1 SPECI FI CATI.ON METHOD OF ELONGATI NG DNA CHAI N, METHOD OF AMPLI FYI NG
DNA CHAIN,  AND M CROARRAY FOR DNA CHAI N ELONGATI ON 5 TECHNI CAL FI ELD
[ 0001] The present invention relates to a nethod of elongating DNA
chai ns through inmobilizing primer DNA chains onto the 10 surface of
a predeterm ned plastic substrate, a nethod of anplifying a DNA
chain, and a mcroarray for DNA gbaidy r£tefgald on used for these

nmet hods. BACKGROUND ART [0002] 15 Non-Patent Docunent 1 discloses a
techni que of proceeding DNA anplification based on solid-phase PCR
(Polynerase Chain Reaction), using a DNA microarray having DNA

chai ns, whiehp a6 F@HOWREATRRS pRauadatir, OHQIT}ﬂ)@@\@ahWLIEbPﬂﬂGtﬁNAr@HAIN,

surface of a glass substrate nodified with a 20 predeterni ned

am no-si |l ane reagefitp mr@RRHRARA- FjrenbyRoeunEn Z1.8W¢es fon

description suggesting feasibility of a device applicable to the
novel] PCR technique, based on characteristics of hybridization with
a 25 predeterm ned DNA chain and thermal stability under PCR-11ike

envi r ongRHy Ny ¥apuated ysing a DNA microarray having a 2 poly
(et hyl nethacrylate) in place of a glass substrate, and

[0001]

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
amplifying a DNA chain, and a microcarray for DNA chain
elongation used for these methceds.

BACKGROUND ART
[0002]

15 Non-Patent Document 1 discloses a technique of
proceeding DNA amplification based on solid-phase PCR
(Polymerase Chain Reaction), using a DNA microarray having
DNA chains, which act as primers, bound through a covalent
bond to the surface of a glass substrate modified with a

20 predetermined amino-silane reagent.

(0003]

Non-Patent Document 2 gives a description suggesting
feasibility of a device applicable to the novel PCR technique,
based on characteristics of hybridization with a

25 predetermined DNA chain and thermal stability under PCR-1like

environment, evaluated using a DNA microarray having a



havi ng DNA fragments i.mobilized on the surface thereof. [Non-Patent
Docunment 1] Adessi, Celine et al., "Solid phase DNA anplification:.
Characterization of prinmer 5 attachnment™and anplification

mechani sms", Nucl eic Acids Research, 2000, Vol . 20, No. 20, e87

[ Non- Pat ent Docunent 2] Fixe, F. et al. "Functionalization of
p0| y( rre&)@ily f?ﬁe@ﬁ?ﬁy}n%tt@aég )tea}s i%h "épé“\é r@feaf aQQIAsubstrate, and
m croarrays Nuclei ¢ Aci ds Research, 10 January 12, Vol. 32,

No. 1, eg Q'zﬁ%%ﬁ%@a%ﬁ&'t@@%%‘llh%%] Jhéh%r%st%‘fabev%@%&féof

tried the DNA chain el ongation 15 reaction based on the

(Ml tiple Primggogdenshony tﬁ'ﬂelq:gl R) o%d§§§ E%‘ﬂ%é’aétoaﬁ DNA'SOlld

m croarrays represented by ose descri i n" Non- Pat ent Docunen

1, 2 ah%g%%é%f«ﬂ t:@gal i - %ngge@ppztfe%rt h?)F

e Rl
unf ol di after ns are el ongated, or annea g usrng t he

tenp at %t%oa%ﬁtea'a% b 1§Clt 85' H%rém£§§§htts5' ' rNtSE?QE'c”QA&{ds

t he priners, once i nmobi e mcroarray substrate

toget hepmidh.the teﬁﬂjateOQNA (endNBhe ol ygd this problem by

‘using a substrate havrng a pre et'erm ned pol yner substance provided

to the surfacggg?pr en@n c&ﬂﬁﬁ89¥ @qnpgftgd the eL25a9resent

i nvention ccor Ing to the presen i nvention, ‘there is

provi ded gq, fef hgd -9f; @{Igf:}tb@g @B@tﬂ 1 Wi & EH‘E ( PMMA
i mrobi |i zi ng prﬂﬁers P I on gnto a sd% ?ratgﬁhavrng s @
the substrate for DNA microarrays", Nucleic Acids Research, 2004,

10 January 12, Vol. 32, No.1, €9

DISCLCSURE OF TEE INVENTION
[0004]
The present inventors tried the DNA chain elongation
15 reaction based on the MPEC (Multiple Primer Extension on a
Chip) process, using various DNA microarrays represented by
those described in Non-Patent Documenits 1, 2 and so forth,
and found out a phenomenon that the thermal unfolding after
the DNA chains are elongated, or annealed, using the template
20 DNA chains bound to the primers results in dropping cof the
primers, once immobilized to the DNA microarray substrate,
together with the template DNA, and then solved this problem
by using a substrate having a predetermined polymer substance
provided To the surface thereof, and thereby completed the
25 present invention.

[CO05]



surface thereof a polymer substance which contains a first 5 unit .
having a group derived froma phosphoester conposing the hydrophilic
section 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, 10 heating a reaction system having

|t roduced L NELELT ot 9apBl € 1000IALDLAG UGHTRL AL £oPNAHIAGIDILS 90y s ed

tenpl ate RNA fragment ng desired sequences, an enzyme syStem
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“anneal ing demperabyreys o hshelhalt el)y  and all.onkng langathans £irse
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reacti on of chai ns ceed in the reaction system

whersei n,alile gl £ e%ea %%8@? SC?%;‘} are Alelowed B%to%rﬁgégt el tc%ﬁga cM¥®y the

l'iquid phase syst i mobi T zin _primers
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group,

10 heating a reaction system having introduced therein a
sample containing template DNA fragments or template RNA
fragments having desired sequences, an enzyme system for DNA
chain elongation and nucleotide monomers, up to a temperature
causing thermal unfolding of the DNA chains (referred to as

