end thereof on the edge of the opposite el ectrode.
Thi s can be used when arranging and i nmmobilizing
detecting DNA probes or the like in reaction wells
oidialBArohypior, tite dd kessli@esikcbghetstdBndetraw the
nucleic acid stretched in the formimobilized at the
oodaréndd( t eimghal gt theiebhucdbdenaciat ©o the dddedidgralkhe
random coil formwhen the electric field is turned
eflectWbilh and uod eimncciild 2shiich insai Aoan wdiredched in
form its base sequent is exposed so that adverse
ebheets dtieond ceral dtlermenfhiondtarcedge dhethlopposite
fluctuations can be elimnated. Its hybridization
wileht ande herThigc lceinc bac ided hekéem gaaraagriplge a@dt ar y
strand is, therefore, allowed to proceed with high
afnfnpb i hsinantk the ghirac ARapyobasacshotd 1ikaren ¥@action
CLAIMS 1. A nucleic acid stretch nethod of
yedéechf ng Bife dluld ow dresiligke- sthreardegledekehndadi d
(1) or (2) by

nucleic acid stretched in the form,immobilized;at the one
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 complémentary strand is, therefore, allowed to
proceed with high efficiency and high accufacy in a short

time.
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causing an ac electric field of a high frequency to
act on said single-stranded nucleic acid (1) or (2):
(1) a single-stranded nucleic acid existing in a

free formin pure water or (2) a single-stranded
nucleic acid existing in pure water and in a form

i mobi Ii zed on one or both of opposing electrodes
wherein said electric field is generated by said
opposi ng el ectrodes arranged facing said pure water,
and a distance between said opposing el ectrodes is
set at 25 pm or shorter. 2. The nucleic acid stretch
met hod according to clai mdiamwbkerein said high
frequency has a frequency of 500 kHz or higher, and
a vol tageli &A appleed dddgsvestamm meteet rdiCcsti€ldhing the
strength of 1.2 V/pmor higher. 3. The nucleic acid
st rfetlé Avid [Rodvdecordindgdtmuciclia avld (heoei 2)said
stretch of said single-stranded nucleic acid is

ef (EEELHY P dicefbetophdiesd £ 2ohigh Arggednsivx tackdr on
stretch system characterized in that hybridization
i s SEORAEREE BYraRisy rugsetne st (Bomsl datht ary

st rands, si ngl e-stranded nucleic acid stretched by
a met hod ZJC)CST g?‘?\%let_ﬁtfﬁ’&‘ii?ﬂ fucEsio ahddl ertstdapdin a

Steben:Sysiamprovided gt |east
(2) a singie-stranded nucleic acid existing in pure
water aﬁd in a form immobilized on one or both of opposing
electrodes ;
wherein said electric field is generatedrby said
opposing electrodes arranged facing said pure water, and a

distance between said opposing electrodes is set at 25 nm

or shorter.

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/pm or higher.
3. The nucleic acid stretch method according to

claim 1, wherein said stretch of said single-stranded

nucleic acid is effected by dielectrophoresis.
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with a reaction well|l capable of storing an aqueous
solution therein and a neans for formng a

hi gh-frequency ac electric field in said reaction
well, the reaction well containing a single-stranded
nucleic acid existing in a free formin pure water

or a single-stranded nucleic acid existing in a form
i mmobilized in pure water on one portion of said
means; wher ei fusShiid FeadSstretanranged, tondaceesaidy in
pure water and a di stance between said neans for

f othd ngudrrhilghet fanequenoyduaceel iectusi g f ial dnkSoset at
25 pmor shorter, further wherein said neans is
capalpemghthoy mitgndshi gheinhi egrisnroyedcellectracid
field to stretch said single-stranded nucleic acid.

6. TR el BY @ &sitodt #etceliny stemlagmordi ng to
cIa|n15 mhereln said reaction well is provided with
at | east”a Dal¥cI6f < oppissishgeettectrbee Pravddsdiar least

9% stranded nucleic acid is imobilized at an
enH Bt dERCHIPD areddr ‘F%R"’é’lﬁr oEuFTadeg U 36iHECBF bot h

electrodes., 20 7. A nucleic acid

f

gt r:?‘ll l"s“%?‘“rﬁ gjs a&%f?ﬁ%e&‘rﬁsn %’F aﬁorﬁ“l%g %ﬁ‘éﬁ&c?’é?‘l%é‘&y
f .

in I: ec&?&g fﬁleeqcéit gnse\(\e reac ecla CW (Ilff,do aﬁgcaon well

stret SI ngl e-s ran nuc

COB&%ﬁaﬂ%ﬁkery §¥ﬂ§§gggtééﬂaegyguéfgi%agéfﬁ]ex1stlng in a
free form in pure water or a single-stranded nucleic acid
existing in a form immobilized in pure water on one portion
of said means;

wherein said means is arranged to face said pure
water and a distance between said means for ferming a high-
frequency ac electric field is set at 25 pm or shorter,
further wherein said means is capable of forming a high-
frequency ac electric field to stretch said single-gtranded
nucleic acid.

6. The nucleic acid stretch system according to
claim 5, 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.
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8. A DNA chip conprising a neans for stretching a
singl e-stranded nucleic acid, which exists in a free
or imMmobilized formin pure water, wherein the means
is capable of stretching said single-stranded
nucl ei ¢ acid under an action of a high- frequency ac
electric field applied to a reaction well with pure
water retained therein; and opposing el ectrodes for
form ng said high-frequency ac electric field with a
di stance between said opposing electrodes set at 25
pm or shorter. 21

7. A nucleic acid stretch system as defined in claim
5, characterized in that said reaction well is capable cof
an stretched single-stranded nucleic acid as one of
complementary strands for hybridization.

8. A DNA chip comprising

a means for stretching a single-stranded nucleic
acid, which exists in a free or immobilized form in pure
water, wherein the means is capable of stretching said
sihgle—stranded nucleic acid under an action of a high-
frequency ac electric field applied to a reactioh wel; with
pure water retained therein; and

opposing electrodes for forming said high-frequency
ac electric field with a distance between said opposing

electrodes set at 25 um or shorter.
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