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1 SPECIFICATION METHOD OF ELONGATING DNA CHAIN, METHOD
OF AMPLIFYING DNA CHAIN, AND MICROARRAY FOR DNA CHAIN
ELONGATION 5 TECHNICAL FIELD [@001] The present invention
relates to a method of elongating DNA chains through immobilizing
primer DNA chains onto the 10 surface of a predetermined plastic

substrate, a method of amplifge%elDﬂAC%ﬂr@@nd a microarray for DNA

chain elongation used for these méethods GROUND ART 0002] 15
Non-Patent Document 1 discloses a technique of proceeding DNA
amplification based on solid-phase PCR (Polymerase Chain Reaction) ,

VETHOOR BNANGAPANE DRWNGHZNAIChRIPT HODCORGANMSLANMErNGmMA CHAI N,
through a covalent bond to the surface of a glass substrate modified with
a predeterhibe dViroiROARRAEY 26 GkageNA 008 Nort=PaeGADbEIent 2
gives a description suggesting feasibility of a device applicable to the
novel PCR technique, based on characteristics of hybridization with a
redetermined 25 DNA chain and thermal stability under PCR-like
TECFEWvﬁ%ngﬁt,ElePaluated using a DNA microarray having a poly(methyl 2

[0001]

The present invention relates to a nmethod of el ongating
DNA chains through i mmobilizing primer DNA chains onto the
surface of a predeterm ned plastic substrate, a nmethod of
ampl i fyingaDNAchain, andam croarray for DNAchai n el ongati on
used for these nethods.

BACKGROUND ART
[0002]

Non- Pat ent Document 1 di scl oses a techni que of proceedi ng
DNA anmplification based on solid-phase PCR (Polynmerase Chain
Reaction), using a DNA m croarray havi ng DNA chai ns, which act
as primers, bound through a coval ent bond to the surface of a
gl ass substrate modified with a predeterm ned am no-sil ane
reagent .

[ 0003]

Non- Pat ent Document 2 gives a description suggesting
feasibility of a device applicable to the novel PCR techni que,
based on characteristics of hybridization with a predeterm ned
DNA chain and thermal stability under PCR-1ike environment,

eval uated using a DNA m croarray having a poly(methyl
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methacrylate) in place of a glass substrate, and having DNA fragments
immobilized on the surface thereof. [Non-Patent Document 1] Adessi,
Celine et at., "Solid phase DNA amplifi@ation: Characterization of primer
attachment 5 and amplification mechanisms", Nucleic Acids Research,
2000, Vol. 20, No. 20, e87 [Non-Patent Document 2] Fixe, F. et at.,

" jonalizati f pol hyl h | b _
e A ety Ko e Measaret 004 §6 San 10 D410 ONA
Fr ag¥e sk CRRISEL OSURERF THE INUENTIGN GRB¢kTe present

inventors tried the DNA chain elongation 15 reaction based on the MPEC
(MuRiple-Rrites dixtemsivn e ra Chip) Repsess, usige IvRieUSEINA| ., " Sol i d
microarrays represented by those described in Non-Patent Documents 1,

p haszantlAcafoyih, dnddadndo but Elpae@anh @ronzdtitioen tlodrnpal unfeidiag t achment
after the DNA chains are elongated, or annealed, using the template DNA

and @asi ousdbb etheasfiReRd E¥Blis inNHEd CofARe fgmBS8@dech, 2000,
immobilized to_the DNA microarray substrate, together with the template

Vol . DI%,Q,' alther? SoivéPehis problem by using a substrate having a

{)hrzre (t) rn@aetd eprg)tlyn?% (?H%Set%rt]ce I’O\{._i.geédg t&) tlll_e sur{acg1 thereof, and

y completed the present invention. 005] Kccof ing to the

" FunESESI HIVERUAN; Bigreoils PRIGRdrfAe MO0 RS ElPRgriN%.P A COEMM) as a
which includes immobilizing 3
substrate for DNA m croarrays", Nucleic Acids Research, 2004,

January 12, Vol. 32, No.1l, e9

DI SCLOSURE OF THE | NVENTI ON
[0004]

The present inventors tried the DNA chain elongation
reaction based onthe MPEC (Mul ti ple Primer Extensi on on a Chi p)
process, using various DNA m croarrays represented by those
descri bed i n Non- Patent Documents 1, 2 and so forth, and found
out a phenomenon that the t hermal unfol di ng after t he DNA chai ns
are el ongated, or anneal ed, using the tenpl ate DNA chai ns bound
to the primers results in dropping of the primers, once
I mobilized tothe DNA m croarray substrate, together with the
t empl at e DNA, and t hen sol ved t his probl emby usi ng a substrate
havi ng a predet ermi ned pol ymer substance providedtothesurface
t hereof, and thereby conmpleted the present invention.

[ 0005]
According to the present invention, there is provided a

met hod of el ongati ng DNA chai ns, which includes inmmobilizing
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primers for DNA elongation onto a substrate having on the surface
thereof a polymer substance which contains a first unit having a group
derived from a phosphoester composing the hydrophilic section of a
phospholipid, and a second unit having a carboxylic 5 acid-derived group
configured by an electron-attractive substitutive group bound to a

or i GO OTOHA LPRITGA RN OYIET IR HRGHERE MBI e sur face

sample containing te ragments or emplate e

t herRAYINGRABYTEHREAUSRALS A BRZXIRG BXPleMARTRMA 19 ¢hainst unit having

elongation and nucleotide monomers, up to a temperature causing
a grbepnalamnfaleing of he RNAIEOH8IpA deterred te arptharmagl unfeldingdr ophi | i ¢
temperature", hereinafter); cooling the reaction system down to a
s ect tempeddtiaetbio aphedling (rdferaathtaas ¢ammedling itémipanaturg”albar boxyl i ¢
_hereinafter); and allowing elongation reaction of the DNA chains to .
aci doreddd Ridhd Fedidfort §y3tdny WitRFeiR ¥l BMthBdeeSrotddtedhid act i ve

allowed to proceed in Ee same liquid phase system. 20 [0006] By
SubShiGHHG 160 BHRer8 % & bt AR 6 Bhnealing the
RN LI do e pPaLed DN chay DIbRgAin rEGH i ey el n @

oS P, R e A P AR

f r aginenn DA farming dabler siiande qo decbstrate, whiteykaepigshem f or  DNA
chain el ongation and nucl eoti de nonomers, up to a tenperature
causi ng thermal unfolding of the DNA chains (referred to as
“"thermal unfolding temperature”, hereinafter);

cooling the reaction system down to a temperature for
annealing (referred to as "annealing tenperature",
herei nafter); and

al l owi ng el ongati on reacti on of the DNA chai ns to proceed
in the reaction system

wherein all of these processes are allowed to proceed in
the same |iquid phase system

[0006]

By i mmobilizing the primers to a predeterm ned substrate,
by annealing the primers with the tenpl ate DNA fragments, or
by hybridi zing the tenmpl ate RNA fragnments, so as to proceed DNA
chain el ongation reaction inthis way, and by all ow ng t her mal
unfol ding to proceed after the reaction, the tenmplate DNA

fragments or tenplate RNA fragments can be rel eased from DNA

form ng double strands on the substrate, while keeping the
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4 single-strand DNA elongated from the primers remained on the
substrate. 0007] Although it has conventionally been necessary for a 5
washing process to remove the DNA fragments or RNA fragments which
have not been incorporated into the double strand, there are no DNA
fragments nor RNA fragments non-specifically adsorption to the

: ubstrate, and this is sup ly contributive, to effectively proceed.
s 1o T R SRR oA G HETHELT PSR gl on the
subsPerginecessary to wash the substrate before the elongation reaction.
0008] Although the conventional procedure, involving the individual
[ oopREesses of hybridization, washing, and elongation 15 under addition of
enzyme and monomers, was such as allowing the hybridization and the
eloNgatimughctidn tb psoceed ineseparata lligyid phasesntheqgsesseny for a
invention makes it possible to proceed the hybridization and the
was hd|Gieafib® ol B thE BRAWR IiqhRI fHH8e f 2R 0B9 1§ tHY mBINOdfof agment s

. _elonpgating DNA chains, the group derived. from phosphoester contained
whi Gy A B of HESULRG4EP 5\%8%&/%8&f'ﬂﬁo@&%‘?@l%hﬁﬁﬁeﬁnd’ there

or e HRCTREAST SRR U QR a1

ads oRNPEPHIN BIYOSECSIBYR r at e, and thi s i s supposedly contributive
to effectively proceed enzymatic reaction involved in the DNA
chain elongation, making it no nore necessary to wash the
substrate before the el ongation reaction.

[ 0008]

Al t hough the conventional procedure, involving the
I ndi vi dual processes of hybridi zati on, washi ng, and el ongati on
under addition of enzyme and monomers, was such as all owi ng the
hybri di zati onandthe el ongationreactiontoproceedinseparate
i quid phases, the present invention makes it possible to
proceed the hybridizati on and the elongation reaction in the
same |iquid phase.

[ 0009]

Inthis method of el ongati ng DNA chai ns, the group derived
fromphosphoester contained in the first unit of the substrate
may be any one of phosphoryl choline group, phosphoryl
et hanol am ne group, phosphoryl serine group, phosphoryl
i nositol group, phosphoryl glycerol group, and phosphati dyl
phosphoryl glycerol group.

[0010]
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[0010] 5 By providing an environment similar to phospholipid onto the
surface of the substrate in this way, the DNA chain elongation reaction
can now proceed in an environment sindlar to the intracellular one. The
DNA chain elongation can 5 therefore be proceeded under more milder
conditions. 0011] In the above-described method of elongating DNA

chglns, €8ch §f 11g PUNSLs 113 8 A.BNATagMeDt It Which 008 R89S B 4 ont o

a balse"sequence containing a characteristic sequence of a

t he RIGHSLGIERINGS LAfgRE 0gnmis reniaced; with aotheg ggse. t ¢d 2R NS ai n

configuration, the method of elongating DNA chains 0f the present

el ongeantion beecroes applicaklierio anplyss ok gingte auclestider onment sim | ar
polymorphisms (SNP). 15 [0013] In the above-described method of
t o tdlengathg BNA dhainar eacreof thélpeimaiAIs cbmposed afragat i on can
predetermined number of base sequences, and is a DNA fragment
t hergfgatstvideqtende duttl e8mplery ftdNi204eu14¢ 8P eHid | ons.
configuration, the DNA chain elongation reaction of the present invention
[ mes applicable to the analysis based on sequencing-by-hybridization

(SBH)- RaShEBIRIEALONT BRI REY MGt o'U9HRY RYAonA chai s,

each of the primers may be a DNA fragment in which one base of
a base sequence containing a characteristic sequence of a
predeterm ned target gene is replaced with another base.
[0012]

By t hi s configuration, the method of el ongati ng DNA chai ns
of the present invention becomes applicable to analysis of
singl e nucl eotide polynorphi sms (SNP).

[0013]

In the above-described met hod of el ongating DNA chai ns,
each of the primers is conposed of a predeterm ned nunber of
base sequences, and is a DNA fragment having its own sequence
out of conplete sets.

[0014]

By this configuration, the DNA chain el ongation reaction
of the present invention becomes applicable to the analysis
based on sequenci ng-by-hybridization (SBH).

[0015]
In the above-descri bed met hod of el ongati ng DNA chai ns,

each of the tenplate DNA fragments may be a cDNA fragment
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each of the template DNA fragments may be a cDNA fragment 6 obtained
by treating a predetermined RNA with a reverse transcriptase. [0016] By
this configuration, the DNA chain elongétion reaction 5 of the present
invention becomes applicable to gene expression profiling and can
proceed it only by simple operations, excluding most part of labor- and

time-consuming sample PLe rt nlnh ener alyses, but using,
ot o e AT e SO ol S een s vPE0er se
t r anfS¥ers (f,ltrgg%prlptlon product 10 from genomic DNA or total RNA. 0017]
According to the present invention, there is also provided a method of
[ 0oarsplifying DNA chains, which includes immobilizing primers for DNA
elongation onto a substrate having on the surface 15 thereof a polymer
suBstahbe whobrdonginsat firstrunit HeiigNa grbap degveninfgmt aon reacti on
hosphoester composing the hydrophilic section of a phospholipid, and a
of t E&Mmﬂiaviﬁ@%ﬁéﬁrb@@h@e&diﬁ%érl\?é?jpdrb&rﬁ rfigufed spsnexpr ession
lectron-attractive substitutive ngoup bound to a carbom(é1 ﬁg];rou

pr of H aliRg a 304t1i6R ByRérh h&GiHg IntroBiked téref sMhfpfe %Fn?a Hn?d‘s
exc 1 SHPIAP RATagmEts y malgie RNA ragmnts v esied o o) o

sequences, an e Zyme system NA " chain elonga jon‘an

e HESANEN U9 SLSTOREP SHEBET MGG SOIN o oo
DNA fragment s, cDNA obt ai ned as areverse-transcri ption product
from genom ¢ DNA or total RNA.
[0017]

Accordingtothe present invention, thereis also provided
a met hod of amplifying DNA chains, which includes i mobilizing
pri mers for DNAel ongati ononto a substrate havingonthesurface
t hereof a polymer substance which contains a first unit having
a group derived froma phosphoester composi ng the hydrophilic
secti on of a phospholipid, and a second unit having a carboxylic
aci d-derived group configured by an electron-attractive
substitutive group bound to a carbonyl group,

heating a reaction system having introduced therein a
sampl e containing tenmplate DNA fragnents or tenplate RNA
fragments having desired sequences, an enzyme system for DNA
chai n el ongation and nucl eoti de monomers, up to a tenperature

causi ng thermal unfolding of the DNA chains (referred to as

"thermal unfolding temperature”, hereinafter);
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7 cooling the reaction system down to a temperature for annealing
(referred to as "annealing temperature", hereinafter); allowing elongation
reaction of the DNA chains to proceed B in the reaction system; allowing
thermal unfolding of the DNA chains to proceed; and allowing annealing,
elongation reaction and thermal unfolding to proceed if necessary, 10
wherein all of these processes are all to,proceed in _th me Jliguid
g e B i b ot Emecdre for
anne3HPSHe( Px pERGANRG the Rimers Wik M Pl BYAfiagments, or
15 by hybridizing the template RNA fragments, So as to proceed DNA
her eG¢haéf @lergation reaction in this way, and by allowing thermal unfolding to
proceed after the reaction, the template DNA fragments or template RNA
fragmeatsi cag I8 i@fezpaed ront BEAL foomingfdduide Bikdndhan the t o proceed
. substrate, while keeping the 20 single-strand DNA elongated from the
I N thendre AShAiRdY &rY hee&libstrate, and the template DNA fragments or
theﬁjem late RNA fragments fgr ouble-érsfran s with unreacted primers _
in el fOM RANLARG TR thbrd QTJ cB8d He h&& DK cA&iAebhghfioR 0ceed;
Repetition of this cycle enables the DNA chain amplifying 25 reaction
based on the MPEC process. [0019]

al l owi ng anneal i ng, el ongation reaction and thermal

and

unfolding to proceed if necessary,

wherein all of these processes are allowed to proceed in

the same |iquid phase system
[0018]

By i mmobilizing the primers to a predeterm ned substrate,
by annealing the primers with the tenpl ate DNA fragments, or
by hybridi zing the tenmpl ate RNA fragments, so as to proceed DNA
chain el ongation reaction inthis way, and by all ow ng t her mal
unfol ding to proceed after the reaction, the tenmplate DNA
fragments or tenmplate RNA fragments can be rel eased from DNA
form ng double strands on the substrate, while keeping the
singl e-strand DNA el ongated fromthe primers remai ned on the
substrate, and the tenplate DNA fragments or the tenpl ate RNA
fragments f or mdoubl e-strands with unreacted primersinthenext
annealing, to thereby proceed the next DNA chain el ongati on.
Repetition of this cycle enables the DNA chain anmplifying
reaction based on the MPEC process.