15 "thermal unfolding temperature", hereinafter);

cooling the reaction system down to a temperature for
annealing {(referred to as "annealing temperature",
hereinafter):; and
allowing elongation reaction of the DNA chains to proceed
20 in the reaction system,
wherein all of these processes are allowed to proceed
in the same ligquid phase system.
[00061
By immobilizing the primers to a predetermined substrate,
25 by annealing the primers with the template DNA fragments, or

by hybridizing the template RNA fragments, so as to proceed

DNA chain elongation reaction in this way, and by allowing



t.he single-strand DNA el ongated from t.he prinmers remained on 5 the
substrate. [0007] Although it has conventionally been necessary for
a washing process to renove the DNA fragnents or RNA fragnents

whi ch have not been incorporated into the double strand, there 10 are
no DNA fragnents nor RNA fragnents non-specifically adsorption to

the substiate, ) ande s s ics supRasedly - €001 riputi yecL 9 6f f e5ld Vel 1ate

proceed enzyndti c reacti al n el ongation,

maki ng P@ﬁn%@ﬁen@gcgﬁ‘S?%)éléag]oa‘y\%s%ﬂﬁhfﬁ%%r{@éecgﬁfgéef&m%ase from

el ongat eaction. ough t'he conventi onal procedure,

| nvol vi Bg, 4t *]ﬂ?odreﬂpﬁ?g' vidyal, or 8%%%31‘%?5 ok r, Nyl dé&@é%\%gge‘gﬁéﬂﬁggeag%%ping

el ongation un dition of enzyne and nononers,

al | oni ng:he b L dlzati-an e d e, 6LANGRAM A0 PILY o LGRS Mo

separate |1 qui ases, e present "I nvention nma PoOsSsI

pr oceed e Ldi,ization and the elongation reaction in the sanme
qugfd Eﬁgééhﬁ?%ﬁgsﬁ%'z5 In this nmethod of el ongating DNA chains, the

gr oup dzbb% from phosphoester contained in the first unit of the
substrate may be any one of phosphoryl choline group, 5 phosphoryl

o ool o e SR POTEN S8 LG S DBRSEOOL L cLaos Ohor
glycero%&y&%&h 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-specifically
adsorption to the substrate, and this is supposedly
contributive to effectively proceed enzymatic reactiocn
invelved in the DNA chain elongation, making it no more
necessary to wash the substrate before the elongation
15 reaction.
(0008]

Although the conventional procedure, involving the
individual processes of hybridization, washing, and
elongation under addition of enzyme and monomers, was such

20 as allowing the hybridization and the elongation reaction to
proceed in separate ligquid phases, the present invention makes
it possible to proceed the hybridization and the elongation
reaction in the same liquid phase.

[0009]
25 In this method of elongating DNA chains, the group

derived from phosphoester contained in the first unit of the

substrate may be any one of phosphoryl choline group,



[0010] 5 By providing an environnent simlar to phospholipid onto
the surface of the substrate in this , the DNA chain elongation
reaction can now proceed in an environrent simlar to the

intracel lular one. The DNA chain elongation can therefore be
proceeded under nore mlder conditions. 10 [0011] In the

above- dgﬁm%@t hed, .of o £LANGAL i i PNA ¢hal dish o r§ach of i §be gRiduper s

may be I'n which one base o0f a base sequence

cont ai nj H% Hgﬁygcggwgﬁ &1Ssqwﬁy%0%ﬁos%HH PtﬁﬂWdE¥Bia?9%hpwﬂEhd

is repl anot her base 12] "By this configurafion

et hod gfl %tpo ana{jg Hékgﬁerl§@§rBrle$geﬁSubnve”t' on becones

applica sin nucl eot i de pol ynor phi snms ( SNP) .
[ 0013] ?ﬁ the above descrlbed met hod of el ongati ng DNA chai ns,
each of e prlners IS conposed of a predeterm ned nunber of base

sequences, ang,,i t e t
con%lete setsgyﬁ%S%Z 25 B%m§ ?é&?ﬁh??ggﬁiﬁfg2a§'98%ﬂ§§spﬁ%lf§1d onto

el ongat | Iy ti e S I bl
the anal 5 & P850 S settencrna by Pybri diiZati satCSare B L Gors”

I'n the g?%ﬁ%ag@f&ﬁlpggcmg}b@a% &P %d@ed%acrwmlroﬁﬁ\%toélmqar

t enpl at ragnents may cmermmem
to the intracellular one. The DNA chain elongation can

therefore be proceeded under more milder conditions.

10 [0011]

In the above-described method of elongating DNA chains,
each of the primers may be a DNA fragment in which one base
of a base seguence containing a characteristic sequence of
a predetermined target gene is replaced with another base.

15 (0C12]

By this configuration, the method cof elongating DNA
chains of the present invention becomes applicable to analysis
0of single nucleotide polymorphisms (SNP).

[0013]

20 In the above-described method of elongating DNA chains,
each of the primers is composed of a predetermined number of
base sequences, and is a DNA fragment having its own sequence
cut of complete sets.

[0014]

25 By this configuration, the DNA chain elongation reaction

of the present invention becomes applicable to the analysis

based on seguencing-by-hybridization (SBH).



obtained by treating a predetermned RNA with a reverse 5
transcriptase. [0016] By this config %ation, the DNA chain

el ongation reaction of the present invention becones applicable to
gene expression profiling and can proceed it only by sinple
operations, 10 excluding nost part of |abor- and tine-consuni ng
sanpl e QBN% ]atlon in the general anal yses, but using, as the
tenpl ate fragments, cDNA obtained as a reverse-transcription

pr oduct from nQHbC QH%éUdé€&§Hb8NAmeéHEH%}E%ﬁé@&QEQ'QPDN%‘JN%lns,

pr esent |nvent|on fere i s provided a nethod i fying DNA

chal s, aiichyt nehgdeéem%m@ I N8 REh régftssfﬂ%g% ealoas@hl QL LI On

a substrate aving on the sur a po subst ance whi ch

t .
contai ng;a lz{%)&/ dgg'pﬁtﬁf@%wgg“ [gggdg%l ved, & gomva %Olmogp@%%tlege

conposi ng t phosphol 1 pid, and a second

uni tg ha@ﬂ%héhf?#?%éy ic acid-derived group configured by an
el ectron-attract substitutive group bound to a carbonyl group,

heating agpgaction system having introduced therein a 25 sanple
containing tenplate DNA fragnments or tenplate RNA fragments having

desi 1 ed sequeﬁgeémgncsm%rsavtsism fon ¥ ohai f &l ongatiio 8 ciion

nucl eoti de nononers, up to-a tenperature causing t unf ol di ng

of the %;&Q aL ps (ernetf@ﬁ%%loo@%eémswﬂégm@fc@&@&ot ng@a%r@&wessm

her ei na cooling the reaction system wn to eraturée for
profiling and can proceed it only by simple coperations,

i0 excluding most part of labor- and time-consuming sample
preparation in the general analyses, but using, as the
template DNA fragments, cDNA obtained as a
reverse—-transcription product from genomic DNA or total RNA.

[0017]

15 According to the present inventicon, there is also
provided a method of amplifying DNA chains, which includes
immobilizing 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

20 phosphoester composing the hydrophilic section of a
phospholipid, and a second unit having a carboxylic
acid-derived group configured by an electron-attractive
substitutive group bound to a carbonyl group,

heating a reaction system having introduced therein a

25 sample containing template DNA fragments or template RNA

fragments having desired seguences, an enzyme system for DNA

chain elongation and nucleotide monomers, up to a temperature



annealing (referred to as "annealing tenperature", 5 hereinafter);

all owi ng el ongation reaction of the DN@,chains to proceed in the
reaction system allowing thernmal unfolding of the DNA chains to
proceed; and 10 allow ng annealing, elongation reaction and thermal
unfolding to proceed if necessary, wherein all of these processes are

al | owed Lo o aede i 1 6, SATE s AW Bhaseusyshemn 0018}e 15 Bk o as

|nnDb|I|Z|ng the prinmers to a predeterm ned substrate, by annealing

the primepepidh hReeMPla! ¢ohNe 1L aguRat S, of o s B sy di 21 ng the

t enpl at ragnents, so-as procee al n el ongation

reaction in t@balwg[ htgmgepgﬁ%o 7B TR ALl d Mo PEOGERA o

after the reaction ate 2 agnents or te

fragnmen rel o] k b Jgpgé A the
substra%ﬁﬁ%5¥#§§kzggﬁnggr%ﬁqul%Nﬁe g??&n #ﬁ@i£% gﬁited froﬁ1the
priers,r i the substrate, and the tenplate DNA fragnents or
thegfenp g%gjﬁﬁﬁa ?Ragnents form doubl e-strands with unreacted

rinmers in 25
Ehain el onga ﬁgangﬁ%ggﬁﬁﬁg gr1%§2E2§C§g¥gﬁ% es t%gﬁﬁﬁi gﬁpyéoceed

a”pl'fy%H?F$H§C£é8EtQQ§?d g?F%gg MPEC process. Y P 8 [0019]

Al t houg as conventi on )een necessary for a
allowing thermal unfolding of the DNA chains to proceed;
and
10 allowing annealing, elongation reaction and thermal

unfolding to proceed if necessary,
wherein all of these processes are allowed to proceed
in the same liguid phase system.
{0018]

15 By immobilizing the primers to a predetermined substrate,
by annealing the primers with the template DNA fragments, or
by hybridizing the template RNA fragments, so as to proceed
DNA chain elongation reaction in this way, and by allowing
thermal unfolding to proceed after the reaction, the template

20 DNA fragments or template RNA fragments can be released from
DNA forming double strands on the substrate, while keeping
the single~strand DNA elongated from the primers remained on
the substrate, and the template DNA fragments or the template
RNA fragments form double-strands with unreacted primers in

25 the next annealing, to thereby proceed the next DNA chain
elongation. Repetition of this cycle enables the DNA chain

amplifying reaction based on the MPEC process.



washi ng process to renove the DNA fragnents or RNA fragnents which .
have not been incorporated into the double strand, there 5 are no DNA
fragnments nor RNA fragnents non-specifitally adsorption to the
substrate, and this is supposedly contributive to effectively

proceed the enzynatic reaction involved in the DNA chain el ongation,
maki ng |H %6ﬂp necessary to wash the substrate before the
eIongatlon eaction. [0020] Although the conventional procedure,

i nvol ving the h@‘i’x‘ gla@{’aitpgq GESSESvEh Qyoq{éfli el H\@ég's%%’ryanflor a

el ongation un er addition enzyne an nDno rs, was such

al | ow ”%a%ell?%b%%gl:é%%' @, ang, 4 he @BQ”Sﬁh @R tQ”OEORﬁhog?%%tﬂéhts

separat e 1 qui ases, the present 1 nvention es it possi
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group, phospho ycero group, osphat i sphor
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chain involved in the DNA chain elongatiocn, making it no more

necessary to wash the substrate before the elongation

10 reaction.

{00201
Although the conventional procedure, involving the
individual processes of hybridization, washing, and
elongation under addition of enzyme and monomers, was such

15 as allowing the hybridization and the elongation reaction to
proceed in separate liquid phases, the present invention makes
it possible to proceed the hybridization and the elongation
reaction in the same liguid phase.

[0021]

20 In this method of amplifying DNA chains, the group
derived from phosphoester contained in the first unit of the
substrate may be any cone of phosphoryl choline group,
phosphoryl ethanolamine group, phosphoryl serine grocup,
phosphoryl inositol group, phosphoryl glycerocl group, and

25 phosphatidyl phosphoryl glycercl group.

[0022]



anplifying reaction can now proceed in am environnent simlar to the
intracel lular one. The DNA chain anplif§cation can 5 therefore be
proceeded under nore mlder conditions.” [0023] According to the
present invention, there is provided a microarray for DNA chain

el ongati on which includes a substrate having on the surface thereof

a pol ymer SUbﬁba%ﬁgvl%i‘gg %Fﬁ £QRLAIYSnantl éﬁ%%&t tB?ﬁ!ﬁBQp%cQer’gS‘a?daonto

derived froma ospho conposi ng the rophilic section o

phospholiipi d;,, aRG - $eConde Uk, Navi g ﬁncq{r?agﬁé’%v%?dt a0 d- gehi Vot in

group configured by an electron-attractive s ive group bound
to a car | - jmer.s. f e td.on: | i].i :
O R N T Rk L e
prinmers.to r r1g b te, n i I 4 AL
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y a t he

way, an ow ng ‘thermal unfolding to proceed after
reaction,[0 %fenpl ate DNA fragnments or tenplate RNA fragnments can

be rel eased from DNA form ng double strands on the substrate, while

keepi ng 25 thﬁc@o’l‘lﬁ%@%éggh%zﬁé%gﬁ%} ﬁ%ﬁér‘?@‘ibﬁ? Qrﬂ@?%fi,‘éﬁgg"ﬁ"feidded

on the substrate. 0 as conventi ona

necessary f.0r, 8- pashj g, pr 9gesT .0 £ emeye Jhes DNA, fragment s 1 o RNA

fragnents
substrate having on the surface thereof a polymer substance

i0 which contains a first unit having a group derived from a
phosphoester composing the hydrophilic section cof a
phospholipid, and & second unit having a carboxylic
acid-derived group configured by an electron-atiractive
substitutive group bound toc a carbonyl group, and

15 primers for DNA elongation immobilized onto the surface
of the substrate.