[0019]
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8 Although it has conventionally been necessary for a washing process to
remove the DNA fragments or RNA fragments which have not been
incorporated into the double strand, theBe are no DNA fragments nor RNA
fragments non-specifically 5 adsorption to the substrate, and this is
supposedly contributive to effectively proceed the enzymatic reaction

invplved in the DNA, chain elongation, making, jt no more necessar
RS e e R BN L S I R B e Saesth e @
was hFanyeryiosalgyacedyre, dimolving the ipfividpal pIesesees &fr RNA fragment s

hybridization, washing, and elongation under addition of enzyme and

whi cRonemers; wastseieh asradewing thae dybridizaianandiveplangatieand, t here
reaction to proceed in separate liquid phases, the present invention

ar e makddN¥pdssibpne 16 proveed Rivthybridigationt andritbe elopgatiohi cal |y
reaction in the same liquid phase. 0021] In this method of amplifying .

ads onRA icARIASO thd Browd 8érivat efrofNshbsphddstep EeRAREHINtHeGRStr | but i ve

it of the substrate 20 may be any one of phosphoryl choline group, )
to effREhAYE ihaRbRAR R/, SHECHRBIY <ore SFdpoBrbdprBlyy ed 1 n the
onn IR AP SNE 0 SRR wmn e
s ubsRhogpROlipiEhARiQ theauriacs RhheisyRstrate b this yvay, the DNA chain

[0020]

Al t hough the conventional procedure, involving the
i ndi vi dual processes of hybridi zati on, washi ng, and el ongati on
under addition of enzyme and monomers, was such as all owi ng the
hybri di zati onandt he el ongati onreactiontoproceedinseparate
| i quid phases, the present invention makes it possible to
proceed the hybridization and the el ongation reaction in the
same |iquid phase.

[0021]

Inthis method of amplifying DNA chai ns, the group derived
fromphosphoester contained in the first unit of the substrate
may be any one of phosphoryl choline group, phosphoryl
et hanol am ne group, phosphoryl serine group, phosphoryl
i nositol group, phosphoryl glycerol group, and phosphati dyl
phosphoryl glycerol group.

[0022]

By providing an environnment simlar to phospholipid onto

the surface of the substrate in this way, the DNA chain

ampl i fying reaction can now proceed in an environment sim | ar
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amplifying reaction can now proceed in an environment similar 9 to the
intracellular one. The DNA chain amplification can therefore be
proceeded under more milder condition8. 0023] According to the present
invention, there is provided a 5 microarray for DNA chain elongation
which includes a substrate having on the surface thereof a polymer

to t}LSIRET AR contains (fhfér?t “‘Ph*e‘?VWAaEWé{TP rﬁ’e%@g{ Hifation can
phosphoester composing the hydrophilic’section of a phospholipid; and a

t her¥caRGUNE hayiag 8 catexylisacid-drsived ayoun cpigyresl iy hi0
electron-attractive substitutive group bound to a carbonyl group, and
[ oorrafers for DNA elongation immobilized onto the surface of the substrate.
0024] 15 By immobilizing the primers to a predetermined substrate, by
anAcaliog dnengrimerstwith the eseplatei DNA fragraentst drebyehylsidimirayi ded a
~the template RNA fragments, so as to proceed DNA chain elongation
m craétionynftsis wallAarl i Allewmg fdrman uifdidiRgitd plo¢eEs apepUbst rat e

.the reaction, the template DNA 20 fragments or template RNA fragments ,
havi 5% 68 LIRSS KHAFSNA Sirhilg Aot AR U hth8 Qs Ghnfignt ai ns
« 11 KEFUTR e AR BUA 00 7D 08 BIPENTNSIE] Forposi ng
the Y@rophilic section of a phospholipid, and a second unit
havi ng a carboxylic acid-derived group configured by an
el ectron-attractive substitutive group bound to a carbonyl
group, and

primers for DNA el ongation i mobilized onto the surface
of the substrate.

[0024]

By i mmobilizing the primers to a predeterm ned substrate,
by annealing the primers with the tenmpl ate DNA fragments, or
by hybridi zing the tenmpl ate RNA fragnments, so as to proceed DNA
chain el ongation reaction inthis way, and by all ow ng t her mal
unfol ding to proceed after the reaction, the tenmplate DNA
fragments or tenplate RNA fragments can be rel eased from DNA
form ng double strands on the substrate, while keeping the
singl e-strand DNA el ongated fromthe primers remai ned on the
Substrate.

[ 0025]
Al t hough it has conventionally been necessary for a

washi ng process to remove the DNA fragments or RNA fragments

whi ch have not been i ncorporated into the doubl e strand, there
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washing process to remove the DNA fragments or RNA fragments which
have not been incorporated into the double strand, there 10 are no DNA
fragments nor RNA fragments non-spet@ically adsorption to the
substrate, and this is supposedly contributive to effectively proceed the
enzymatic reaction involved in the DNA chain elongation, making it no

ar e Pkeﬁ]ejjg %gr?eW"JfSh the ? Sﬁ%&rqe %ef%g the elaﬁ%atlon r?ual O | y

e conven |onal procedur Invo V|ng Indivi

ads oRrBE§SSRSIQ) b dizalion.ashing,fnd ﬁ'ioﬁqagoé‘ub'b% adeifjondht ri but i ve

enzyme and monomers, was such as allowing the 10 hybridization and

t o etheP&tangaionregachaele dro¢aeddn sopalatiecliquic phases, thewoesest in t he
invention makes it possible to proceed the hybridization and the

DNA elbagatioa lreagiath incthe seake licgiid phase. 002 b% trethisamigrdaoraywash t he
for DNA chain elongation, the group derived from phosphoester
s ub sgonedifeddf R Mrst Ui of ten s@strae m&26é h®ene of phosphoryl
choline group, phosphoryl ethanolamine group, phosphoryl serine group,
[ &%sphoryl inositol group, phosphoryl glycerol group, and phosphatidyl

to p osp néﬁépld onto Srok%rﬁ)y nqoszh ?Védé%ﬁ gnVIFOH%gepBillﬂéart he

€ sur ace o strate in h|§ way,

i ndi Q{\gggg@gﬁtﬂ%‘c ERPSHQN OPt e Sud ?‘%ea?f B¢ SURBLERHE AN NPWd el ongat i on
undee additi on of enzyme and nononers, was such as all owi ng t he
hybri di zati onandthe el ongationreactiontoproceedinseparate
i qui d phases, the present invention makes it possible to
proceed the hybridizati on and the elongation reaction in the
same |iquid phase.

[0027]

In this mcroarray for DNA chain elongation, the group
derived from phosphoester contained in the first unit of the
substrate may be any one of phosphoryl choline group, phosphoryl
et hanol am ne group, phosphoryl serine group, phosphoryl
i nositol group, phosphoryl glycerol group, and phosphati dyl
phosphoryl glycerol group.

[0028]

By providing an environment simlar to phospholipid onto
t he surface of the substrateinthis way, the DNA chai n el ogati on
reaction onto the surface of the substrate can now proceed in

an environment simlar tothe intracellul ar one, and this al so

contributes to abolish the washing process. The DNA chain



10

15

20

25

25 an environment similar to the intracellular one, and this also
contributes to abolish the washing process. The DNA chain 11
amplification can therefore be proceedéd under more milder conditions.
0029] According to the present invention, it is made possible 5 to
produce double strands by allowing the elongation reaction of DNA chains

to proce n the DNA microarr nd then to keep single strand DNA .

amp S b B, AR oA S By ShethdFinfng. ™ ! der

condtd BRIEE DESCRIPTION OF THE DRAWINGS 0030] The above and
other objects, advantages and features of the present invention will be

[ oommele apparent from the following description taken in conjunction with the

accompanying 15 drawings. 0031] FIG. 1 is a flow chart showing a
meihedofdnmgiftimy DNA ghams ectordimgen tifiest enmbodinsentatlithepossi bl e
present invention; FIG. 2 is a drawing schematically showing a part of a .

t o pHRAUSE QU S Gdddan die firkt ahbonBaL FIE. Blsand@aivingn reaction

showing.a state of annealing of a_template DNA to the primer on the DNA
of DN AR 160 416 GCR AR RISIMiny o BleST 4 SiFdgatbRCradaEnt © keep

si gl 1 DMAEIOP dIRATRST R Fife 8RALPHNG SPVHI BIEIR ¥ oar r ay

nfo
by thermal unfol ding.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0030]

The above and ot her objects, advantages and features of
the present invention will be nore apparent fromthe foll owi ng
description taken in conjunction with the acconmpanyi ng
dr awi ngs.

[0031]

FIG 1is aflowchart showing a method of anmplifyi ng DNA
chai ns accordingtoafirst enbodi ment of the present i nventi on;

FIG 2 is adrawing schematically showi ng a part of a DNA
m croarray used in the first embodi ment;

FIG 3 is a drawing showing a state of annealing of a
tenmpl ate DNA to the primer on the DNA m croarray;

FIG 4 is a drawing showing a state of the el ongation
reaction of the DNA chain on the prinmer;

FIG. 5 is a drawing showing a state of unfolding of the

resul tant double strand after the el ongation reaction;
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resultant double strand after the elongation reaction; 12 FIG. 6 is a flow
chart showing a method of elongating DNA chains according to a second
embodiment of the present invention; EES. 7 is a drawing showing an
exemplary application of 5 the second embodiment; FIG. 8 is a drawing
showing an example of conventional gene expression profiling; FIG. 9 is

2 depngeeouing Angler ST ARRIRIOT 8 B8P ngat i ng DA

3 S .
embodiment; ana 10 iS a drawing showing still another exem

chai 3f¥licalio P&W?Ng?e%ndae’ﬁ*é%dé'ﬁame%% MERES PR GARRY NG nt

OUT THE INVENTION 0032] 15 Embodiments of the present invention

i nvewitl pe gletailed below. [0033] (First Embodiment) FIG. 1 is a flow chart
showing procedures of the method 20 of amplifying DNA chains as the
firdtle@bodimental e mathod of amplifpigg N creine issyclaagp! i cat i on of
immobilizing primers for DNA amplification (referred to as "primers”,

t he s@sipafbreoke distiBsttate having on the surface thereof a polymer

substance which contains a first unjt having a group 25 derived from a
ShbLiodb P iR e RR AL RA B o e SRR bR 2l gene

expr¥ENLHIHIAING § FRyboxylic

FIG 9 is adraw ng show ng anot her exenpl ary application
of the second enbodi ment; and

FIG 10 is a drawing showing still another exenplary

application of the second enbodi ment.

BEST MODES FOR CARRYI NG OUT THE | NVENTI ON
[0032]
Enbodi ments of the present invention will be detailed
bel ow.
[ 0033]
(First Enbodi ment)
FIG 1 is a flowchart showi ng procedures of the method
of anplifying DNA chains as the first embodi ment.
The met hod of amplifying DNAchainsissuchasimobilizing
primers for DNA amplification (referred to as "primers",
herei nafter) onto a substrate having on the surface thereof a
pol ymer substance which contains a first unit having a group
derived froma phosphoester composing the hydrophilic section
of a phospholipid, and a second unit having a carboxylic

aci d-derived group configured by an electron-attractive
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acid-derived group configured by an electron-attractive 13 substitutive
group bound to a carbonyl group (step S10); heating a reaction system
having introduced therein a sample cortaining template DNA fragments
or template RNA fragments having desired sequences, an enzyme
system for DNA chain elongation and 5 nucleotide monomers, up to a

Subsfmpgc[au{/r%c u8 tQSrmad {Jnf Idm‘%%‘th?gtgp alnf.érergerpg%;“?)asheatl ng

herma unto |ng empera ure ereina CoOll

ar eé‘%ﬁcf'% %»?mﬂ?waw ﬁéeWWFFaé‘HGé%chrﬂrf?é‘P%g elegedioas cont ai ni ng

"annealing temperature”, hereinafter) (step S40); allowing 10 elongation

t e mpleattiompiAherRidinenains 4o preager a1 WeRAction GysteMs(siery$pQ) desi r ed
allowing thermal unfolding of the DNA chains to proceed (step S60); and

S e q ualow/eg), anapaligz ylorgatina t reactionran@iAermiabunfolding ng ptoceed and
if necessary (repetition of step S40 to step S60). All of these processes
nucl ePire GRoWEN @R 6Seed P tHeGatel IRTRIThALS b¥stéraU 8034 If srep mal
as shown in FIG. 2, g primer 14 fof DNA gmplification is immobilize
unf oinc& {

riacA AWt ate 32 (3R 10BEEIP N Qufite dfRGHSRe UNT OF di ng
e EAGHEIR 1S CRBIGIELF WAY aROlvger SUBSance, PICh SOPRIS Acac  on

MPrSEUni havihg a group derived’from a phosphoester composmg the

syst@’t‘ﬁr%‘Wﬁ Seefion elephiasabelipid. fad asaerns Y a("P@iaer red to as

carboxylic 25 acid-derived group, reside on the surface thereof.
"anneal i ng temperature”, hereinafter) (step S40); allow ng

el ongation reaction of the DNAchains to proceedinthereaction
system(step S50); allowi ng thermal unfol ding of the DNA chai ns
to proceed (step S60); and allowi ng annealing, elongation
reaction and thermal unfolding to proceed if necessary
(repetition of step S40 to step S60). All of these processes
are allowed to proceed in the same |iquid phase system

[ 0034]

In step S10, as shown in FIG 2, a primer 14 for DNA
amplification is imobilized onto the surface of a substrate
12.

[ 0035]

The surface of substrate used hereinis configured sothat
a polymer substance, which contains afirst unit having a group
derived froma phosphoester composing the hydrophilic section
of a phospholipid, and a second unit having a carboxylic
aci d-derived group, reside on the surface thereof.

[ 0036]
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[0036] 14 The polymer substance, containing the first unit having a group
derived from a phosphoester composing the hydrophilic section of a
phospholipid, and the second unit havitig a carboxylic acid-derived group,
is a polymer having both 5 properties of suppressing non-specific
adsorption of the DNA chains, and of allowing immobilization of the DNA

chaing: 1Dop3 r'arsWt?sﬁr%“rPcCeO”t%i%%oti”'”r‘ﬁ it it el IS OTOUR ¢ hayi ng

icu
derived from ahp%);ﬁosphoes er composing haelhydr hilic Section™ of a

a gr BhAgsPHelnid lays poolFOf SHBRBRTIGL AT SRS ALY avigotien iy Hi€ophi 1 i ¢

template DNA fragments, and the carboxylic acid-derived group

sectGagkaingd ia tishersphd Lnipplays arale 1oh eheneicallydmmebtizingtheng a
primers. More specifically, the primers are immobilized onto the surface

car bafxlyd substaated tlitenghv & dovglent pond orraeg atl thesite bfeevi ng bot h
carboxylic 15 acid-derived group of a coating layer composed of the

Pr O Ppsdlynh&Ss@fstiéB PICBTS ITME fiff lin® RRG Ibkiconfiglied BS h&ingh the DNA

_group such as (meth)acryloyloxyalkyl phosphorylcholine groups such as.
chai 2-n?é?l‘?\;c9? WJL WV IB%'& [ hbﬁr%tdrélﬁlp,o} t%e DNA chains. 1In

ylo 0s

par t?' fha?FW'PH%XﬁP%‘M'BhOSREOJY'n°Q8'iPﬁgﬂ‘é"% irst unit, and the group

meth)acryloylox Ikoxyafl:<ylp osphoryl choline groups such as

der ii/bﬂl?mar%\ﬂ?ﬂoﬁ\f%@lﬂ(ﬁ%@)ém@?sﬂf@%Sléc?liﬁ‘ Y ﬁ%r oghi lic section

-methacryloyloxyethoxynonyl phosphoryl choline group; and 25
of adligrylpbasphopil éhglinggsoups socleas allydanopphsyi ng non- specific
adsorption of the tenplate DNA fragments, and the carboxylic
aci d-derived group contained in the second unit plays a role
of chem callyimmbilizingtheprimers. Morespecifically, the
primers are immobilized onto the surface of the substrate,

t hrough a coval ent bond formed at the site of a carboxylic
aci d-derived group of a coating | ayer conposed of the pol ymer
subst ance.

[0037]

The first unit may be configured as having a group such
as (meth)acryl oyl oxyal kyl phosphoryl choline groups such as
2-met hacryl oyl oxyet hyl phosphoryl choline group,

6- met hacryl oyl oxyhexyl phosphoryl choline group;

(met h)acryl oyl oxyal koxyal kyl phosphoryl choline groups such as
2- met hacryl oyl oxyet hoxyet hyl phosphoryl choline group and

10- met hacryl oyl oxyet hoxynonyl phosphoryl choline group; and
al kenyl phosphoryl choline groups such as allyl phosphoryl
choline group, butenyl phosphoryl choline group,

hexenyl phosphoryl choline group, octenyl phosphoryl choline
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choline group, butenylphosphoryl choline group, hexenylphosphoryl
choline group, octenylphosphoryl choline 15 group, and
decenylphosphoryl choline group; havitg a phosphoryl choline group
contained in these groups. 0038] Of these groups,
2-methacryloyloxyethylphosphoryl 5 choline is preferable. By composing

or o LRI ARSI o TR oo

gme

chol (1R eSURPISAIS & RE AvRRKESSEH i A 8wge gl¥igipanner. 0039] 10

Although the phosphoryl choline groups having a basic skeleton

[ ooegyessed by formula (a) below were exemplified in the above, the
phosphoryl choline group may be replaced by the phosphoryl
etianotaneiseegroup epmressedritfbmuuiy () pelowy ehbypdhond sokioal y |

group expressed by formula (c) below, 15 phosphoryl serine group
chol éxpeedsed mwérﬁfu%bdd? below (HOEPIRST/INydeb@ grdupsdxpvdsbddy havi ng
o- el (9 bl g S heoproN hcelo e seh o oo 1
adsdggg@@Nﬁmga&@wv&% 1R Pr Wi P EHBHANEGHRRE of ¢ ne
substrate can be suppressed in a nmore strict manner.
[0039]

Al t hough the phosphoryl choline groups having a basic
skel eton expressed by formula (a) bel owwere exemplifiedinthe
above, the phosphoryl choline group may be replaced by the
phosphoryl ethanol am ne group expressed by formula (b) bel ow,
phosphoryl inositol group expressed by formula (c) bel ow,
phosphoryl serine group expressed by formula (d) bel ow,
phosphoryl glycerol group expressed by fornmula (e) bel ow, and
phosphati dyl phosphoryl gl ycerol expressed by fornula (f) bel ow
(the same will apply also to the description hereinafter).