[0024]
By immobilizing the primers to a predetermined substrate,
by annealing the primers with the template DNA fragments, or

20 by hybridizing the template RNA fragments, so as toc proceed
DNA chain elongation reaction in this way, and by allowing
thermal unfolding to proceed after the reaction, the template
DNA fragments or template RNA fragments can be released from
DNA forming double strands on the substrate, while keeping

25 the single-strand DNA elongated from the primers remained on
the substrate.

[0025]



whi ch have nhot been incorporated into the double.strand, there are
no DNA fragnents nor RNA fragnents non- @pecifically 5 adsorption to
the substrate, and this is supposedly ontributive to effectively
proceed the enzymatic reaction involved in the DNA chain el ongation,
making it no nore necessary to wash the substrate before the

el ongat on  rgaetion.;, 10199201 ALy baualh ey Gonvert | ppal araspdice. <

i nvol ving the dua rocesses o zation
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phosphoryl gl'ycéerol grou rovi di hg an environ
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reaction.
10 [0026]

Although the conventional procedure, involving the
individual processes of hybridization, washing, and
elongation under addition of enzyme and monomers, was such
as allowing the hybridization and the elongation reaction to

15 proceed in separate liguid phases, the present invention makes
it possible to proceed the hybridization and the elongation
reaction in the same liquid phase.

[0027]

In this microarray for DNA chain elongaticn, The group

20 derived from phosphoester contained in the first unit cf the
substrate may be any one of phosphoryl choline group,
phosphoryl ethanolamine group, phesphoryl serine group,
phosphoryl inositol group, phosphoryl glycercl group, and
phosphatidyl phosphoryl glycerol group.

25 [(0028]

By providing an environment similar to phospholipid onto

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



and this also contri butes to abolish the washing process. The DNA
chain anplification can therefore be pﬁgceeded under nore 5 mlder
conditions. [0029] According to the present invention, it is mde
possi ble to produce double strands by allow ng the el ongation
reaction of DNA chains to proceed on the DNA microarray, and then to

i ot oar Py oyt R b 8] a1 gL BAER BEASH BT O TP TPE BRAW &S O

[0030] é%OTJLeed?‘bloéf.eaﬁngn%f}gaenﬁgh%cgiﬁaﬁda@ng@gsﬁea@%tfﬁecfegi@31%& one,

'([jhe present” invention wll nore apparent fromthe follow n
escription [ ' ' i : I d '
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used in_t fir iment; 25 FIG 3 is a drawing showng a state
of g’nnegt1 ﬁgige%fééna{lgﬁgc}lg%é DNA to the primer on the DNA m croarray;

12 FlIG §0i2‘°9]a drawi ng showi ng a state of the elongation reaction of
t he DNAé ainon the prinmer; FIG 5 is a drawing show ng a state of

unfolding of ARe . Jfith talte Ho4PlEsahiaRth Al ohhe: €l 280ALRNpossinle
to produce double strands by allowing the elongation reaction
of DNA chains to proceed on the DNA microarray, and then to

10 keep single strand DNA remained on the substrate of the DNA

microarray by thermal unfolding.

BRIEF DESCRIPTION OF THE DRAWINGS
(00301}

15 The above and other cobjects, advantages and features of
the present invention will be more apparent from the following
description taken in conjunction with the accompanying
drawings.

[0031]

20 FIG. 1 is a flow chart showing a method of amplifying
DNA chains according to a first embodiment of the present
invention:

FIG. 2 is a drawing schematically showing a part of a
DNA microarray used in the first embodiment;
25 FIG. 3 is a drawing showing a state of annealing of a

template DNA to the primer on the DNA microarray;



5 FIG 6 is a flowchart show ng a nethod of elongating DNA chains
according to a second enbodi nent of thﬁ present invention; FIG 7 is
a drawi ng showi ng an exenpl ary applica “on of the second enbodi nment ;
10 FIG 8 is a drawi ng showi ng an exanpl e of conventional gene
expression profiling; FIG 9 is a drawi ng showi ng anot her exenplary

application gf.the Siescogdd?%&q{'%é’gggﬁ?%ya@ %t;’?ei oY a{@%@gngation

showi ng still anot her ‘exenpl ar tion of the second

embod moat, . BEST WEDES FOR GARRY NG SLIT.THE LNVENTION - [ 0022

Enbodi ménts o rese I'nvention w |l detail'ed 20 bel ow.

0033 Fi nbadi; t I L nal i
[0033] * (Fi1sprRmbadinent )y B nd LioaitHow chalde showtng RraGeiu £5: ne

of the nethod “of anplifying al ns irst e i ment”

of the method’ of anp “chal 17 st embodi ment
for DAL i 06t Sk TTer or 7ea ] 0 Ske™ i1 e 5% PORGi haf CF). OnTb 2

subsgfrate havipg on tihﬁa%%ﬁ%%e &?a&hgﬁq%fefi@g P9l yuen sbstanee which, o

contains a first unit ing a group derived froma phosphoester

CONposi pg %Mfééogwdfdiﬁs%i on, of éo%ose%%éfup_iu%mafkgf 2 §eCUM sent
unit having a ~carboxylic acrd- eri ved group configured by an 5
electrogggégggghge substitutive group bound to a carbony

FIG. 7 is a drawing showing an exemplary application of
the second embodiment;
10 FIG. 8 is a drawing showing an example ¢f conventional
gene expression profiling;
FIG. 9 is a drawing showing another exemplary application
of the second embodiment; and
FIG. 10 is a drawing showing still another exemplary

15 application of the second embodiment.