[ 0040]

(Chem cal Formula 1)
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OH (@) OH (b) OVO OPO10HOP OCH2CHO00 OH HO (c) HO OH
N+H3 (d) OH OH OH CH20OH CH2 O P OCH2 0 CHOH 0 CHOH 0
CHOCOR II'1'1I'TT -0-P- OCH2 O- P OrBH2 CH20COR OH (e) OH (f)
0041] The carboxylic acid derivative is a substance having an activated
carboxyl group of a carboxylic acid, and is a 5 carboxylic acid having a
leaying group bound to C=0. The carboxylic acid derivative is, more
spegifically, a compound having a groupﬂof higher electrowithdrawing
___property t roup, as heing,enh ' cleophilic
Orea tivity. éhczeahgkgfﬁcw -derived g%up izcga&j_?o?rt?p%]%&lﬂqﬁowing 10
reactivity against aminqcé;)roup, thiol groug, hydroxyl group areg so forth.
00 The carboxylic acid derivative can Mther specifically 23
exgmplified by compounds in which the carboxyl group(s) of

| o]
- o-P-0— n
| OH — Q0 P— OCH,CHCOO
OH HO (c) | |
| HO OH N+H, (d)
OH
OH c|>|-|
CH,OH “R,— 0™ P OCH,
o éHOH 0 CHOH O CHOCOR
" || | |
—o-pP— O(|3H — 00— P— OCH, CH,OCOR
2 |
|
[0041]

The carboxylic acid derivative is a substance havi ng an
activated carboxyl group of a carboxylic acid, and is a
carboxylic acid having a | eaving group bound to C=0. The
carboxylic acid derivative is, nmore specifically, a compound
havi ng a group of higher electrowi thdraw ng property than the
al koxyl group, as bei ng enhancedinthenucleophilicreactivity.
The carboxylic acid-derived group is a compound showi ng
reacti vity agai nst am no group, thiol group, hydroxyl group and
so forth.

[0042]

The carboxylic acid derivative can further specifically

be exenplified by conpounds in which the carboxyl group(s) of

carboxylic acids, such as acrylic acid, methacrylic acid,
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15 carboxylic acids, such as acrylic acid, methacrylic acid, 17 crotonic
acid, maleic acid, fumaric acid and the like, are converted into acid
anhydride, acid halide, activated ester,1dctivated amide or the like. The
carboxylic acid-derived group is an activated group derived from such
compounds, and may have 5 a group including activated esters such as

p-nitrophenyl.group ,and N-hydraxysuccinimide; halogens such as -Cl.an
e o i, HBAT et rbioey I B Shod ey B8 alghaky 2 @

convpresses RkO0dythe forawin/d) belaw. [90#4 (hemical FREpyig 2} 6 est er

I (1) O (where, in the above-described formula (1) , A is a leaving group

act i Vaexsiding bdexyl aeup.)ka045] Fhewwialertydroup £Epresseskbw ed gr oup
the above-described formula (1) may be either of the groups selected

I s afroacthbse tegprapsed pydies fovradider(pand ¢d) wedomp.A0{AdB46]and may have
(Chemical formula 3) 18 C O - CR1
a group including activated esters such as p-nitrophenyl group
and N- hydroxysucci ni m de; hal ogens such as -Cl and -F; and so
forth.
[0043]
The car boxylic aci d-derived group may be a group expressed
by the formula (1) bel ow.
[0044]

(Chem cal Formula 2)

— C—A
|| (1)
O

(where, inthe above-described formula (1), Ais aleavinggroup
excl udi ng hydroxyl group.)
[ 0045]

A monoval ent group expressed by the above-descri bed
formula (1) may be either of the groups selected fromthose
expressed by the formulae (p) and (q) bel ow.

[0046]

(Chem cal formula 3)
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Il (p) 0-C-ONR2II(q) 00047] (where, in the above-described formulae
(p) and (qg), each of R'and R2 independently expresses a monovalent
organic group 5 which may be any of ti@&e of linear chain, branched and
cyclic ones. In the above-described formula (p) , R1 may be a divalent
group capable of forming a ring together with C. In the above-described
formula (q) , R2 may be a divalent group capable forming a ring together
. gdth_l\l. 00 s the group expressed by the above-described
rmulaTp) th xpressed typicall by the formulae (r) , (s) and (w)
ﬁelow can be exemplified(ﬁg;)the group expressed by the
ove-describe formula (q), the group expressed by the formula 15 (u)
low can be exemplified. [0049] The groups expressed by the
above-described formula (1) may typically be any one of groups derived
from acid anhydrides expressed typically by the formula (r) and the
formula (s) below; 20 group derived from acid halide expressed by the
_ {zrml )19 w; groups derived from activated esters expressed by
e forMula (J)and the formula (w) below; and group derived from

[ (a)
O
[0047]
(where, in the above-described formulae (p) and (q), each of

R! and R? i ndependently expresses a nonoval ent organic group

whi ch may be any of those of |inear chain, branched and cyclic
ones. Inthe above-described formula (p), R' may be a dival ent
group capable of formng a ring together with C. 1In the

above-described formul a (q), R*> my be a di val ent group capabl e
formng a ring together with N.)
[0048]

As t he group expressed by t he above-descri bed fornul a (p),
t hose expressed typicall by the formulae (r), (s) and (w) bel ow
can be exenmplified. As the group expressed by the
above-describe fornmula (q), the group expressed by the formul a
(u) below can be exenplified.
[0049]

The groups expressed by the above-described fornula (1)
may typically be any one of groups derived fromaci d anhydri des
expressedtypicallybytheformula(r) andthefornula(s) bel ow;

group derived from acid halide expressed by the fornmula (t)
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activated amide expressed by the formula (v) below. [0050] 5 (Chemical
Formulad4)o ()~ To (s) 'CI(U0O00OIol 00N (u) NN (v) (w) --y O-Q
0 NO2 o 0 02 0051] Of the carboxylic &8id-derived groups, the activated
ester group is preferably used by virtue of its excellence in the 10
reactivity under mild conditions. The mild conditions can be exemplified by
utr I o kali condition ecific e pH7 O Qve an
bel Ofg @ Lﬁw rﬁgregspeg?ﬂfgll?/%éf% or %bogv%éeand 9.0 3r be)@? esseg by the

f or niill NQrE SPacitically PSP ndn 904 Theeiaglyatethestgh Qf@deer ived from

specified in this” specification is not strictly specified in the definition
act i thareetl bainthe éerenip gererally uppdiah@ teehmaal axregsiase inothe
fields of various chemical syntheses including polymer 20 chemistry and
[ OOpdtide synthesis, as indicating ester groups having any highly acidic
electrowithdrawing group on the alcohol side of ester group, and capable

( Chegyiggflating hidédphiic

YOT(K (" Yoﬁ (s) \WCI ®
O O

Q
YOKN (u) N//(;:\N (v) (w)
! T T
O O o NO,

[ 0051]

Of the carboxylic acid-derivedgroups, the activated ester
group is preferably used by virtue of its excellence in the
reactivity under mld conditions. The mld conditions can be
exenplified by neutral or alkali conditions, specifically
expressed by pH7. 0 or above and 10. 0 or bel ow, nore specifically
pH7. 6 or above and 9.0 or below, and still nore specifically
pHS8. 0.

[ 0052]

The "activated ester group" specified in this
specification is not strictly specified in the definition
t hereof, but thetermis generallyusedasatechnical expression

in the fields of various chem cal syntheses including polymer
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reaction, that is, as indicating highly reactive ester groups. 5 In the field of
peptide synthesis, as described in "Pepuchido Gosei no Kiso to Jikken
(Basics and Experiments of Peptide Sg0thesis)", co-written by Nobuo
IZUMIYA, Tetsuo KATO, Haruhiko AOYAGI, and Michinori WAKI, 1985,
published by Maruzen Co., Ltd., the activated ester process is used as

cherfIB PSR 81 N1 i risrinal faina peid of BEPASEY or g1 oups

n practi is an ester group having an ‘electrow ing group

havi %t@ﬁw?r'%ih?'rﬁi 26 PHPLIEIUD: 1ANG i REHYRIEHIN S %qqg%l@r,gqrhe al cohol

than alkyl ester. The 15 activated ester group has a reacfivity against

si degrefipseigelading rammipo grene, tbighariole and hydroxw group gStiluvoréophi | i ¢
specifically, phenol esters, thiophenol esters, N-hydroxylamine esters,

r eacdyanomethybéstes ,estersi af dheterbeyttic hiydriokyl coegpoundsard s@r gr oups.
forth are known as the 20 activated ester groups having far higher .

I n t Rachiviglad @mpedd nie Fnedesior themked oobu] rad i n " Pepuchi do
explanation herein wjll &j(mad on the case where the activated

Gos elarBifyft a6 békivaikidub R polyARA2SSARIATEEN deof Pepti de
sy nt44RUE £ster grayn. pINIHORNERATOUP s NI EUEIIBTIRR IS Rtar uhi ko

succinimideé group, p group, ornene- carboximide

AOYARd @ fitheahpe 81 i exemgliliedasshe Achyatet 8efas Yrodk W ereto. | Lt d.
p-nitrophenyl group for example is preferably used.

the acti vated ester process is used as one net hod of activating

the C-term nal of amino acid or peptide.

[ 0053]

In practice, it is an ester group having an
el ectrowi t hdrawi ng group on the al cohol side of ester group,
and is activated to a degree | arger than alkyl ester. The
activated ester group has areactivity agai nst groups i ncl udi ng
am no group, thiol group and hydroxyl group. Still nore
specifically, phenol esters, thiophenol esters,

N- hydr oxyl am ne esters, cyanonmethyl ester, esters of

het erocyclic hydroxyl compounds and so forth are known as the
activated ester groups having far higher reactivity as conpar ed
with al kyl esters or the |ike.

[ 0054]

The expl anati on herein will be made on the case where t he
activated carboxylic acid derivative group in the polynmer
substance is the activated ester group. p-Nitrophenyl group,
N- hydr oxysucci ni m de group, succinimde group, phthalimde

group, 5-norbornene-2, 3-di carboxi mde and so forth can be
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0055] For the substrate, on the surface of which the primers will 5 be
immobilized, a further specific example of combination of the first unit and
the second unit may be such that the figst unit, containing a group derived
from a phosphoester composing the hydrophilic section of a phospholipid,
has 2-methacryloyloxyethylphosphoryl choline group, and that the 10

activated ester group_is p-nitraphenyl group, 0056] The polymer .
exenfii VEFed s Pletde bEValictTestiery coun, WhBP el pinitr opheny!

gr oUP2Y E9NtAIR SIRST group, hesides, g iojoup«egved from a phosphoester

composing the hydrophilic 15 section of'a phospholipid and carboxilic
[ 00&®J. The polymer substance may be a copolymer. More specifically, the
polymer substance is preferably a copolymer containing butyl
mdthaictylate udngt This €pndigurdtersmakescteodolmier [sublstanoel mer s wi | |
_appropriately hydrophobic, and ensures a further 20 desirable level of _
be i aseRitilityzsrdne Bollthet Siystanee éd thieCsifierEBf eQubstpatbl nati on of

the SETLISE speccpl e poumeysubionce ey bos PO 98 11 st
ons SRR AT BOIETET Y08 PRSI, cormosi
t he MRYHORMYIiNeRALYIRIE 220 BMAIH B HotaPplyaer phigese

monomers
2-met hacryl oyl oxyet hyl phosphoryl choline group, and that the
activated ester group is p-nitrophenyl group.
[ 0056]

The pol ymer substance used for a coating |layer on the
substrate of this enbodi ment may cont ai n ot her group, besides
t he group derived froma phosphoester conmposi ng the hydrophilic
section of a phospholipid and carboxilic acid. The polynmer
subst ance may be a copolynmer. More specifically, the polymer
substance is preferably a copolymer containing butyl
met hacryl ate group. This configuration makes the pol ymer
substance appropriately hydrophobic, and ensures a further
desirable |l evel of adsorptivity of the pol ymer substance to the
surface of the substrate.

[0057]

More specifically, the polymer substance nmay be a
copolymer of a first monomer having a 2-met hacryl oyl oxyet hyl -
phosphoryl choline (MPC) group, a second monomer having
p-ni trophenyl oxycarbonyl polyethylene glycol methacryl ate

(NPMA) group, and a third monomer having a butyl nmethacryl ate
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poly(MPC-co-BMA-co-NPMA) (PMBN) can schematically be expressed
by the general formula (2) below. [0058] 5 (Chemical Formula 5) CH3
CH3 CH3 401,, CHrc), (CHir*- (2) ~ 22000 p
0CI1'CH20POCH,CH,N4(CH3)3 OCH2CH2CH,CH3 0(CH2CH20)"CO-~Q
NO, O 2 - METHACRYLOYLOXYETHYLPHOSPHORYL BUTYL
ETHACRYLATE P-QIT%%PHEEIY Fﬁ%(_%(gARBONYL CHOLINE (MPC)

BV B S A RABRIEPYCBL. ME AR [T ia) 0059] I
pol fbw@o%d@%b%gwmognﬂ%@)'@éﬁh% ReleNd&al 1y be expressed

independently expresses a positive integer. In the 10 above-descried

by tgeneg fsmala (Bh thalfirat tp 2hirdgeoramers may be copolymerized on
the block basis, or may randomly be copolymerized. 0060] The

[ 00&dplolymer expressed by the above-described general 15 formula (2) is

configured so as to attain more excellent balance of imparting the polymer

( Chegubg@hcd ®ftiEh ApPrbpriate level of hydrophobicity, a performance of
suppressing non-specific adsorption of the template DNA fragment, and a
performance of immobilizing the primers. For this reason, by using 20

s-configured copojy,m&’?it is made possibl }\‘(’o cover the surface of the

—(‘CHz‘g) - ‘#ﬁe% — ¢ CH-C- >
S(pstratg with the poly { 3Hbstance in & mbI=0 o (2)
OCH,CH,OPOCH,CH,NCH,),  OCH,CH,CH,CH, O(CH,CH,0),C0 NO,
O
2 —METHACRYLOYLOXYETHYLPHOSPHORYL BUTYL METHACRYLATE £2— NITROPHENYLOXYCARBONYL
CHOLINE (MPC) (BMA} POLYETHYLENE GLYCOL

METHACRYLATE (NPMA}

[ 0059]

In the above-descri bed general formula (2), each of a, b
and c¢ independently expresses a positive integer. 1In the
above-descried general fornula (2), thefirst tothird monomers
may be copolymerized on the bl ock basis, or may randomy be
copol ymeri zed.

[ 0060]

The copol ymer expressed by the above-descri bed genera
formula (2) isconfiguredsoasto attain nore excell ent bal ance
of imparting the polymer substance with an appropriate |evel
of hydrophobicity, a performance of suppressing non-specific
adsorption of the tenmpl ate DNA fragment, and a performance of
i mobilizing the primers. For this reason, by using
t hus-configured copolymer, it is made possible to cover the
surface of the substrate with the polymer substance in a nmore
exact manner, and to imwpbilize the primers in a nore exact

manner through a coval ent bond to thereby introduce themonto
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exact manner, and to immobilize the primers in a more exact manner
through a covalent bond to thereby introduce them onto 23 the substrate,
while suppressing non-specific adsorpt&$ of the template DNA fragments
onto the substrate having the polymer substance coated thereon. 0061]

5 The copolymer expressed by the above-described general formula (2)

t he %ﬁ!?&;? Pgttaienedww mgig%ﬁrigdi\éig%ﬁl rrﬁegtrﬁ%g%gc?ffl\{l%cagM& %qdl on of t he

according to any publicly-know polymerlzaﬁon, such

t e npASAREICBNRIYPEIFAEON £0bHEoCAIFVRETS HiE COPRIYRIE) Pﬁfﬁ?@' pol ymer

by the above-described 10 general formula (2) is prepared by radical

s ub spayeeyizavet, expluting pelymerization may be proceeded in an inert gas
atmosphere such as AT or the like, under a temperature condition of 30C
[ 00érldbove and 90C or below. 0062] 15 Solvent adopted to the solution
polymerization may appropriately be selected, wherein any one of, or a
plutBIfy P BRIaWIPELIVeKER! iRelaEiflg RitohH§ s@draememaRdli bed gener al

ethanol and isopropano], ethers such as diethyl ether, and chloroform,
f or THLPbb Abed AhehEnRBHD oP BbdMbiTtbh oS0 LA Al gronomer s

or BRSSO ALSREMEDE RS SRR Y DU Ak ngu, et oo
of pIMyAHEIaSe aEedaENKYYHABRICARIBI cal pol ymerization. For the
case where the copolymer expressed by the above-descri bed
general formula (2) is prepared by radical polymerization,
solution polymerization may be proceeded in an inert gas

at mosphere such as Ar or the li ke, under atenperature condition
of 30°C or above and 90°C or bel ow.

[0062]

Sol vent adopted to the solution polymerization may
appropriately be sel ected, wherein any one of, or a plurality
of organic solvents, including alcohols such as methanol,
et hanol and isopropanol, ethers such as diethyl ether, and
chl orof orm may be used i ndependently or i n combination. More
specifically, an 8:2 m xed solvent of diethyl ether and
chl orof orm may be used.

[0063]

Radi cal polymerization initiator used for the radical
pol ymeri zati on may be any of those used generally. Applicable
exanpl es include azo-base initiators such as azobis
(i sobutyronitrile) (AIBN) and azobis (valeronitrile); and

oi | -sol ubl e organic hyperoxides such as | auroyl peroxide,
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25 examples include azo-base initiators such as azobis (isobutyronitrile)
(AIBN) and azobis (valeronitrile); and oil-soluble organic hyperoxides
such as lauroyl peroxide, 24 benzoyl gatoxide, t-butyl peroxy
neodecanoate and t-butyl peroxy pivalate. 0064] Still more specifically,
the polymerization can be 5 proceeded using a mixed solvent of diethyl

benz3)5" Bercplorefarm haying avolumesialio otz and AMBN.dn ApRLBOG ¢
13Y'2 td’ B'hours o 'around: géS] P’ Enlibddiment has dascribad an y
per Ogegerr}ﬁlfa‘%p%steewhere the 10 polymer substgnce has .the third unit
containing a butyl methacrylate group, wherein, assuming now that the
[ ooaymer substance which contains the first unit having a group derived
from a phosphoester composing the hydrophilic section of a phospholipid,
an8tthd $econd enis which icoetaink w, catboxyljpol Syanéd-derdied gnoupaas be
a first polymer substance, the substrate may contain, in addition to this, a
pr oceRERd paf/hitd styEtaned fAick @Bhtatis difiedt Ok nabiRga giddpchl or of or m
. derived from a hosEhoester composing the hﬁdro hilic section of a

havi fgBn8fid BRd"Lthir® Uit which @AY BButyt Bo MethddrylGfe” C for 2 to

6 hog{%p.o(?%gl ‘(gla%grst unit of the first polymer substance and the first unit
of the second polymer substance may have the same structure

[ 0065]

Thi s embodi ment has descri bed an exenpl ary case where t he
pol ymer substance has the third unit containing a butyl
met hacryl ate group, wherein, assum ng now that the polymer
subst ance whi ch contains the first unit having a group derived
from a phosphoester conposing the hydrophilic section of a
phosphol i pid, and the second unit which contains a carboxylic
aci d-derived group as afirst polymer substance, the substrate
may contain, in addition to this, a second polymer substance
whi ch contains a first unit having a group derived from a
phosphoester conposing the hydrophilic section of a
phospholipid, and a third unit which contains a butyl
met hacryl ate group.

[0066]

The first unit of thefirst polymer substance andthe first
uni t of the second pol ymer substance may have t he same structure
or different structures. For the case where the
above-descri bedfirst pol ymer substance containsthethirdunit
whi ch contains a butyl methacrylate group, the third unit of

the first polymer substance and the third unit of the second
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or different structures. For the case where the 25 above-described first
polymer substance contains the third unit which contains a butyl
methacrylate group, the third unit of th25irst polymer substance and the
third unit of the second 25 polymer substance may have the same
structure or different structures. 0067] Thus-configured second polymer

ol YRR AR e AT S GO e 1 e e

st r l&PNQF Corporation) containing 30 mold of phosphoryl choline group
and 70 mold of butyl methacrylate group can be used as this sort of
[ oopatymer. 10 [0068] For the case where the polymer substance is
composed of the above-described first polymer substances and the
seddnds polgmer gubsenhcs ghesedpahmhermeaibstandestraaiclee canfigsred as a
as a mixture. The polymers of the individual polymer substances 15 can
pol ygeedissava ot eXbnfold Rit6 8hiaRdl dbRitioh PREthatl & ride®paiyhen of the

an readgi)ltl\@l)e obtained by mixing the individyal polﬁléner solrxtions. 0069']
t et &ibiite Wadifg e odting R9Er CoMHBRES of tNE P! ymer (T rom NOF

cor A4S BT A RO ARGS9 BITIER S0 G S TESEPIEBLeRl oup and

e obtained by coating a ontaining the polymer substance(s) on

70 e spdecaRfihg suhstraedeymett e group can be used as this sort
of polynmer.
[0068]

For the case where the polymer substance is conposed of
t he above-described first polymer substances and the second
pol ymer substance, these polymer substances may be confi gured
as am xture. The polymers of theindividual polymer substances
can be di ssolved, for exanple, into ethanol solution, so that
a m xed polymer canreadily be obtai ned by m xi ngthe individual
pol ymer sol utions.
[0069]

The substrate having a coating |ayer conposed of the
above-descri bed polynmer substance(s) formed on the surface
t hereof can be obtained by coating a |liquid containing the
pol ymer substance(s) onto the surface of the substrate formed
in a predeterm ned geometry, and by drying the liquid. It is
also allowable to dip the substrate into a |Iiquid containing
the polymer substance(s), and then to dry the [|i quid.
[0070]
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in a predetermined geometry, and by drying the liquid. It is also allowable
to dip the substrate into a liquid containing 25 the polymer substance(s),
and then to dry the liquid. [0070] 26 Addgption of a plastic material as the
substrate is preferable in view of ensuring flexibility to alteration in the
geometry and size, and provision at lower cost as compared with the

9'%80%?%‘5‘6?-&5”%3' PA & plastigmatena) Sé%‘se”{‘%%'““&t%%‘? Bre is

adoptable'in view of I ease in the “surface treatment an

pr efr@ﬁ%SPH’eriUﬁiWitBé\QQYfl]eﬁ\%ﬁ‘ﬁit quééétiﬁi“?si"bgh%)%?_&[“ﬂt@?ga?'?l)bﬁ inthe

small energy of fluorescence are adoptable. Use of the resin emitting 10

geon®ly § saredl @nez@y, ohfiuprpscance camleyen thadpckyound Jevelripieed wi t h
reaction for detecting the DNA chains, so that the detection sensitivity can

t he fgitherbesmprived.tlénearAhainhpslydefins sath ps pslyethylemd and al |
polypropylene; cyclic polyolefins; fluorocarbon resins and so forth can be

t herygeBladsibitke fR$MBplasti@antiadlig theleNdrgVoPludréfiehcease in the
emission. Of these resins, saturated cyclic éolﬁolefin is especially

S

sur f agendnk fAhSRRLt rBNGaRBS SREHIRGU fIsRYAnCE Yiow fluorescence

[ fsion, transparency and moldability, suitable for optical analysis, and
preterably used 20 as a material composing the substrate. 0072] The

sajgated gylicomg|siia Sered meansa saiEded emitting only a smal
energy of fluorescence are adoptable. Use of theresinemtting
only a small energy of fluorescence can | ower the background
|l evel in the reaction for detecting the DNA chains, so that the
detection sensitivity can further be inmproved. Linear chain
pol yol efins such as polyethyl ene and pol ypropyl ene; cyclic
pol yol efins; fluorocarbon resins and so forth can be used as
the thernoplastic resin less in the energy of fluorescence
em ssion. Of these resins, saturated cyclic polyolefinis
especially excellent in the heat resistance, chem cal
resi stance, |low fluorescence em ssion, transparency and
nol dability, suitablefor optical analysis, and preferably used
as a material conposing the substrate.
[0072]

The saturated cyclic polyolefin herein means a saturated
pol ymer obt ai ned by hydrogen addition of a homopol ymer havi ng
a cyclic olefin structure, or a copolymer of cyclic olefin and
a-olefin. The former is exenplified by saturated polymers
manuf act ured by ri ng- openi ng pol ymeri zati on of norbornene- base

monomers represented by norbornene, dicyclopentadi ene and
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polymer obtained by hydrogen addition of a homopolymer having a cyclic
olefin structure, or a copolymer of cyclic olefin and 25 a-olefin. The former
is exemplified by saturated polymers r@&nufactured by ring-opening
polymerization of norbornene-base monomers represented by
norbornene, dicyclopentadiene and 27 tetracyclododecene, and

et (YR EIISELRIORC diorent a1 RS The lee GRS B cor , 1 or

n
ymer manufactured By hydrogen a n of random

exa nﬂ?@'.ymefﬁ af pAlefigSUEl g3 piiene Ropylans: (FORIOPYERSI v mer

utene, 5 3-methyl-I-butene, 1-pentene, 3-methyl-I-pentene, 1-hexene
ma.n vdnglck-actere, ipd gyelic oipin-bage monemen fThe gap@YIMen{$ol ymer s of
preferably those containing ethylene. These resins may be used
o- ol indeperslenthy,as nedyhtyd copelynpar@p ylixdore, ofitwo pr omoré gpecied - but ene,
thereof. It is also allowable to use not only 10 saturated cyclic polyolefins
3- megdixihatle by tigdqL8penind® PBk/MRAzatdNBE FdnbmérsiiingHesycilc hexene

olefin structure, but also ? saturated_cyclic polyolefin obtainable b

and JyfifoheHGymaiAsy 6f thén é’r&'hﬁx?ihé‘_ﬁf‘cy&}&fbﬁ’é’fﬁfgtwcﬁg copol ymer
i s p?%@?d?aﬂf‘r‘f/ SPR%?E’&@HE’%F%‘? f E‘Pﬁ' 'B.%t&”a'.‘ﬂ‘%aé%'”g 8¢ s may be
-aesc u the s

above bed polymer substance i rficial portion” thereof, can

us e d?8 pRIIpe%H B¥ RPALYNT adiauidGPnEiNiRG Kis pehePeLIubsiapee, Pl?todlﬂe two or

surface of the substrate formed in a predetermined geometry, and by
mor edrgipe gheeliguich Bisaso 20jallowable tos@ip &e subatsate into adigeidnot onl y

containing the polymer substance(s), and then to dry.

saturated cyclic polyolefins obtainable by ring-opening
pol ymeri zation of monomers having a cyclic olefin structure,
but al so a saturated cyclic polyolefin obtainable by addition
pol ymeri zation of monomers having a cyclic olefin structure.
[0073]

The substrate, composed of a plastic material containing
t he above-descri bed pol ymer substance in the surficial portion
t hereof, can be obtained by coating a |liquid containing the
pol ymer substance onto the surface of the substrate formed in
a predeterm ned geonetry, and by drying the liquid. 1t is also
all owable to dip the substrate into a liquid containing the
pol ymer substance(s), and then to dry.
[0074]

When plastic is selected as a material conposing the
substrate, the geonmetry of the substrateisnot limtedtoplate,

but may be fil mor sheet, for example. More specifically, the

substrate may be a flexible plastic film The substrate may be
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0074] When plastic is selected as a material composing the substrate,
the geometry of the substrate is not limited to plate, 25 but may be film or
sheet, for example. More specifically, tB8 substrate may be a flexible
plastic film. The substrate may be 28 configured by a single component,
or by a plurality of components. 0075] Next paragraphs will explain a

meth f immabilizing the 5 primers onto the ur[ft e of the trate.
cont LU S d B s pidLe R EREIR2] ottd e Bt drine ©f
c onp%Wétﬁ‘"t‘t@a by allowing at least a part of activated ester groups, out of a
plurality of activated ester groups contained in the polymer substance on
[ 0othg]substrate, to 10 react with the primers so as to form covalent bonds, to
thereby immobilize the primers onto the surface of the substrate, and
thd\ek} theaprangera pars beiilnmabilizkd bntatheesunfade @f thersobstiatei ng t he
by inactivating the activated ester groups on the surface of the substrate,
pri n&hér tRAH Mobd Bavinyg the peimefs 1enrsetiEel #efeon, that is, by

inactivating the residual activated ester groups. Paragraphs below will
exbiln FEARRBual frocidietlba. BBYE (hanibe PRI hipaed onto t he

sur SEESEE B URTSPRL €0 TOTELE A A OgEr ool o
acti%ated ester groups, out of a plurality of activated ester
groups contained in the polymer substance on the substrate, to
react with the primers so as to formcoval ent bonds, to t hereby
i mobilize the primers onto the surface of the substrate, and
then (ii) the primers can be imobilized onto the surface of
t he substrate by i nactivating the activated ester groups on the
surface of the substrate, other than those having the primers
I mobilized thereon, that is, by inactivating the residua
activated ester groups. Paragraphs below will explain the

i ndi vi dual process steps.

[0076]

When the primers to be annealed with the templ ate DNA
fragments are i mobilized onto the substrate in the
above-descri bed process step (i), it is preferable to adopt a
met hod of spotting a liquid containing the primers dissolved
or dispersed therein. A part of the activated ester groups
contained in the polymer substance react with the primers, so
as to form coval ent bonds with the primers.

[0077]
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method of spotting a liquid containing the primers dissolved or dispersed
therein. A part of the activated ester groups contained in the polymer
substance react with the primers, so 28%s to form covalent bonds with
the primers. [0077] 29 The liquid containing the primers dissolved or
dispersed therein may be typically neutral to alkali, typically expressed by

PHA6.0f gty 000l 5 Afor e SRQAD: (16 SUPIAIS RY 06 W3SNETs per s

witn pure er or butfer solution, so as'to remove the primers not

t her BYMPhiZRGeNQ e sHIfRGE ANE SHPSYYea PRAT] ASP?EBW'& NPe expressed

above-described process step (ii), after 10 the washing, the activated
by pasters oo theagiiage of the plastic substrate, remained as having no
primers immobilized thereon, are inactivated using an alkali compound or
[ 00& 8dmpound having a primary amino group. 0080] 15 Applicable
examples of the alkali compound include sodium hydroxide, potassium
hy@fokeie, 56@uEPQIbdnats, sobiRing HY8fdgah affonadie digsdigd Wit h pure

hydroge sphate, calcium hydroxide, magnesium hydroxide, sodium
wat 6oy R hy ROl ARTpo GRS phoh SE046 (J0RE) AL HEET S not

i mrotRMROLAES BRI R AMNRUOWR 3PRIC b st r at e
[0079]

As shown in the above-descri bed process step (ii), after
t he washing, the activated esters on the surface of the plastic
substrate, remai ned as having no primers i mmobilized thereon,
are inactivated using an al kali conmpound or a compound havi ng
a primary am no group.

[0080]

Appl i cabl e exampl es of the al kali compound i ncl ude sodi um
hydr oxi de, potassium hydroxi de, sodium carbonate, sodi um
hydrogen carbonate, disodium hydrogen phosphate, cal cium
hydr oxi de, magnesi um hydroxi de, sodi um borate, |ithium
hydr oxi de and potassium phosphate.