BEST MODES FOR CARRYING OUT THE INVENTION
[0032]
Embodiments of the present invention will be detailed
20 beliow.
[0033]
(First Embodiment)
FIG. 1 is a flow chart showing procedures of the method
of amplifying DNA chains as the first embodiment.
25 The method of amplifying DNA chains is such as
immobilizing primers for DNA amplification (referred to as

"primers", hereinafter) onto a substrate having on the surface



group (step S10) ; heating a reacti.on systenlhaving i ntroduced
therein a sanple containing tenplate DNA fragnents or tenplate RNA
fragnments havi ng desired sequences, anlénzyne system for DNA chain
el ongati on and nucl eoti de nononers, up to a 10 tenperature causing
t her mal unfolding of the DNA chains (referred to as "thermnal

unf ol di pg s 'H’Pra%%‘i}me %&@%@)wh&ﬁ@!}oﬁ%@ ns %0?' i g (e + . haying

reaction sys emd erature annea |ng referre

el ongat Fo: PERLEE 2t ’fr&’i B&%%@E%%né*?%%"s?ﬁn? LB B yaropnitic
system ( t%%%?‘)%g) 22 00 DYITR] LALOL dl&@cgﬁdt%l%g@%@sato

proceed (step ng anneallng ongation reaction and

t her mal ?ugkﬁ%d ng %% Q{Q§§§9v Qgggﬁ Ilome epetilyi ¢ eJI ,Step S40 to

step s60 ese processes 0 proc in 20 the

samg |i %g'edo r%amt eagl‘i;QO%LosemmeS e%@gnﬁga Gca%boanayl

pri ifer rcatron 1s i mobbili to the sur%ace of

bstrat 5 T f
Sont| yabig el (g %0130‘301 e, 2yhtage: of UbS 1318 Us b PPRE! Mok s oduced

ner Ssu S ance alns a first uni

havi ng th]é]:‘r 11.1'1 af s%‘fln 13 8 ?&paldrﬁ ho? %9?1: g%:?gg?oﬁe t§%@9§h@ﬂate

t he hydrophi geCtion ¢ un|t havi

a  carbgxyl 'f%a%%edﬁesrhx%n%r QMR ; £ 831 d8 QR A8 SuLface, ther sfg,fstem for

DNA chain elongation and nucleotide monomers, up to a
10 temperature causing thermal unfolding of the DNA chains
(referred to as "thermal unfclding temperature", hereinafter)
(step 830); coocling the reaction system down to a temperature
for annealing (referred to as "annealing temperature"
hereinafter) (step S40); allowing elongation reaction of the
15 DNA chains to proceed in the reaction system (step S50);
allowing thermal unfolding of the DNA chains to proceed (step
S60); and allowing annealing, elongation reaction and thermai
unfolding to proceed 1if necessary (repetition of step 5S40 to
step S60). All of these processes are allowed to proceed in
20 the same liguid phase system.
[C034]
In step $10, as shown in FIG. 2, a primer 14 for DNA
amplification is immobilized onto the surface of a substrate
12.
25 [0035]
The surface of substrate used herein is configured so

that a polymer substance, which contains a first unit having



[ 0036]., 5 The pol ymer substance, containing the first unit having a
group derived from a phosphoester conpgsing the hydrophilic section
of a phospholipid, and the second unit ﬁaving a carboxylic

aci d-derived group, is a polymer having both properties of
suppressi ng non-specific adsorption of the DNA 10 chai ns, and of

aloving | TGl Lizaon AfoANe BNALGHALES.. J B o 0B Li 6Wl ahe ADR-GE0HR 1o

contai néd”irn the first uni roup

ont at | . d he ( o
phosp 0%%@%& ﬁgg;:gp Msams% %,!ngS%Ctggg?ﬂh B 8}999% gate

plays a’role o Ssi ng non-specific adsorption o he'te

DNA f t . t i |.d- I ved tal i
the second Aty bl 35505 o o of FrouPeat 5 riman: [ 15 p RS DrTaa T
Mor e sp?%k{§§ﬁle, the primers are inmobilized onto the surface of

t he substrate,” through a coval ent bond forned at the site of a

car boxyli ¢ aCEgédgcroi[l\ég%w]grso#gseg%n%eCO%toir}ncganglsxﬁé gg%?g?@:t %Qlioc;] gf/a{lﬁigng

pol ynmer subst ance: I'rst” uni ured as

L ST ST TR L e ROh R R

as acryl oyl oxy oline

6'”Etha%EyH9%+8XX%eé¥kHQ$§§P%ﬁ%§5ﬁ90'%H?hgﬂﬂypéecond uni hgg%ﬁqnﬁ

(neth)acrﬁioy oxyal Koxya pho oty I he groups suc

h | oyl h | ph h i . .
acry! oy.9 o4 9§%e%2%49-839 %%%%g%ﬁ%%%?ecq{qypg%%&g&%g %%glrm; both

10-nethacry‘%§¥oxyet oxynonyﬁ olin
o Kery! RISy sohB! L IE 1 HPB0 516,25 Y BROSRURIY 3 1O e o
10 chains, and of allowing immobilization of the DNA chains. 1In
particular, the group contained in the first unit, and the
group derived from a phosphoester composing the hydrophilic
section of a phospholipid plays a role of suppressing
non-specific adsorption of the template DNA fragments, and
15 the carboxylic acid-derived group contained in the second unit
plays a role of chemically immobilizing the primers. More
specifically, the primers are immobilized onto the surface
of the substrate, through a covalent bond formed at the site
of a carboxylic acid-derived group of a coating layer composed
20 of the polymer substance.
[0037]

The first unit may be configured as having a group such
as (meth)acryloyloxyalkyl phosphorylcheoline groups such as
2-methacryloyloxyethylphosphoryl choline group,

25 6-methacryloyloxyhexylphosphoryl choline group;
(meth)acryloyloxyvalkoxyalkylphosphoryl choline groups such

as 2-methacryloyloxyethoxyethylphosphoryl choline group and



hexenyl phosphqryl choline group, octenyl phosphoryl .choline 5 group,
and decenyl phosphoryl choline group; having a phosphoryl choline
group contained in these groups. [003 F O these groups,

2- met hacryl oyl oxyet hyl phosphoryl choline is preferable. By conposing
the first unit as having 10 2-nethacryl oyl oxyet hyl phosphoryl

chol | 1oy oL 15 100 BUEL L6 BESALRL o001 I LEBLTLcc P LA lo: ga
TEer gabA9 AL § e, BOSRIOL M6 0 0010 Y S
chove, SR IAIREPERLAL CIoLLOe 3ot TR0 [apLeord iofle
PhoSPHO YL SSIPSAL 8L BT, SXBESRTRD pYoLBl D (6), eBEl 0o PPOSBG e
0 oup SXREICT R LA CRL o and ApsolalL ) plgsdonyl
OGS T IR R R T
[0038]
Of these groups, 2-methacryloyloxyethyiphosphoryl
choline is preferable. By composing the first unit as having
10 2-methacryloyloxyethylphosphoryl choline, the non-specific
adsorption of the template DNA fragment onto the surface of
the substrate can be suppressed in a more strict manner.
[0039]
Although the phosphoryl choline groups having a basic
15 skeleton expressed by formula {a) below were exemplified in
the above, the phosphoryl choline group mey be replaced by
the phosphoryl ethanolamine group expressed by formula (b)
below, phosphoryl inositol group expressed by formula (c)
below, phosphoryl serine group expressed by formuia (d) below,
20 phosphoryl glycerol group expressed by formula (e) below, and
phosphatidyl phosphoryl glycerol expressed by formula (f)
below (the same will apply also to the description
hereinafter).

[0040]

25 (Chemical Formula 1)



OH (a) OH(b) OV O ,,OP- Ofl | OH- 0 - P - QOCH2CH000 .OH HO (C)

l 1 HOOH NWH3 (d) OH OH OH | CHZO-l%‘HZ- p- ~ P-OCH2 0 CHOCOR p
CHOHO CHOH Il 111 11 -0 -P- OCH - & - OCH2 CH2OCOR 2 1 (H (e)
OH (f) [0041] The carboxylic acid derivative is a substance having

an

activated carboxyl group of a carboxylic acid, and is a 5

car boxylic acidi havi ng a | eavi ng group band to C=O The carboxylic
aci d derivati is, nore specifically, a éorrpound havi ng a group of

hi gher el ectrow t hdrgw rty than the roup, as being
enhanced i® tHe nu cgdﬂﬂﬁtlﬁg%ui Vi Qy he @a&g@ﬂ]\zﬂéﬁaci d-derived
group is a compound 10 show,ng reactivi ti/ agai nst am n? s;woup, t hi ol
group, hydroxyDH group and s@¥ orth. [ 0042H b

10

15
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| O
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OH HO (c) ! |
| HO OH NH, (d)
OH
OH CI)H
CH,OH (2 0T RTOLH:
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I | l
|
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2 |
1
OH O) OH \

(0041]

The carboxylic acid derivative is a substance having an
activated carboxyl group of a carboxylic acid, and is a
carboxylic acid having a leaving group bound te C=0. The
carboxylic acid derivative i1s, more specifically, a compound
having a group of higher electrowithdrawing property than the
alkoxyl group, as being enhanced in the nucleophilic
reactivity. The carboxylic acid-derived group is a compound
showing reactivity against amino group, thiol group, hydroxyl
group and so forth.

[0042]

The carboxylic acid derivative can further specifically

be exemplified by compounds in which the carboxyl group(s)

of carboxylic acids, such as acrylic acid, methacrylic acid,



The carboxylic acid derivative can further specifically be R
exenplified by conmpounds in which the carboxyl group(s) 15 of
carboxylic acids, such as acrylic acid}7nethacrylic acid, .11 11 P
17 crotonic acid, nmaleic acid, fumaric acid and the |ike, are
converted into acid anhydride, acid halide, activated ester,

act i vat 68 TURC aBPVEA 1T DiELT Conp oINS L b B 'r%é%dh%@%"ﬂ&'ﬁi o
H‘ELS?L“%JE% Yo PSSR SeeaE A e Pale EEROER L MO R e v oot
cxpr ot By A hBOT BT (1) TBEl dt “L004aS o Aar or é}d"ﬂfr&%d
| cav ngPEER LR A il G Ry oS o bser [Oe hn%%r'g shags and
Ph or olipe 51 LR ba SR | REGa U XEkY SE50 R 1 R S FEAT a2 R “and ?2)

bel ow. 20 [ 0 6$henyl group and N—hydroxysuccznimide; halogens such
as -Cl and -F; and so forth.
[0043]
The carboxylic acid-derived group may be a group
10 expressed by the formula (1) below.
[0044]

{Chemical Formula 2)

C—A
| (1)
O

(where, in the above-described formula (1), A is a leaving
15 group excluding hydroxyl group.)
[0045]

A monovalent group expressed by the above-described
formula (1) may be either of the groups selected from those
expressed by the formulae (p) and (g) below.

20 [0046]

(Chemical formula 3)



(Chemcal formula 3) p P18 - GCGOCRLII (p) O0- GCGONRII (gq) O

[ 0047]

(where, in the above-described formul ae (p) and (q), each of

R1 and R2 independently expresses a nofhéval ent organi c group 5 which
may be any of those of linear chain, branched and cyclic ones. In

t he above-described formula (p) , RL may be a divalent group capable
of forning a ring together with C. In the above-described formnula

(q) ., QLyQtﬁgﬁ group capable formng a ring together
mnth N. ) 1OE%004 group expressed by the above-descri bed

formul a
(w) be|OM/C n be exenplified.

t hose expressed Qcall by the formulae (r), (s) and
he group expressed by the

above-descr(Qe fornula (q), the group expressed by the fornmula 15
(u) below can be exenplified. [0049] The groups expressed by the
above-described formula (1) may typically be any one of groups
derived fromacid anhydrides expressed typically by the formula (r)
and the fornmula (s) 20 bel ow, group derived fromacid halide

expressed b@ Lhe@or_quQz

10

15

20

| (a)
O

[0047]
{(where, in the above-described formulae (p) and (q), each of
R’ and R? independently expresses a monovalent organic group
which may be any of those of linear chain, branched and cyclic
ones. Inthe above-described formula (p), Rimaybeeadivalent
group capable of forming a ring together with C. 1In the
above-described formula (g), R°may be a divalent group capable
forming a ring together with N.)
[0048]
As the group expressed by the above-described formula
(p), those expressed typicall by the formulae {r), (s) and
(w) below can be exemplified. As the group expressed by the
above-describe formula (qg), the group expressed by the formula
(u} below can be exemplified.
[0049]
The groups expressed by the above-described formula (1)
may typically be any cne of groups derived fromacid anhydrides
expressed typically by the formula (r) and the formula (s}

below; group derived from acid halide expressed by the formula

%



-1 1PP,19 (t) below, groups derived fromagtivated esters

expressed by the fornmula (u) and the formula (w) below, and group
derived from activated am de expresseé9by the formula (v) bel ow

[0050] 5 (Chenmical Fornula 4) Il O(r) (s) _Yd (t) 00O0OO0O0(W
YNMNNMO-Q ~Y o 0 aNX [0051] O the carboxylic acid-derived
groups, e.activated ester group J referahly used by _virtue of

its excé%peﬁ? "o Th°the ggacW?én%f%ﬁd%?%ﬁW%;%%ﬁﬁ?%?%ﬁs?x %gﬁﬁ %]Oy

Sood 12 FERPTRCITE BT 1) B0 QA i
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inthis [%%%ﬁfflcatlon is not strictly specified in the definition

5 (Chemical Formula 4)