[0081]

As the compounds having primary am no group, applicable
exampl es include glycine, 9-am no aquazi ne, am nobutanol,
4-am nobutylic acid, am nocaprylic acid, am noethanol,
5-am no- 2, 3-di hydro-1, 4- pentanol, am noet hanet hi ol
hydrochl ori de, am noet hanet hi ol sul fate,
2-(2-am noet hyl am no) et hanol, 2-am noet hyl di hydrogen

phosphate, hydrogen am noethyl sulfate,
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examples include glycine, 9-amino aquazine, aminobutanol,
4-aminobutylic acid, aminocaprylic acid, aminoethanol,
5-amino-2,3-dihydro-1,4-pentanol, amiB@ethanethiol 25 hydrochloride,
aminoethanethiol sulfate, 2-(2-aminoethylamino)ethanol, 2-aminoethyl
dihydrogen phosphate, hydrogen aminoethyl sulfate, 30

a- (2 GRTBEPRTABIIne FRidugeeseit Gamiegraoe acid

aminohexy aminohippuric acid,

6- am-ATHOsGRWlrexynsty!-l. 3propanedigh Ssamipgisgrihalis agith noni ppuri ¢

aminomethane, aminophenol, 5 2-amindoctane, 2-aminooctanoic acid,

aci dl-amingrd-pepPandly gragyiyarepepancl, Bapinepwnens. ol |
3-aminopropionitrile, aminopyridine, 11-aminoundecanoic acid,

5- anamiaosadipylichagid, andcoqinotine, Aeareinbphtiealomimienophenol ,
3-aminophthalimide, p-aminopropiophenone, aminophenylacetic acid,

2- ameRrarAifBnaphtbidne0Of thase i siRsdtfanol amd)@narer opanol ,

3 arTgreferably used. [0082] It is preferable that the primers to be immobilized

8t BihattHave dn AMRPHOOR BREminrRThiRiePLEN LT L e,
an nt8§5ﬁ§'} i fae Pyrpose, of LONARANG IRACTVITY With the, gefivated PXic acid,

gr Because amino group Is excellent in” reactivity with the activat

ami riYE[9RHA, ALOPRN Bfheo BHDHAIAY RGN aNYINO GLONRYIMHOGHERRI | mi de,

therein allows efficient and tight immobilization of the primers onto the
p- ansuifepe ebthe 2A sHbstte. die Pepiien 9f iatteduictomefiaminagpup

may be
am nonapht hal ene. Of these, am noethanol and glycine are
preferably used.
[0082]

It is preferable that the primers to be i mmobilized onto
the substrate have an am no group prelimnarily introduced
therein, for the purpose of enhancing reactivity with the
activated ester group. Because am no group is excellent in
reactivity with the activated ester group, adoption of the
pri mer havi ng an am no group i ntroducedthereinallowsefficient
and tight i mmobilization of the primers onto the surface of the
substrate. The position of introduction of am no group may be
at the termnal of the nol ecular chain or in the side chain,
wherein i ntroduction at the term nal of the mol ecular chainis
preferable, in viewof allowi ng nore efficient annealing with
compl ementary tenmpl ate DNA fragnents.

[ 0083]
By the above-descri bed processes, a mcroarray for DNA

chain el ongation which includes a substrate having on the
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at the terminal of the molecular chain or in the side chain, wherein
introduction at the terminal of the molecular chain is preferable, in view of
allowing more efficient annealing with 8@mplementary template DNA
fragments. 25 [0083] By the above-described processes, a microarray for
DNA chain elongation which includes a substrate having on the 31

sur rHEECEISTERA NS PGB MG SRR (LK [EI9 By o1 uni

gréup derived from oester composing yﬁrop fiic S&cfion o

havihBNesPRPIpif 2Re AiSgeRnd Yruthaying nd SYRBBVAIE 8FIdUSHYRISITREP t he

configured by an 5 electron-attractive substitutive group bound to a

hy drespianyl grews ©nd prigiers foh Balprapliicationninunabiigedantothet havi ng
surface of the substrate, that is, the DNA microarray 10 having the primer

a cardionnydhilized on thedsuriace df the sulpstiateni2 gushednbry FER 2, can
be obtained. 10 [0084] Referring now back to FIG. 1, in step S20, a

el ecdanfhle &bhtamilg teMpREPBNALIMgMERtsA6OPDRA EALintefriyacH, bony|
to be annealed with th grimers 14 immobilized anto the surf
A

C(? of thg
97 0GB 7 TR ENAOIGOTAT) Gtkied inHep TE8Eb]dr7 o0 ont o tne
sur FSRAMS SYSIONA ghain glgqtian, ang pucisgidc, MPRAPEISVS1 0 havi ng

introduced. It'isto be noted that similar operations and effects can

t he grﬁtai%q if iomplAtesHYA fragmenys argaiseq inpirce Qfthg RNAsubstrate 12

agments, as templatesused for DNA amplification.
a shown in FIG 2, can be obtained.

[ 0084]

Referring now back to FIG 1, in step S20, a sanple
containing tenplate DNA fragments 16 for DNA chain el ongati on,
to be annealed with the primers 14 i mobilized onto the surface
of the substrate 12 of the DNA m croarray 10 obtained in step
S10, an enzyme systemr for DNA chain el ogation, and nucl eoti de
monomers, is introduced. It is to be noted that simlar
operations and effects can be obtainedif tenmplate RNAfragnents
are used in place of the DNA fragnents, as tenpl atesused for
DNA anplification.

[ 0085]

As thereactionsystemconposed of t hus-introduced sanpl e
an VPEC buf f er cont ai ni ng nucl eoti de monomers (dATP, dCTP, dGTP,
dTTP, etc.) under the presence of either of DNA pol ymerase or
DNA | i gase as the enzyme system for DNA chain el ongation, for
the case where DNA fragments are used as t he t empl at es and under
the presence of either of reverse transcriptase, or a

combi nati on of DNA |igase and reverse transcriptase as the
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20 [0085] As the reaction system composed of thus-introduced sample,
an MPEC buffer containing nucleotide monomers (dATP, dCTP, dGTP,
dTTP, etc.) under the presence of eith&2f DNA polymerase or DNA
ligase as the enzyme system for DNA chain elongation, for 25 the case
where DNA fragments are used as the templates and under the presence

enz y S USOUIEYFSE UARCIESe, oL AorAIITalion 'DINVA IG8se.l e o RNA

reverse transcriptase as the 32 enzyme System ain elongation,

f r adfEeSass whereiNA Jragmenisar Hagdas the templates 0086]
Among the DNA polymerases, TagDNA polymerase, TthDNA 5

[ 0o®ymerase, PfuDNA polymer ase and so forth, which are particular DNA

polymerases derived from heat-resistant bacteria, are applicable. [0087]
At feasnhond $pecieBAf thel nuolenideesmondmerBfayte §onabaked, FArt h DNA
example, by using Cy3-dUTP having a fluorescence label at 3-position of

pol ViRE baseof BT vPNA the nveestree Aobmers ahé TyMUTh ighimsdadt | cul ar
at positions on the elongation éprimer side corresponded to adenine (A

DNA iR ¢heY E@ﬁﬂét%%l\?’/?fré%{rﬁé’nt Bt e‘p%ce"sg,stﬁé bR R {5 are

appl 9@%%‘]8 from the primers, which undergo the elongation reaction, are
dyed with fluorescence of Cy3-dUTP, and the DNA fragments become

[ OO@e;t?ctable. 0088]

At | east one species of the nucleotide monomers may be
| abel ed. For exanple, by using Cy3-dUTP having a fl uorescence
| abel at 3-position of the base of dTTP as the nucl eotide
nononmers, the Cy3-dUTP is inserted at positions on the
el ongation (primer) side corresponded to adenine (A) in the
tenmpl ate DNA fragments. By this process, the DNA fragnents
produced fromt he primers, whi chundergotheelongationreaction,
are dyed with fluorescence of Cy3-dUTP, and the DNA fragments
become detectabl e.

[ 0088]

It is also all owable to | abel other nucl eotide monomers,
or to |l abel a plurality of species of the nucl eotide nonomers.
Besi des introduction of the fluorescent substance, the DNA
chai ns can be detected al so by i ntroducti on of phot o-absorbi ng
subst ances, met hods of radi oactivel abel i ng (P3*?- ATP, P32-dATP),
non-radi oactive | abeling such as enzymatic | abeling and so
forth.

[ 0089]
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It is also allowable to label other nucleotide monomers, 20 or to label a
plurality of species of the nucleotide monomers. Besides introduction of
the fluorescent substance, the DNA cl88ns can be detected also by
introduction of photo-absorbing substances, methods of radioactive
labeling (P32-ATP, P32-dATP), non-radioactive labeling such as

enpymel shele A So 28 ork 008S] 33 ey metion of Rl oct e

labelin can be Ing the primérs-using

by ePiglingeundgor digoxiganin: (RIG; stereidalnatyral RsedHel: Payind di goxi geni n
nucleic acid gor example, biotin-dUTP, DIG-dUTP), treating them witha 5

( DI dluosaseendedabeled alisalaphgspaaiase §r-withualkalinplosphataseiamd( f or
allowing them to react with nitroblue tetrazolium (NBT) in a

ex anpbemadi4-chloro-3Hi@Blyl fhoSplidid RBCIR)rsealtion fortsbesraMidubs. a
0090] 10 In step S30, temperature of the reaction system having the .

f I uodpsfiemerBdlctBehadinad Kialdted 9 fPiha kiRsMaP Uniididy al kal i

temperature of the DNA chains (melting temperature: Tm) or ahove,
PNOSTRBLEA o 808 B bhO ey e (R ) DLfoRTHT (Y baiid BRA! Ue

tet r}quaﬁeﬁgmfOf%dgtrggtﬁl;eoJr?D\/_vlli_cl& i’?l f%?r@d_ig_ i,ndol Qraigﬁtos phat e

-com y chain"and the primers are  streiched to give

( BCI 97918 8Fdsol09Hr Nexd e $teP SHEthg temperature of the reaction
system
[ 0090]

Instep S30, temperature of the reacti on systemhavi ng the
sanpl e introduced therein is elevated up to the ther mal
unf ol di ng temperature of the DNA chains (melting tenmperature:
Tm) or above, typically up to 90°C to 95°C. By the thermal
unf ol di ng, the tenpl ate DNA fragments having a fol ded structure
whi ch i s found i n auto-conpl ementary chain and the prinmers are
stretched to give straight single strands.

[0091]

Next in step S40, the tenperature of the reacti on system
isloweredtothe tenperature wherethe primers andthetenplate
DNA fragnments are anneal ed (annealing tenmperature), typically
down to 4°C to 65°C, and preferably down to 50°C to 65°C. By
t he annealing, the primers having a sequence conpl ementary to
a part of the template DNA fragnments and such tenpl ate DNA
fragments form double strands (FI G 3). The reaction system

isdirectly brought intostep S50, without carryi ng out washi ng.

[0092]
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is lowered to the temperature where the primers and the template 20 DNA
fragments are annealed (annealing temperature), typically down to 4C to
65C, and preferably down to 50C to 6584 By the annealing, the primers
having a sequence complementary to a part of the template DNA
fragments and such template DNA fragments form double strands (FIG.

3). Th? fea tlgn ste b%) Eﬁ,dlrﬁcél rpr%u hém%ﬁig;b 505r0 aW Su11“ POQaPrOCGSS

carrylng OU WaS ISS age | een necessary

in tWQSE'@H\Pé‘?ﬁeﬁ%H‘alhe;froaﬁeég'gnﬁbp'ioéﬁﬁﬁ/t@ "EHPVSNAY PHGment s (or RNA

fragments (or RNA fragments) failed in forming the double strands after

f r agthe nangipalingi andbefaie ther erongatiom ecagterb Mesas s &af t er t he
embodiment, there are no DNA fragments (or RNA fragments)

anne@dn-spg céicallyoadsorbed dreo eHeosupatrate namdthist swpposetiigad@ssi n t hi s

the enzymatic reaction relevant to the DNA chain elongation to proceed in
enmb ogH eRdlént nidHRER afl endkes Shingad FRNYubstrate nBMNfbrér agment s)

he hybridijzati dth i ion have bee
10N Sl Sty 0 AL Bt Ra R S A 3Bckebi S
supr SR dpoe gideral bybidization auashing ancIgRaRP™ o the DA
er dition of an enzyme and monomers, whereas i

chai W‘E‘P‘BW%‘&% itmhyRyidizagier apd the alAngationdeasipncaRRer . and makes

proceeded 15 in the same liquid phase, in other words, the reaction
was hsystgno fcarmlee siags withaué nasifieatienn@Rasd dJa siep SShéhéybri di zati on

temperature of the reaction system in

and the elongation reaction have been proceeded in separate
i qui d phases, such that the individual processes are carried
out inthe order of hybridi zati on, washi ng, and el ongati on under
addi ti on of an enzyme and nonomers, whereas inthis enbodi nent,
t he hybri di zati on and t he el ongati on reacti on can be proceeded
in the same |iquid phase, in other words, the reaction system
can be used w thout nodification.

[ 0093]

In step S50, the tenmperature of the reaction systemin
whi ch the annealing was conpleted is controlled so as to
gradually elevate from the annealing tenperature up to the
t hermal unfol dingtenperature. |nother words, thetenmperature
of the reaction systemis controlled as being adjusted to a
predom nent tenmperature between the annealing tenperature and
the thermal unfol ding temperature, typically at 65°Cto 75°C.
By controlling the temperature of the reaction systemin this

way, the el ongation reaction of the DNA chai ns based on t he MPEC

process can proceed, that is, the DNA fragments conmpl ement ary
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which the annealing was completed is controlled so as to 20 gradually
elevate from the annealing temperature up to the thermal unfolding
temperature. In other words, the tempe3&ture of the reaction system is
controlled as being adjusted to a predominent temperature between the
annealing temperature and the thermal unfolding temperature, typically at

to 13 cTRE 2P BYSARIPIIG Ihg omParauls of 16 SACioR R s ¢ at e

{
IS way, the elongation reaction of the chains baséed on the

so d¥0SGA) LIAsEEdIAS, s BNAIGRIMEN(S, cogplementary 35 to

the template DNA fragments 16 are formed on the substrate so as to give
[ 00dayble-strand DNA (FIG. 4). 0094] Although the exemplary case shown
herein was such as using 5 a heat resistant DNA polymerase with respect
to Hlettbimpiaie DINA éragmphts| theta Bans bpawalHeri@ationwasheuch as usi ng
enzyme so far it is capable of synthesizing new DNA chain using the DNA
a he@Hairlsessi thé BmiplRAE Rvhpldesftieh WNApIRRSaSse incRideheottiempl at e

NA polymerase (Escherichia coli DNA palymerase |, Klenow 10
DNA ﬁé&rﬂp NdE ), t&bé‘-é‘bmﬁ poRymidtase @gNA'pBTyFn%Hs%rBeQiQeB hEo@nzyme so

' . lyr , |
Far B R s h o OUR LB el  he DNA
chai (PNADQYBeasgleseibed IBMARIZAL4A). ORSBIDNRAIA YRS ds e i ncl ude

DNA ligase, in place of the DNA polymerase, allows the DNA chain

Pol -elopgmtipiorepaianate @roerash and dherafere lailonmahp ANAghaise |, Kl enow
amplification to take place.
fragment, etc.), type- o DNA pol ymerase ( DNA pol ymer ase deri ved
fromPyrococcus fri osus, VENT DNA pol ymer ase, KOD DNA pol ymer ase,
and DEEP VENT DNA pol ymer ase) and non- a- non- Pol -1 DNA pol ymer ase
(DNA pol ymerase described in WO97/24444) .
[ 0095]

Al so use of a DNA ligase, in place of the DNA pol ymer ase,
all ows the DNA chain elongation reaction to proceed, and
therefore allows the DNA chain amplification to take place.

[0096]

For the case where the tenplate RNA fragments are used,
t he DNA chai ns can be el ongated on the primer side, by allow ng
the primers on the substrate to directly act on the tenpl ate
RNA fragnments, and by using a reverse transcriptase. The DNA
chain can be el ongated on the primer side, also by allowi ng a
reverse transcriptase to act on the tenplate RNA fragments so
as to once synt hesi ze t he cDNA (compl ementary DNA) (first chain
synt hesis), and then by all owi ng the DNA pol ymerase or the DNA

| i gase to act thereon.
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[0096] For the case where the template RNA fragments are used, 20 the
DNA chains can be elongated on the primer side, by allowing the primers
on the substrate to directly act on the t&@plate RNA fragments, and by
using a reverse transcriptase. The DNA chain can be elongated on the
primer side, also by allowing a reverse transcriptase to act on the

[ Ooﬁﬂglate RNA fragments so 25 as to once synthesize the cDNA
complementary DNA) (first chain synthesis), and then by allowing the

Ditge PRYMPIRgE 96 iR 1agsefaactiherpen. s36. Q0BG (RETQTHRO r eact i on

now back to FIG. 1, in step 560, the reaction system after the elongation

sy s treactipntie mainkained ke theymal enfelding termperawimefdhe PilAat t he
chain, typically at 5 90C to 95C. By the thermal unfolding, the template

t herDWA fuagnodnds D) ateermipased fuore thd doubde-SidcEA on theypi cal |y at
surface of the substrate (FIG. 4), to thereby leave the single-strand DNA

90° Grdnehes’ 18 (FIBY 5%. beod|hed W‘Pslteplfﬂ';/(}? Wiheth@r thelRode88BhANE DNA

advance to the next elongation reaction or not is judged. The judgment
fF aOB aS oL RAIE, BB BaLel AT o SLBBL e At CBNA on t he

cur 552 SRS ENE o, SR U0 8 STIISE, SR s e
si nginee based i rarsralogmiidomens Q0P ) .
[0098]

Instep S70, whet her the process shoul d advance to t he next
el ongation reaction or not is judged. The judgment nmay
automatically be made based on whether a specified nunber of
times of repetition of the reaction, set by using atenperature
regul ator (thernmo-cycler) or the |like, was reached or not, or
may be made every time based on the operator's judgment.