\H/O ") YOT(“\ (s) YCl ®
O O O

o O
0
\’fO“N (W NFM:\ N W) (w)
0 DG \”/Q@
O O © NG,

[0051]
Of the carboxylic acid-derived groups, the activated
ester group is preferably used by virtue of its excellence
10 in the reactivity under mild conditions. The mild conditions
can be exemplified by neutral or alkali conditions,
specifically expressed by pH7.0 or above and 10.0 or below,
more specifically pH7.6 or above and 9.0 or below, and still
more specifically pH8.0.
15 [0052]
The "activated ester group” specified in this
specification is not strictly specified in the definition
thereof, but the term is generally used as a technical

expression in the fields o¢f varicus chemical syntheses



thereof, but the.,termis generally used as a technical expression in
the fields of various chem cal synthes§§ 20 i ncluding pol yner

chem stry and peptide synthesis, as i Adicating ester groups having
any highly acidic electrow thdrawi ng group on the al cohol side of
ester group, and capable of activating nucleophilic reaction, that
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known as the “activated éster gro aving far her teactivity as
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herein wil "1 ~the case ere e activat car boxy
acid de%h%?“f@%ﬁﬁg?? WﬂK&helg%%xm%ﬁblished by Maruzen Co., Ltd., the

10 activated ester process is used as one method of activating
the C-terminal of amino acid or peptide.
[0053]
In practice, it is an ester group having an
electrowithdrawing group on the alcohol side of ester group,
15 and is activated to a degree larger than alkyl ester. The
activated ester group has a reactivity against groups
including amino group, thicl group and hydroxyl group. S5Still
more specifically, phenol esters, thiophenocl esters,
N-hydroxylamine esters, cyanomethyl ester, esters of
20 heterocyclic hydroxyl cecmpounds and so forth are known as the
activated ester groups having far hicgher reactivity as
compared with alkyl esters or the like.
[0054]
The explanation herein will be made on the case where
25 the activated carboxylic acid derivative group in the polymer
substance is the activated ester group. p-Nitrophenyl group,

N-hydroxysuccinimide group, succinimide group, phthalimide



substance is the activated ester group. p-N trophenyl group, .

N- hydr oxysucci ni m de group, succininidg group, phthalimde wyY 21
group, 5-norbornene-2, 3-di car boxi m de fd so forth can be

exenplified as the activated ester group, wherein p-nitrophenyl
group for exanple is preferably used. [0055] 5 For the substrate, on

the Sur%@a@gﬁ @@thH QEEQEE%—qﬁéthQQﬂHEQE!E%@ge6ifHEEﬂe%an be
exanpl e of co of t

speci fi i nation e first unit and the second

unit g Ao o bhal d ho TLESL MnELg cOntAl i PguR, Orapc der ved

froma pho oester conposing t ophilic”section of a

phospholj_pi. 2- cryl.oy thyl. | roup,

and tha% tJgjrggﬁféggééfgé?grfé?gd%g%%ﬁé?%f%?ggﬁgg%%%ﬁfgﬁp#Q%é%SG]

The polyg?bsﬁﬁbstance used for a coating layer on the substrate of
[

this enb ment may contain other group, besides 15 the group

derigved from ﬁogh% %gﬁgfrg%!épo%{;gcﬁéeTe¥%%%hidfm%f&hi eﬁgofpﬂmers

phosphol i pid and car i ¢ acid. he pol yner substance nay be a

copol ymgr;.; lNB%eiﬁﬂg%iiflLiﬁ% {i}’ 2 £8P g %’éeE?é c SHhst %ﬁﬁﬁlpilse -ef ShARING B on

copol ynmer cont ai ni ng met hacry group. I's configuration

mekes the 2!:3169.0£¥EFKI: %}&Z\E a06Q anhl OpLL.ahey ﬁ.}ﬁ‘%’ﬁrﬁg O%;S@QQ eRSY eS¢

a further desirable lev sorptivity e I subst ance

tothe synfdce, of the substnake d OPpdhy MY2 PPECELIGR!d YonbBBnoester
pol ymer “subst ance fay be a
composing the hydrophilic section of a phospholipid, has
10 2-methacryloyloxyethylphosphoryl choline group, and that the
activated ester group is p-nitrephenyl group.
[0056]
The polymer substance used for a coating layer on the
substrate of this embodiment may contain other group, besides
15 the group derived from a phosphoester composing the
hydrophilic section of a phospholipid and carbexilic acid.
The polymer substance may be a copolymer. DMore specifically,
the polymer substance is preferably a copolymer containing
butyl methacrylate group. This configuraticn makes the
20 polymer substance appropriately hydrophobic, and ensures a
further desirable level of adsorptivity of the polymer
substance to the surface of the substrate.
[0057]
More specifically, the polymer substance may be a
25 copolymer of a first monomer having a 2-methacryloyloxyethyl-

phosphoryl choline (MPC) group, a second monomer having

p-nitrophenyloxycarbonyl polyethylene glycol methacrylate



25 copol yner of a first nmononmer having a 2-nethacryl oyl oxyet hyl - .
phosphoryl choline (MPC) group, a seco nmononer havi ng

p- ni t rophenyl oxycar bonyl pol yet hyl ene 8 ycol nethacrylate 22 (NPMA)
group, and a third nononer having a butyl methacrylate (BMA) group.
A copol yner of these nononmers pol y(MPC-co- BVA- co- NPMA) (PMBN) can

[Sgggg?t i((%?gn%y)c%er%%é% *Za%j %E%Q%@%gﬁgﬁ?gﬁ%%&g?'ﬁ&?%ryéaote
O=0 O oN - (2
| QESAGHBTPACHZCIRN, { C3) 3 LCRORORA, 0L CHIORO) " CO g N03 - O

2- MET EFHYLP YL BUTYL METHACRYLATE P-
VETHACRIUATE. | KA TBUSST [ The. Shova descr Bed soncral  Torm a

2), ea 1 i e £X iti
i eger S fed B K e D B R P et T et 1o

t hi rd NMPRQERS S Mmay be copol yneri zed on the bl ock basis, or may
rané?on1y be copol yneri zed. [0060] 15 The copol yner expressed by the

above-dq(%ﬁrejnplegaggfﬁ_}%rﬁ[ul%ogﬁml a (2) is configured so as to attain

nore excel |l ent ance of Infnparting the polynmer substance with an
appropriate
CH, CH, CH,

HCE, €Clr ¢ ¢CHr (% (2)
p=0 ¢ r=0 =0 ?
OCH,CH,0POCH,CH,N'CHy), ~ OCH,CH,CH,CH, O(CH,CH,O},,CO—@-N(),

4
2~ METHACRYLOYLOXYETHYLPHOSPHORYL BUTYL METHACRYLATE £— NITROPHEMYELOXYCARBONYL
CHOLINE {(MIPC) (BMA) POLYETHYLENE GLYCOL
METHACRYLATE (NPMA)
[0059]

In the above-described general formula (2), each of a,

10 b and ¢ independently expresses a positive integer. 1In the
above-descried general formula (2), the first to third
monomers may be copolymerized on the block basis, or may
randomly be copolymerized.