[0099]

If theresult of judgment was YES, that i s, whenthe process
was judged to advance to the next elongation reaction, the
process returns back to step S40, wherein the annealing (step
S40), el ongationreaction (step S50) andt hermal unfol di ng (step
S60) are repeated so as to proceed the DNA el ongation reaction
using the unreacted prinmers. By repeating this cycle 1 to 50
times, the DNA chains are anplified on the substrate based on
t he MPEC process.

[0100]
If the result of judgment in step S70 was NO, that i s, when

t he process was not judged to advance to the next el ongation
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If the result of judgment was YES, that is, when the process was judged
to advance to the next elongation reaction, the process returns back to
step S40, wherein the annealing (step 3@ S40), elongation reaction (step
S50) and thermal unfolding (step S60) are repeated so as to proceed the
DNA elongation reaction using the unreacted primers. By repeating this

r eac%yd l to 5E ImF%’ég%zﬁsN@?%rg ?s%ar% fam It N %ﬁépgﬁtﬁ'ﬂg Serde action

rocess the Tesult of judgment’in Step

sol u"t'@o‘ﬁ"ﬁ@ WheR Lhg BEPCesh WasSHO! daeHie AEwAIC] jo the W%?ghed using,

elongation 37 reaction, the process goes to step 580, wherein the

f or eseshpn solEion is discagpd, aad thei WA pigraairay is washat usiagpr ocess.
for example, a 0 .1 wt-06 SDS solution, so as to finish the process. 0101]

[ 019 Ebr the DNA chain amplification, it is preferable to provide a plurality of
spots within a certain section, wherein each of the spots having the

prifrfefs Mﬁoﬂmﬂéd @feaétd, sumab td fofd b rRiBroarhy.IA0PY ehghabl e to

length of the ers for ENA ampllflcatl to be immohilized ontq the
provd 52 cHt b's{ré{te an BPdut?aHW dét@rrﬁ%& AbPersditd bPN. wherein

cactPEPOTF S ARPLCAHRNT B0 D HIPHPE eIRIBBIF 2 HRer et o, so
as to forma mcroarray.
[0102]

The Il ength of the primers for DNA amplification, to be
i mobilized onto the surface of the substrate, can arbitrarily
be determ ned dependi ng on purposes and applications, and can
typically be determ ned as 5 to 50 bases.

[0103]
(Second Embodi ment)

FIG 6 is a flowchart show ng procedures of a method of
el ongati ng DNA chains as a second enbodiment. In FIG 6, any
procedures simlar to those shown in FIG 1 will be given with
the same reference nunmerals, so as to avoid repetitive
expl anati on.

[0104]

The met hod of el ongati ng DNAchai nsis suchasimobilizing
primers for DNA elongation (sinmply referred to as "primers",
herei nafter) onto a substrate having on the surface thereof a
pol ymer substance which contains a first unit having a group
derived froma phosphoester composi ng the hydrophilic section

of a phospholipid, and a second unit having a carboxylic
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FIG. 6 is a flow chart showing procedures of a method of elongating DNA
chains as a second embodiment. In FIG. 6, any procedures similar to
those shown in FIG. 1 will be given witB8&he same reference numerals, so
as to avoid repetitive 20 explanation. 0104] The method of elongating
DNA chains is such as immobilizing primers for DNA elongation (simply

SRS RO R CN IR R G RB ST

surface there ymer stance contains a tirs

subs? BfO4P id%Vﬁ‘P' gap B&UHQP?Q?%%QPB‘BHWQ%P% DYA[OPNER SeEB9N heat i ng

of a phospholipid, and a second unit having a carboxylic 38 acid-derived

a r e gupEAndigened yhaivelagrowithdsawioe culistiugve gsogp hpung &oat ai ni ng
carbonyl group (step S10); heating a reaction system having introduced

t empthartetn BISAnpla gortainmg templaped BNA RigensomerhsateaRNAg desi r ed
fragments having desired 5 sequences, an enzyme system for DNA chain

sequakdasion and StigkERdeSYishdRer Aip tBMAembalafure camnesf | on and

thermal unfolding of the DNA chains (Ete S30); cooling the reaction
nucl ERthAGoIP R Bhperdifte f6 fAnbSIMRRERD $46); SAY SdiBdingher Ml

unf o?l%r{"gt? .Fsﬁsic%n; BNRG (?; al ssrlobpéocggeir! 1%81 IrF"ﬁgdtigphe reaction

syste wherein all of these processes 'are allowe

o e e, AR TS0 e
al | oWNA ghainetaypgaiiam ta kerannesdedof t he DNA chains to proceed in
the reaction system(step S50); wherein all of these processes
are allowed to proceed in the same |iquid phase system
[0105]

As describedinthe above, instep S20, a sampl e cont ai ni ng
tenpl at e DNA f ragment s f or DNA chai n el ongati on, to be anneal ed
withthe primersimmobilizedontothe surface of the substarate,
and nucl eoti de mononers, is introduced, wherein the sanpl e and
the reacti on system having the sanmple introduced therein may
be same as those described in the above.

[0106]

After the el ongation reaction in step S50, the reaction
solution is discarded, and the DNA m croarray i s washed usi ng,
for exanple, a0.1 wt%SDS sol ution, soastofinishthe process

[0107]

Exempl ary applications of the method of elongati ng DNA

chains of this enmbodi ment will be explained bel ow.
[0108]

(SNP Anal ysi s)
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15 with the primers immobilized onto the surface of the substarate, and
nucleotide monomers, is introduced, wherein the sample and the reaction
system having the sample introduced tB8rein may be same as those
described in the above. 0106] 20 After the elongation reaction in step
550, the reaction solution is discarded, and the DNA microarray is

wostE g, B SR A0 IR RRR gon g RIS once

process xemplary app e metHod ongating

cont4a $ains &f tisembqdipentwilkbe explained kefow. [HLO8L(INRi ned t ar get

Analysis) 39 Assuming a sequence complementary to a base sequence

geneContaining a epdracteristicragrdense of aredetermirsrpargatiggre 8s @an be
completely-matched sequence, SNP analysis can be carried out by using

car rprinters bavihy a seguence obtares by dweplgciag sre basecef tiodt ai ned by
completely-matched sequence with other base. Each primer preferably

repl @& Ny dP 2s daskd dreshofer. pledy Mo sAteficfg us B Wip h ot her

DNA fragments each having 10 a characteristic sequence of a target
02 Cgend ol b PR I RCY Ao EOd B 1 i B 6S ©f

s hortp%;urface of the substrate. In this process, a 384-well (256 spots/well)
or 96-well (1024 spots/well) microarray is used, and the

[0109]

More specifically, instep S10, DNA fragments each havi ng
a characteristic sequence of a target gene with only one
m smat ched base are i mobilized as the primers onto the surface
of the substrate. Inthis process, a 384-well (256 spots/well)
or 96-well (1024 spots/well) mcroarray is used, and the
sequences of the primers imobilized in the individual spots
are menorized. The sample is introduced in step S20, while
usi ng t he DNA chai ns containing the characteristic sequence as
the tenmplate DNA fragments, the thermal unfolding is carried
out in step S30, and annealing is proceeded in step S40. 1In
step S50, the elongation reaction proceeds only on the primers
existing in a form of double strand having the tenpl ate DNA
chai ns anneal ed therewith.
[0110]

As descri bed in the above, by prelimnarily incorporating
t he | abel ed nucl eoti de monomers intothe sanpletobeintroduced
instep S20, the DNA fragments obtained fromthe primers by the
el ogation reaction are | abeled, the spots containing the

fluorescent DNA fragments remai ned on the substrate after the
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sequences of the primers immobilized in the individual spots 15 are
memorized. The sample is introduced in step 520, while using the DNA
chains containing the characteristic sedence as the template DNA
fragments, the thermal unfolding is carried out in step 530, and annealing
is proceeded in step 540. In step 550, the elongation reaction proceeds

wass HIGOR JpETS20 isiingn (T 91 GRUDlepBR haYIRA e, g yences of

emplate D Ae chains annealed therewi 10] As des

t he FOVRYPElBRIY inFaporading HBe poeled negleatifs moRAmeEBe known,
into the sample to be introduced 25 in step S20, the DNA fragments

b e c aeki@inedhkons éhpuprineers by the Blogptiamieastionrai® Isibeled ethe spotshe
containing the fluorescent DNA fragments remained on the substrate

I ndi afted theel 40avaslying ar stepr85®H carz leal detekctedt thesebyalye sdduendess e
of the primers immobilized to the detected spots can be known, because .

sequpB ceguBhcES Bf fHd Prih S CihedbNZddtd e b RIG a8y dren react i on
memorized. In this way, the base 5 sequences of the primers causin )

can B2 s8R e ofhalibn 18aci Chl b8 KBHR, PRAS I HErbRraildeze si ngl e

ossible to ingl cleotide pal rphism with res t
nue T R YD B Sl SRt B el Ee oNA

fr agt(ﬁfeﬂﬁ @%‘@n%%[_cl}l%gg]g (BRE Analysin) Base sequenciyybligeatieR t ar get

SBH) analysis wi
gene.

[0111]
(SBH Anal ysi s)

Base sequenci ng by hyblidization (SBH) analysis will be
accessi bl e by preparing a conplete set of primers each having
a sequence of a predeterm ned nunber of bases, 6 to 10 mer for
exampl e and preferably 8 mer, is obtained, which accounts for
48=65536 speci es when 8-mer primers are used, and by
i mmobilizing each of the individual primersinto a single spot.

[0112]

Mor e specifically, theindividual primers areimuobilized
into the individual spots of the mcroarray in step S10. 1In
this process, the sequences of the primers i mobilizedintothe
i ndi vi dual spots are menorized. Then in step S20, a sanmple is
i ntroduced while using DNA fragments havi ng unknown base
sequences as the tenpl ate DNA fragnments, thermal unfolding is
carried out instep S30, and anneal ed in step S40. 1In step S50,

t he el ongation reaction proceeds only on the primers existing
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accessible by preparing a complete set of primers each having a
sequence of a predetermined number of bases, 6 to 10 mer for 15
example and preferably 8 mer, is obtaiddd, which accounts for 48=65536
species when 8-mer primers are used, and by immobilizing each of the
individual primers into a single spot. 0112] More specifically, the

in anYliHal o g @f miopilzed AY N éE”HmWP PO BfA chain

microarray in ste G. 1R this process, t sequences the primers

fr agl[pérpﬂbglzgql] wé%qhgdlnglp{@p@lvslppﬁ are memorized. Then in step S20, a
sample is introduced while using DNA fragments having unknown base

[ 019€e3juences as the template DNA fragments, thermal unfolding is 25

carried out in step S30, and annealed in step S40. In step S50, the
elongaties ceactien pracddue abypurethdpripeed existing 4l in a focmrgbor at i ng
double strand having the template DNA chain fragments annealed

t he kahaligd cmue| actded&ipaNRMRE 8bohé, by prImanRNeii@rBsratingr oduced

5 the Iabeled cleotide monomers into th saml e introduced in
in Sét&!?s E;ﬂl\ﬁl\ rgr{té‘g&ﬁi%& Bt AL ﬁﬁiu Ef 248" 155&ed dnper s are

| abef] §§Z% P R AL P i) S0 oo B MU ey A { r agment s

re nagfeﬁlé'ﬁnﬁﬁ? ‘Pfﬁl%e PIBELS 'awbalfzce 10 {f dhGdeiReipg spﬁtssqa@dnes5 5 can be

known, because the sequences of the primers immobilized to the

det elodigidyakaieys Bre memasiged:din deis ey, theebanei seguencesmbtiiel i zed t o
primers causing thereon the

the detected spots can be known, because the sequences of the

Q

primers inmmobilizedtotheindividual arrays are menorized. 1In
t his way, the base sequences of the primers causing thereon the
el ongation reaction can be known.

[0114]

Now as shown in FIG 7, the spots causing the el ongation
reaction on a substrate 41, the i ndividual sequences in arandom
sequence group 45 of the primers immbilized in the detected
spots are extracted, and ordered so as to overl ap with each ot her
whil e being shifted at the head and tail of the sequences by
every single base, so as to obtain an ordered sequence group
47. A base sequence 49 of the tenplate DNA fragment having an
unknown base sequence 43 can be determ ned by readi ng the head
bases of the individual primers according to the order shown
by the ordered sequence group 47, and by reading all bases as
for the last primer.

[0115]
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elongation reaction can be known. 0114] 15 Now as shown in FIG. 7, the

spots causing the elongation reaction on a substrate 41, the individual

sequences in a random sequence grodg 45 of the primers immobilized in

the detected spots are extracted, and ordered so as to overlap with each

other while being shifted at the head and tail of the sequences by 20

every single hase, so as to, obtain an order uence group 47. A ba
segaer{c%g45%o %Segtgﬁ%lageoDﬁk%%%Fneen%%)a?%ggfne ﬁ%kgngowﬁba%(re' fiers for

6- meFepeneR#3 can Re degesmined ycieadingsthg head (bases pf herer pri mers.

individual primers according to the order shown by the ordered sequence

Thesgrogp #feand byreadipmall kases as t2b foethedast pomer. §01d6] 4211ty smal |
is necessary to prepare 4096 species of primers for 6-mer primers, and

mol e18B8e spaced offpyinmess 00 7meer primebd) Thesse psimels are applicable
to search for relatively small molecules as long as 20 mer to 50 mer, such _

f uncadsonantivnaYmkrEWnNE) RNA and micr eni) RINA R tedhiysisanal ysi s
a gene sequence. 0116] It is necessary to prepare 65536 species of

a O€0Hmet§ fbt €8l rfer primers, and 262144 and 1048576 species of primers
for.10 9-mer and 10-mer primers, respectively. These primers are

[01 . .

applicable to general gene sequencing. [0117]

It is necessary to prepare 65536 species of primers for
8-mer primers, and 262144 and 1048576 species of prinmers for
9-mer and 10-mer primers, respectively. These prinmers are
applicable to general gene sequenci ng.

[0117]
(Gene Expression Profiling)

FI G 8 shows conventional nmethods of preparing a sanmple

introdeced a | abel as a sanmple for gene expression profiling
and of carrying out the expression profiling.
[0118]

A total RNA is extracted from an biol ogical tissue
corresponded to the purpose. Fromthe total RNA, a cDNA is
synt hesi zed (first chain synthesis) based on a reaction using
a reverse transcriptase. |In the reaction using the reverse
transcriptase, a m xture containing a predeterm ned ratio of
dNTP and am noallyl dUTP is added, to thereby synthesize the
cDNA havi ng am noal | yl dUTP i ncorporated therein.

[0119]
When only a small amount of total RNA was obtained from

thetissue, the cDNAi s synthesized by thereversetranscription
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(Gene Expression Profiling) FIG. 8 shows conventional methods of
preparing a sample 15 introdeced a label as a sample for gene
expression profiling and of carrying oud ghe expression profiling. 0118] A
total RNA is extracted from an biological tissue corresponded to the
purpose. From the total RNA, a cDNA is 20 synthesized (first chain

reac%yinbhﬁSiséb%sc‘fﬁt%”eq eAFUON IS Nﬁ\r‘?ﬁerr?’aentéac”Fﬁ:i?‘%t."f‘?’()en N '0%pl ate DNA

reaction using the reverse transcriptase, a mixture containing a

fr agﬁw‘éﬁ?t?ﬂﬁ“@e@SﬂHiPWésOﬁNfgda"(‘?saé’éliBH%“yb%\T% IssgAfied e9ithgrebyand using

synthesize the cDNA having aminoallyl dUTP incorporated therein. 25

t he [ladglyheaoniha smathamauat ohiot@NENpovasmabiaired fremhdheed t her eon
tissue, the cDNA is synthesized by the reverse transcription 43 reaction,

so aa dbublassprand gDEA (RAsdniptiomtgnaptata DNAs drag@enfl)dd n (aRNA) . I n
synthesized (second chain synthesis), and using the product as the
t he RIPEES InHNARNOyHERdsefid 8&bd Herednh 8o akbfafpity BE RNA noal |yl

having an antisense chain (aRNA). In 5 the process of RNA amplification,
dUT il BRRIAR S gt h O HO T TkoRfordd THaRh &pe Y addi ng a

m xR ANRTaI ST Uo] b Nk R Lo of Bbadgrag noal 1y!

duTtminoallyl RNA (aRNA) is precipitated with ethanol, and is then dissolved
intoa 0.2 M

[0120]

Next, the cDNA or the antisense am noallyl RNA (aRNA) is
precipitated with ethanol, and is then dissolved into a 0.2 M
sodi umcar bonat e buf fer (NaHCC;- Na,CGC; (pH9.0)). Afluorescent
dye (Cy3 or Cy5) prelimnarily dissolved into DMSO i s added,
and is allowed to couple with am noallyl dUTP prelimnarily
i ncorporated into the cDNA or the aRNA according to genera
procedures, to thereby | abel the cDNA or the aRNA with
fluorescence. Unbound portion of the fluorescent dye is
removed by general purification procedures through a gel
filtration colum or a filter, and the aRNA is further added
withafragmentationbuffer (havingfinal concentrations of 0.04
M Tri s(hydroxymet hyl )am nonmet hane Acetate (pH8.1), 0.1 M
pot assi umacetate, 0.03 Mmagnesi umacetate), all owed to react
at 95°C for 15 m nutes, and t hen qui ckly quenched with crushed
ice, to thereby fragnentate the aRNA. After confirm ng the
fragmentation by a method such as gel electrophoresis, the
product is purified and concentrated by gel filtration.

[0121]
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sodium carbonate buffer (NaHC03-Na2CO3 (pH9 . 0) ) . A fluorescent
dye (Cy3 or Cy5) preliminarily dissolved into DMSO is added, and is
allowed to couple with aminoallyl dUTRlgreliminarily 15 incorporated into
the cDNA or the aRNA according to general procedures, to thereby label
the cDNA or the aRNA with fluorescence. Unbound portion of the

f dye | ved b | purificafi h _
oo R oo Kot BahS sk PHA BtNA A b TR TEE i tn the
or i niEAgNEniation dufferdpaving final congrntratings of 0-WhM arNA i s

Tris(hydroxymethyl)aminomethane Acetate (pH8.1), 0.1 M potassium

ap pranetdte 03 Mmagnesiwim acetate)y alloweidia reash ab8$E &t 16f i nal
minutes, and then quickly quenched with crushed ice, to thereby

C o n cfeaymienntate theoARBASAfer Corifmihy YRé DBagheDatibrabyl & netbad ut i on)
such as gel electrophoresis, the product is purified and concentrated by

and {erimedtiod e [0 4y Riekd thue hrepsen icRiA Bk AfNaNe HybAdegr oar r ay

with the primers in the microarrgy. The cDNA or the aRNA is _ _
at 455 oty mhxed vithiely bl B aftrDBUfEt AiRbl Edncenft&idH & 0ar ray is

5  Q.5(v/v Denhardt' |an ng f ami .
was gﬁ%%z‘?ﬂ%)véérgé thiﬁdéhglgN,&q}nfi?ﬁ)%ﬁ%yg §!erbpd t%Hgog.l %%$§e80| ution,
and Ryblidigajions feypiceparray tjﬁscp‘/@éli“?%léﬁi% 2 8¥SSCH -AUY¥0 SPRages are
solution, a 2xSSC solution, and a 1xSSC solution, respectively for 5
s canndtess imggasfare scarnegrisingra feoresgeririnjage reaseinfire, CRBI O( r )

example, CRBIO(r) 10 lle; from Hitachi Software Engineering, Co., Ltd.),
I | e;afid signkli t achi Sof t war e Engi neering, Co., Ltd.), and signal
intensities are quantified using an analytical software (for
exanpl e, DNASI S(r)Array; fromHitachi Software Engi neering,
Co., Ltd.). Although FIG 8 shows an exenmplary case of aRNA
synthesis, cDNA may directly be analyzed if a sufficient
guantity of cDNA is available in the m ddle of the process.
[0122]

This met hod, however, needs conplicated pretreat ment
processes, and consequently needs a |l arge nunber of conditions
to be set, such as needing selection of conditions for the
I ndi vi dual samples, sothat it takes at | east 5 days to one week
toconpl etethe whol e processes, rai sing adi sadvantageinterns
of rapid genetic inspection.

[0123]

Thereforeinthis embodi ment, the DNA fragments havingthe

base sequences corresponded to the characteristic sequence of

a gene to be analyzed are used as the prinmers, and each pri mer

is prelimnaly inmmbilized on the surface of the substrate
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intensities are quantified using an analytical software (for example,
DNASIS(r)Array; from Hitachi Software Engineering, Co., Ltd.). Although
FIG. 8 shows an exemplary case of aRMA synthesis, cDNA may directly
be analyzed if a sufficient 15 quantity of cDNA is available in the middle of
the process. 0122] This method, however, needs complicated

acc VB FTIA0 HECEPHS) A1 RISEOHEpty Bests g laige TheLol g o gpor

conditions to be’sét, such as needing selection of condi or

on tiREIVidual samries, SO thadt trkesat eash prlayy it PREsWeek Ot hen carri ed

complete the whole processes, raising a disadvantage in terms of rapid

out ggnet¢ inspgaiigntta3t dhenefaram this entesimentithe BNAever se
fragments having the 25 base sequences corresponded to the

t r ancharagerate ssquense tob agiehatobé healgiddlareaisdd by thesprimgertshe ¢ DNA
and each primer is preliminaly immobilized on the surface of the substrate

(or hhexaddMfingd tersaflilRynridith Sa8tn Fif.1 fn hRRJE §Fti sHithedemand)
micro rraé// e firmchain sypthesis is then carried out (Tt))%tallowin he

obt apfig Na_t'oTtr thith AlreePe FanddPbiaga's3 adto bEGINLREPHRAS DNA
fr aggpéjnwsus' tget(éﬁyoﬁ%iiéoé %@T&’}#A‘ P BLF?H‘FP&’H qn%pllg?qtlga{éf&h?a?e proceed

ccasions deman irst chain synthesis as the temp

on t PANH ranerisqand Ahepeorgaion %ﬁcéi%gsa%lp\”@ﬂ O ProgesfiACH g mer ase
primer side on the substrate by actions of a DNA polymerase or a DNA
or algmsel anchherehantexpiesssd genexqandsdeentfiede can be i denti fi ed.
[0124]

As described in the above, it is also made possible to
directly proceed the el ongation reaction on the primer side on
t he substrate, by hybridizing the primers having predeterm ned
sequences and provided on the substrate, using the total RNA
as the tenmpl ates, under action of a reverse transcri ptase, and
t hereby an expressed gene can be identified.

[0125]

In other words, whether a probe having a base sequence
compl ementary to acharacteristic sequence owned by a known gene
can be found or not, inthe tenpl ate DNAfragments obtained from
the total RNA derived froma specific cell.

[0126]

Referring nowto the case where cDNA with respect to the
total RNA is used as the tenmplate DNA fragments, the
above-descri bed individual primers are inmmobilized to the
respective spots of the mcroarray instep S10. Inthis process,

t he sequences of the primers immpbilized to the detected spots
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10 [0124] As described in the above, it is also made possible to directly
proceed the elongation reaction on the primer side on the substrate, by
hybridizing the primers having predetedgined sequences and provided on
the substrate, using the total RNA 15 as the templates, under action of a
reverse transcriptase, and thereby an expressed gene can be identified.

are %Zr%rlpzoéhaer qugls Vtvré thg& pr%b% gﬂggrll%ai bsaslenstegg%nucged \é\”}iol e usi ng

complementary to a characteristi¢c sequence owned by a known gen

t he C@MNDE foynd ALQL-R ihe tepiplate ﬁ)ﬂ\jéﬁféftgé‘?%t%%aiﬂﬁq HPMRIGE obt ai ned

total RNA derived from a specific cell. 0126] Referring now to the case

as dwdere gNAiwith respesbipdhgstataldRNAW LUaedapihe terapjateNA t her mal
fragments, the 25 above-described individual primers are immobilized to

unf othdiregpéciveaspoisedd thelmicroasriag in S&H,SEN th &isplcess,i thest ep S40.
sequences of the primers immobilized to the detected spots 46 are .
I N stesmofsbd IR &teb S0 sapleaia fritloalcBl WheE dSirnthe epNAe pri mers

. synthesized from a predetermjned total RNA obtained as described in the ,
exi siHoNd ddtrie fté?ﬁﬂh‘?ée IIS%’A' ﬁL&n%‘h{s?mérﬁ?aY'dﬁ%lbfhﬁ fsecﬁﬂtl)e?ito%t[?ﬁ\‘A chain

fr agjg%;(?fgo,aaﬁgeagp%%,eq Wef\srt%q/v?ff% '5 In step S50, the elongation

lon proceeds only on the primers existing in a form of double strand
[ Ollzaming the template DNA chain fragments annealed therewith. 0127]

As descri bed in the above, by prelimnarily incorporating
t he | abel ed nucl eoti de mononers intothe sanpletobeintroduced
instep S20, the DNA fragments obtained fromthe primers by the
el ongation reaction are | abel ed, and the spots containing the
fluorescent DNA fragnments remai ned on the substrate after the
washing in step S55 can be detected, wherein the sequences of
the primers immbilized to the detected spots can be known,
because the sequences of the primers immpbilized to the
i ndi vidual arrays are menorized. 1In this way, the base
sequences of the primers causi ngthereontheelongationreaction
can be known, and it is therefore made possible to know from

whi ch gene the total RNA was expressed and obtained, that is,

it is made possible to carry out gene expression profiling.
[0128]
According to this method, the gene expression profiling

anal ysi s can be carri ed out only by si npl e operations, excl udi ng
nost part of | abor- andti me-consum ng sanpl e preparati on havi ng

been necessary in the general analyses, but using, as the
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As described in the above, by preliminarily incorporating 10 the labeled
nucleotide monomers into the sample to be introduced in step S20, the
DNA fragments obtained from the primévs by the elongation reaction are
labeled, and the spots containing the fluorescent DNA fragments
remained on the substrate after the washing in step S55 can be detected,

t enpwréirsin Asq,qru\%a anf Sl5 theDNKn%rB tirQrinR%i%feadsto éhe detected

Spots can be kno ecaUse?he sequences of the primers immobilized

r evelPde indiidual pysaHe mesenrizedp dis Yendhe BassACBYencet al RNA.

of the primers causing thereon the elongation reaction can be known, and
[ 01i ®]therefore made possible to know from 20 which gene the total RNA

was expressed and obtained, that is, it is made possible to carry out gene
expyegsioe pidfitimys  Al2B8EAcdondimng tohthis enetlesd; thebgahei axptessioabove

. profiling analysis can be carried out only by simple operations, excluding

I ncl 2680@pst part of labor-and time-consuming sample preparation having
been ngcessar,y in the general analyses, Zut usin% as the 47 template

DN REGrRETS UDNAolaRba al 4%V ERE1AROSpAGRbYELG RHFN 2s
mi crOLRM ?'i\lﬁhegrﬁ%llR 1'5012c9ﬂ1f‘8%%%?]@Ot%%r%é}wgf)?e[% anal ysi s

escribed in ove -5 include: appli basic tool for ge

T e o a  eaaron) e for
functional I y-unknown (nc) RNA;

application to application-specific custom chips using
thesetool s, such as organ- and di sease-specific gene expression
anal yzi ng chi p, nutagenicity test kit (environmental hornone),
genetically-modified food i nspection kit, mtochondrial gene
sequencing kit, analytical kit for paternity test/crim na
I nvestigati on, congenital disease analyzing kit,
chromosomal / genetic abnormality analyzing kit, genetic
di agnosi s (preinplantation/prenatal) kit,
drug-response-rel ated gene pol ynorphi sm anal yzing kit,
l'i pi d- met abol i snm-rel ated gene pol ynor phi smanal yzi ng kit, and
ot ol ogi cal / opht hal nol ogi cal field gene pol ymor phi smanal yzi ng
Kit;

application to diagnostic/clinical customchips such as
cancer prognostic prediction chip, drug devel opment
(clinical/drug discovery) chip, and healthy food devel opment
chi p;

application to mcrobial identification and inspection

kit such as used i n drug/ food manufacturing processes i ncl udi ng



functionally-unknown (nc)RNA,; 10 application to application-specific
custom chips using these tools, such as organ- and disease-specific gene
expression analyzing chip, mutageniciy8test kit (environmental hormone),
genetically-modified food inspection kit, mitochondria) gene sequencing
kit, analytical kit for paternity test/criminal 15 investigation, congenital

for #P%?’Sc?bf}‘”glyzlir} 51 C.P%’Qosoﬁ?‘;‘f9%1“%“r‘33>aé’|”8'im?'ﬁ%@%%'Vii%ki f food and

genetic “diagnosis (preimplantation/prenatal) Kit, "drug-reSponse-related

dr i nd&NRPolyERNisM ARalyzing Kik JliPid-MepbelsFeiatad gehk al fi el d

polymorphism analyzing kit, and 20 otological/ophthalmological field gene

i nclRAMephismeanalyaing ofit; deplicationda diagspgistdiniga customschipsl at ed

such as cancer prognostic prediction chip, drug development
bact (elinieakdrdgdiscecenypchipf amd healthynfosd developmenti 2R dhggt eri a; and

_application to microbial identification and inspection kit such as used in .
envi drad/feRatnadn Ut g pr@de ssetCih bl AdiRg 48 Y mRFIBRM lidlt tdsispect i on

nd microbial inspection oﬁfood nd . drinking water; and clinjcal )
for haRRrbmdEhtdl il SAAibGEibbich &f Bent ef | nspection f or
. ries/periqdontitis-related teri tection of Qpportunisti

dri nﬁrﬁecg{)nséﬁcéﬂ?atbgrﬂa% %n\ﬁr%?n&ea%ﬁa%ngs\%ggtiow ?n{:%%lng%éﬁ]@ir@nerﬁelzr{ta and

L Myl SRR BT saser oo
poi soni ng and heal th management of conmpany enpl oyee; general

m crobial identification also related to resistant bacteri a;

and clinical inspection of hepatitisvirus, Helicobacter pyroli,
hepatitis chlamydia, AIDS virus, SARS virus, West Nile virus,

norovirus (food poi soni ng ascri bable torawoyster), influenza
virus, fungus/mold, or the I|ike.

( Exanpl es)

[0130]

(Experiment 1)

According to the techni ques descri bed bel ow, the prinmers
were immobilized onto the surface of each substrate of the
pl astic and gl ass substrates corresponded to this embodi ment,
and the al dehyde substrate corresponded to conventi onal
substrates, the DNA chain elongation reaction was allowed to
proceed on the individual substrates, and the DNA chain
el ongation reaction on the primers was detected.

[0131]

(Manufacture of Plastic Substrates)
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hygiene field including prevention of infectious disease/food poisoning
and health management of company employee; general 10 microbial
identification also related to resistant bd&eria; and clinical inspection of
hepatitis virus, Helicobacter pyroli, hepatitis chlamydia, AIDS virus, SARS
virus, West Nile virus, norovirus (food poisoning ascribable to raw oyster),

nerie, s SOPIRAL90E  0 EE) BAFY cr gaena oo

(ExXperi ccording to es described below,

ri ngVe/BdRMRBIlized A the PUBAGRQTIPRLN SURRYAILLHT Mg €0 HisC@ndi t 1 ow

glass substrates corresponded to this émbodiment, and the aldehyde

r at eyubsratg comeapandadatpiconyentigihl cybatates the DiNFsehamn i al |y 100%
elongation reaction was allowed to proceed on the individual substrates,

t heraral thel ®Ngy chain  elonyatigpaeadtion ®n1R2SPChers Wasdietegtetls 85 f or med
[0131] (Manufacture of Plastic Substrates) 49 Using a saturated cyclic

s ubsidiydiein MeIhgHYRioaENREdding-dhedfig fodi®lofli Ng.  The substrates

5-methyl-2-norbornene, MER (melt flow rate) : 21 g/10. min, ratio of
wer o Bl GtuR Ao bibetarRialty 1808, ThAAAPYeraMdlibh tinirature
e T T U
met haBEihastiayipxyethy BResRRgYL gelieerP¥¥hy | pol yet hyl ene gl yco
met hacryl ate (NPMA) copolymer (containing the individual
groupsinanmolar ratioof 25:74:1), soastointroduce a pol ymer
subst ance havi ng phosphoryl choline groups and acti vated ester
groups onto the surface of the substrates, to thereby obtain
pl astic substrates.
[ 0132]
(Manufacture of Gl ass Substrates)

General gl ass substrates were di ppedintoa0.5wt%et hanol
solution of 2-methacryl oyl oxyethyl phosphoryl choline-butyl
met hacryl at e-p-nitrophenyl - oxycarbonyl polyethylene glycol
met hacryl ate (NPMA) copolymer (containing the individual
groupsinanmolar ratioof 25:74:1), soastointroduce a pol ymer
subst ance havi ng phosphoryl choline groups and activated ester
groups onto the surface of the substrates, to thereby obtain
gl ass substrates.

[0133]
(Manufacture of Al dehyde Substrates)
Using a saturated cyclic polyolefin resin (hydrogenated

ring-opening product of 5-nmethyl-2-norbornene, MFR (nmelt fl ow
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methacrylate-p-nitrophenyl-oxycarbonyl polyethylene glycol methacrylate
(NPMA) copolymer (containing the individual 10 groups in a molar ratio of
25:74:1) , so as to introduce a polymer58ubstance having phosphoryl
choline groups and activated ester groups onto the surface of the
substrates, to thereby obtain plastic substrates. [0132] 15 (Manufacture

f ral gl i i .
o SRR ST AR 0 v 100
t herRalhagrsiats pratioghenys fpcatony| Polysdwiene gycplyBeliagyiate or med

(NPMA) copolymer (containing the individual 20 groups in a molar ratio of
subsdS & bs SAESdO HTNodUeReal POIYMER Sekstanse hawingiphgsphore nol d
choline groups and activated ester groups onto the surface of the
pr o dsubkisates, ite tHeheby chtdin eptdssdubstirdtesy{1186hH @6 gMeanwagtlieesofa
Aldehyde Substrates) Using a saturated cyclic polyolefin resin
tr eah{®Bhenated fifglopemiig p@RDEL of BENdthA-2ShdrbarRene, NEXt |
melt flow 50 rate).: 21 g/10 mjn, ratio of hyo!%r'()g[?enatign: substﬁlntially

V- a2 gHBP LAk &Jférﬁjialﬁ% Yempetatlire™t23e)) Shdé k4L fdrmdg e’ was
di ssf#%%@ﬁsnvi’eée{(r%%ﬁ%%%wi'Wegt'é)}];' ,{T&OA?E 'attneéﬁobdf pg%jggtsa\g/e{ % prepare

en subjecte emperature plasma 5 treatment, so as to

an aﬁ')’(ﬂfepqp%%ﬁ“? fYrFas8 N g YsyNINPPIORY! HRWRYBIBNE &es wer e di pped
aminoalkylsilane was

inthe solution for 2 hours, taken out fromthe sol uti on, di pped
in a ultrapure water, allowed to stand, taken out therefrom
and dried. Glutaraldehyde was di ssolved into PBS PBS(-) in a
concentration of 2%so as to prepare a gl utaral dehyde sol uti on,
t he am noal kyl sil ane-treated substrates were dipped in the
gl ut aral dehyde solution, allowed to stand for 4 hours, taken
out, immersed in a ultrapure water, and then washed and dri ed.
Al dehyde substrates having al dehyde groups on the surface
t hereof were obtained.
[ 0134]
(I mmobi lization of Primers)

An oligo DNA (20 bases) having an am no group on the
5 -term nal was di ssolvedintoaO0.25 Mcarbonat e buffer (pH9.0),
to thereby prepare a 10-uM oligo DNA solution. The solution
was spotted using a spotter (Marks-1 from Hitachi Software
Engi neering, Co., Ltd.) with a 100-un-di ameter crosscut pin,
respectively onto the surfaces of the plastic substrates, the

gl ass substrates, and t he al dehyde substrates. The i ndivi dual

substrates spotted with the oligo DNA were kept overnight in
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dissolved into methanol in a concentration of 5-06 so as to prepare an
amino group introducing solution, the substrates were dipped in the
solution for 2 hours, taken out from theSblution, dipped 10 in a ultrapure
water, allowed to stand, taken out therefrom, and dried. Glutaraldehyde
was dissolved into PBS PBS(-) in a concentration of 26 so as to prepare

a cl ggleljaargyﬁpyit?enséorl & ytZSgg %nﬂgg\;ﬁ ate(c]}f%rbgaourswer% t her eof

ipped inthe “glutaralde

wi t hE2@H, immeggeding Lﬁ%a%repWBQb@ijéh%W@%led@Bﬂi@”%@ so as to

Aldehyde substrates having aldehyde groups on the surface thereof were
i mmoditaineds [Q13¢] dlimraebilrior efrRringers))20 An oligo DNA (20 bases)
having an amino group on the 5'-terminal was dissolved into a 0.25 M
[ 01&bonate buffer (pH9.0), to thereby prepare a 10-pM oligo DNA solution.
The solution was spotted using a spotter (Marks-I from Hitachi Software
( DNAEfefirdefindr! cod 9iaki |y uith Bei@@tune-Blameter crosscut pin, 25

respectively onto th surfaces he plastic substrates, the glass
R UL TR bRty b Lk eeL SN 50 T Bl e! | i nar i1y

bR eSS o) Pl e Farodl Wiln360 HETE G3L A templ ate
DNA PP%S@H%'&?B%E% égESE?itn $Oot%%fé’Re'H‘Tﬁb§'F% B‘%Q@%P"M Brimers) r eact i on
gation Reaction

system was prepared while adjusting the concentration of the
tenpl ate DNA fragments to 100 pM As the enzyme systemfor the
DNA chai n el ongati on, a DNA pol ymerase (Ex Taq from Takara Bi o
Inc.) was used.

[0136]

Next, the thermal unfolding in step S30 of FIG 6, the
annealing in step S40 and the elongation reaction in step S50
were carried out at 95°C for 5 m nutes (unfolding), 95°C for
1 m nute (unfolding), 50°Cfor 3 mnutes (annealing), and 95°C
for 1 mnute (unfolding), respectively.

[0137]

Tabl e 1 bel ow shows results of measurement of fl uorescent
intensity ascribable to Cy3-dUTP in the detection of the DNA
chain elongation reaction, while prelimnarily incorporating
Cy3-dUTP into the sanple.

[0138]

(Table 1)
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By using predetermined 50-mer DNA fragments preliminarily labeled at
the 5'-terminal thereof with Cy5 were as the template DNA fragments to
be introduced in step S20 of FIG. 6, a f&action system was prepared
while adjusting the concentration of the 10 template DNA fragments to
100 pM. As the enzyme system for the DNA chain elongation, a DNA
polymerase (Ex Tag from Takara Bio Inc.) was used. 0136] Next, the

NUMBBESRaltoldIng in step S3ﬂ9®ﬁé§:@Jdﬁ%@@ﬂm@@@&[@ﬁ@m@ﬁﬂmm

PV =N

IN pRt(nglongation readgtromrst S5O0-wereTcarretroutat-95€-for TITE
i 1 mmul’AJ?uﬁfnldlnm 50C fnrqt;}ﬁ utes (a n%lvg W\DE SUBSTRATE

and 980 for 1 minjite (unf@@&D, respediively. 0ZFB 20 Tabld 1 belowl 725

show sults ofr m asuren@B fluoresgent Int ascribalple to
#ﬂfﬁ-ﬂ‘&dﬁt&?tmu T LIQI(?D:\\:A u-iain eluzﬁ;tt[lgl |Cuuuun ‘v.vhi:C O

preliminarily incorporating Cy3-dUTP into the sample. [0138] 25 (Table
[ 0138]52 NUMBER OF BASES FLUORESCENCE INTENSITY(MPEC
ELONGATION EEACTI N) IN PROBES PLASTIC GLASS ALDEHYDE

5§ Bb8L SAENEAS 963852 bAE: § UNSL] HESNERafiet ect ed
on t ngngﬁtéo&(?ncthseus[ygﬁr%{[?se\g/agrggt%qt%%S substrates corresponded to

t hi s embodi ment, whereas the DNA chai n el ongati on was supposed
as being not detected on the al dehyde substrates corresponded
to the conventional substrates.

[0140]

(Experi ment 2)

Using the plastic substrates on which the DNA chain
el ongation reaction was detected in Experiment 1, DNA chain
el ongati on of 20-nmer, 25-mer and 30- mer probes was respectively
carried out based on the MPEC method in 1 cycle, 5 cycles, 10
cycles and 20 cycles, so as to anplify the DNA chains, and
fluorescent intensity was measured when every set of cycles is
conmpl et ed.

[0141]

The thermal unfoldinginstep S30 of FIG 1, the annealing
instep S40, the el ongationreactioninstep S50, andthether mal
unf ol ding step S60 were carried out at 95°C for 5 m nutes
(unfolding; only for the first time), 95°C for 1 m nute
(unfolding), 50°Cfor 3 mnute (annealing) and 95°Cfor 1 m nute
(unfol ding), respectively.

Results are shown in Table 2 bel ow.
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on the plastic substrates and glass substrates corresponded to 5 this
embodiment, whereas the DNA chain elongation was supposed as being
not detected on the aldehyde substrates3corresponded to the
conventional substrates. [0140] (Experiment 2) 10 Using the plastic
substrates on which the DNA chain elongation reaction was detected in

[ 01'2:1 eriment 1, DNA chain elongation of 20-mer, 25-mer and 30-mer
probes was respectively carried out based on the MPEC method in 1

( Ta®ycle, §])cycles, 10 cycles and 20 cycles, so as to amplify the DNA chains,
and 15 fluorescent intensity was measured when every set of cycles is

caomalaetad 0444 Thaotharmal tiafalalina n ot CON AL I 1 4o
CUTMTPTICTC U U= T TTIC CNICTTTTAr O ToOTa g il oLCtll DIV UT I 1O, L, UIC

NUMBEREBIBAGER Ster SAHORRSCENGA STRNSYAATTEA ALENGATIONREACTIOMRYTHE MPEC METHOD)

IN PREBEMal 20 unfolding step S60 were carrik¢MBER &f 9%C ¢eLEIminutes

(unfolding; only fgr the firgt time), $5C for Isminute [(unfolding) , 50C{for 3 9

= HHULE g{gjllglulllg), 'eﬁgﬂzly' 5‘?”“35668

FLAYRreSCENCE INTBRESY (AFTERTEISNGATION RBABTION BY 39469

THE)MREC METHOD) 2INGBROBES NUABRER OF MPE®ESBGLES [L 5 107939

20
[ 0143]

On the plastic substrates treated on the surface thereof
with a predeterm ned polymer substance, the DNA chain
anplification was detected for any |ength of probes.

[0144]
(Experi ment 3)

For the purpose of SNS typi ng having the 21st base Cfrom
the 5" position of 5'-Cy5- AAGGCGGGAGGGAGCGCAATCCGGGAGTTTAC
AAATGGACAAACTTCTAT-3' as a nutant site, total 5 species of
probes (21 mer) were designed, and i mobilized on the plastic
substrates. Using these m croarrays, SNP typing (el ongation
reaction) is carried out based on the MPEC (nultiple prinmer
extension on a chip) reaction.

[0145]

The SNP typing is carried out under the presence of a DNA
pol ymerase (0.05 U m ), Cy3-dUTP (0.05 mv), and dATP, dCTP and
dGTP (respectively in a concentration of 0.2 mV) in 50 ul of
a PCR buffer, under a tenmperature cycle of 95°C (1 m nute) and

50°C (3 m nutes).
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20 mer 6487 14012 35502 45668 25mer 3808 5348 15287 35469 30
mer 2766 4340 9656 27939 [0143] 5 On the plastic substrates treated on
the surface thereof with a predetermingd polymer substance, the DNA
chain amplification was detected for any length of probes. [0144]
(Experiment 3) 10 For the purpose of SNS typing having the 21st base C
frop. the &?

b o A ST Bl L R B ISR A ERRT T RR: Onl Y
oM TP GARAARTICTAT R At & MHaY ste. fetal 5 gpesiesay qurhes

(21 mer) were designed, and immobilized on the plastic substrates. Using

c onpthesgemicsaayraysi BN ByRiag (gdangation dh feqatine) Socafi#gd DMA f r agment s
based on the MPEC (multiple primer extension on a chip) reaction. 0145]

des cTheb®NMP itypirichie catriedeut ander ¢heoprgsdrned ,of arNA pobetpuaset |y emi t
(0.05 U/ml), Cy3-dUTP (0.05 mM), and dATP, dCTP and 20 dGTP

f I uogr&speetie-in a concentration of 0.2 mM) in 50 pl of a PCR buffer, under
a temperature cycle of 95C (1 minute) and 50C (3 minutes). 54 As a

[ 014811t of the elongation reaction, only completely-matched sequence
( Ex p%(rjo'?‘?rse% ving,a sequence complementary with the target, which is the
-mer DNA fragments described in the above, are elongated, and

CORpRAUPPICMEact i on described in Example 1 will be applied
to detection of p53 cancer suppressor gene.

Hi gh i nci dence of abnormalities in the p53 gene have been
found in colon cancer and | ung cancer, and abnormality in the
p53 gene (single base pol ynorphism SNP) will reduce efficacy
of anticancer agents, fail ininducing apotosis of cancer cells,
and thereby allows the cancer cells to proliferate.

[0147]

The SNP typi ng (el ongati onreaction) usi ng normal p53 gene
and p53 gene of cancer cell will be carried out. Mutation on
the 993-rd position and the 1069-th position of the p53 gene
have publicly been known, and probes having onthe 3'-term nal s
t hereof the bases at these positions, and having an al nost
constant Tmval ue are desi gned, and i mobilized on the plastic
substrates. Thus designed 16 species of probes
5’ - ATGGGCGGCATGAACN- 3", 5’ - TGAGGATGGGCCTCCN- 3’ ,

5’ - GGAACAGCTTTGAGGTGCN- 3" and 5’ - CCAGGACAGGCACAAACAN- 3’ ( N=A,
G C, T) are used for the SNP typi ng based on t he MPEC reacti on.
[ 0148]

(Experi ment 5)
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5 fluorescence. [0146] (Experiment 4) The MPEC reaction described in
Example 1 will be applied to detection of p53 cancer suppressor gene. 10
High incidence of abnormalities in the @3 gene have been found in colon
cancer and lung cancer, and abnormality in the p53 gene (single base
polymorphism: SNP) will reduce efficacy of anticancer agents, fail in

|nd cing sis of capcer cell nd th re llows the cancer cells t

pro |fera{ﬁPhéo&dlgl9] ?hgjgﬁlb plﬁg e?ong(z%fncr%erﬁctlo l)%%s%aélo?rﬂal yzing a
bas PBAENE N BR3sene b canrer edwillde eaieqiovt NBJéat@am &8 out.

993-rd position and the 1069-th position of the p53 gene have publicly

begg ksevawviand prebies haviog on thepd' derminads 2@ iheraof thediasesl e t o
at these positions, and having an almost constant Tm value are designed,
det eard imencbiliked en thequiastic esubbtrate$.0Fhome designexke16 speciesefl on t he
probes 5-ATGGGCGGCATGAACN-3', 5-TGAGGATGGGCCTCCN-3,
3’ - teguARtAC R TECAGE TIATNEED SBH based on the MPEC reacti on
and5-CCAGGACAGGCACAAACAN- 3 N=A, 25 are used for the .
IS Caip hipthgWhsed Bh Ak Mb%toréééti% S [J17BPR! &ht%%é%@ plastic

| n t for,deter || ing.a qu
e b e v el 3 no base
sequUARES nadkerit RAPIRIE &Y ery singl e base in the direction of the
3'-termnal. Fifty species of probes, respectively having one
m smat ched base onthe 3’ -term nal s t hereof were al so added and

i mmobilized onto the substrates. By using the SBH sinul ation

array, base sequencing is carried out.
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determine a base sequence of a 50-mer target labeled on the 5 3'-terminal
thereof with Cy5, SBH based on the 3PEC reaction is carried out using
microarrays immobilized on the plastic substrates thereof, 8-mer probes
(50 in total) having base sequences shifted by every single base in the
CLAI dfection of the 3'-terminal. Fifty species of probes, respectively having
one 10 mismatched base on the 3'-terminals thereof were also added and
immobilized onto the substrates. By using the SBH simulation array, base
sequencing is carried out. 56 CLAIMS: 1. A method of elongating DNA
cRainé\cHRbNSIAg 2 imMoBMgmb! giendrilhoroRARSorfRIBA loPtd '8
substrate 5 composed of a pla?tic material having on the outermost

SUAFRERDH o ol B 0Pyl f bt LA GnGPGAAGE Ot 0 @ subst rat e
2-meth loyl hyl-phosph li
COMP RSl B o RhRIb ARG Aoy LAYIARG Jcdi R ot | 2ce
¢ her 8 34NERRRYEY haying,a pupd meibacrale 10 arqyp: peating a

reaction system’having introd erein a sample containing template

2- mePNACF3BGMS ) S RNIRISGR BATREMPNISORYING n@e%[i'ieé’Lﬁﬁq“S”%% GAd

enzyme system for DNA chain elongation and nucleofide monomer