[0060]

15 The copolymer expressed by the above-described general
formula (2) is configured so as to attain more excellent
balance of imparting the polymer substance with an appropriate
level of hydrophcbicity, a performance of suppressing
non-specific adsorption of the template DNA fragment, and a

20 performance of immcbilizing the primers. For this reason, by
using thus-configured copolymer, it is made possible to cover
the surface of the substrate with the polymer substance in

a more exact manner, and to immobilize the primers in a more



| evel of hydrophobicity, a performance of suppressing non-specific
adsorption of the tenplate DNA fragneng and a 20 performance of

i mobilizing the prinmers. For this rea 8n, by using thus-configured
copolymer, it is made possible to cover the surface of the substrate
with the pol yner substance in a nore exact nmanner, and to immbilize

the priggrs i p-g0F§ 123y isa&}]ca%m@w@gﬁangﬁtﬁgy@b@n&nE@%&@e them

thereby i ntroduce them onfo the substrate, while suppressing

non- speghfico - AdsonpLi-an. . Of ifier b o/l 2t e ONA J HRUMEIK Sc 0Bk Sh8orption

substrate having t pol ymer substance coated thereon. 5 [0061] The
copol yner. t = rd e a :
be. obt arted By ol g the o, vi Ba Gronarere 6 U | BUR and NER, e

accordi ng 1t.g, apyQubld £l ¥e kpgun Jethed. ef, pol yneri zation, such as

radi cal “pol'yneri zation. For the 10 case where the copol yner expressed
by the a?@b%n9pscribed general formula (2) is prepared by radical
pol yneri zation, solution polynerization my be proceeded in an inert

gas at m)sphegggslﬂ%%oﬁgv{%roéxgg%éé:éﬂﬁ’elfy‘m@‘?é Q}fE‘%@p—‘%{@é F€bed general

condi tion of or “above and 90C or ow. 15 [0062] Sol vent adopted

to the sl ufion ggi yﬁﬁig@%@@?ﬂ%d g&pﬁ&wﬂr@é el %&ﬂr@ah@@ NONomers

wher ei n any one a plurality organit solvents, including

| hol t t i 1.
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di et hyl er,’ oform” na used ependently or in

combi nableono NHfEr 1 9BRAJA FA h¥n 88 §o PEXEIpBAINRNL: £E e bt Iror the
10 case where the copolymer expressed by the above-described
general formula (2) is prepared by radical polymerization,
solution polymerization may be proceeded in an inert gas
atmosphere such as Ar or the like, under a temperature
condition of 30°C or above and 90°C or below.
15 [0062]

Solvent adopted to the solution polymerization may
appropriately be selected, wherein any one of, or a plurality
of organic solvents, including alcohols such as methanol,
ethanol and isopropancl, ethers such as diethyl ether, and

20 chloroform, may be used independently or in combination. More
specifically, an 8:2 mixed solvent of diethyl ether and
chlorcoform may be used.

[0063]

Radical polymerization initiator used for the radical

25 polymerizationmay be any of those used generally. Applicable

examples include azo-base initiators such as azobis

(isobutyreonitrile) (AIBN) and azobis (valeronitrile):; and



chl orof orm,may be used. [0063] Radical polynerixzation initiator used
for the radical 25 polynerization nayzge any of those used
general ly. Applicable exanples include®azo-base initiators such as
azobis (isobutyronitrile) (AIBN) and azobis (valeronitrile); and 4 ~
24 oil-soluble organic hyperoxides such as | aur oyl per oxi de,
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havi ng a vol r

hours o r ]l. 10 This enbodi nent has descri bed an

exenpl a §§ca q%h%gggéx%e pol ymer substance has the third unit
contalnlng a4 utyl rmethacryl ate group, wherein, assum ng now that
t he poly ubst ance which contains the first unit having a group
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15 phosphol i pi e un|t car boxylic
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[0065]

10 This embodiment has described an exemplary case where
the polymer substance has the third unit containing a butyl
methacrylate group, wherein, assuming now that the polymer
substance which contains the first unit having a group derived
from & phosphoester composing the hydrophilic section of a

15 phospholipid, and the second unit which contains a carboxylic
acid-derived group as a first polymer substance, the substrate
may contain, in addition to this, a second polymer substance
which contains a first unit having a group derived from a
phosphoester composing the hydrophilic section of a

20 phospholipid, and a third unit which contains a butyl
methacrylate group.

[0066]
The first unit of the first polymer substance and the
first unit of the second polymer substance may have the same

25 structure or different structures. For the case where the

above-described first polymer substance contains the third

unit which contains a butyl methacrylate group, the third unit



met hacryl ate group.. [0066] The first unit of the first pol yner
substance and the first unit of the s %ond pol ymer substance may
have the sanme 25 structure or different~structures. For the case
where the above-described first polyner substance contains the third
unit which contains a butyl nethacrylate group, the third unit 25 of

the first pply s%uﬁétlg% & ang.d &EQ'M@%& 19{')99‘3@?8%‘9 ¢ OIS 1 g

subst ance rray I'TE structure or ructures.
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tenplat% gﬁég g nts For exanple NPC pol ymer (fron1NOF
Cor poratio contai'ning 30 nol % of phosphoryl choline group and 70

nol % of Q 3@7 thacryl ate group can be used as this 10 sort of
pol ymer. F 6 For the case where the polynmer substance is conposed

of the aboveszdescribed. fhg:sétd psoéé/ Stz) e‘}lﬁggeé and t ges?goﬂ%ﬁdasa% a

pol ymer substance THese poI € configured
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of the Corporation) containing 30 mol% cof phosphoryl choline group

and 70 mol% of butyl methacrylate group can be used as this

10 sort of polymer.

f0068]

For the case where the polymer substance is composed of
the above-described first polymer substances and the second
peclymer substance, these polymer substances may be configured

15 as a mixture. The pclymers of the individual polymer
substances can be dissolved, for example, into ethanol
sclution, so that a mixed polymer can readily be obtained by
mixing the individual polymer sclutions.

[0069]

20 The substrate having a coating layer composed of the
above-described polymer substance(s) formed on the surface
thereof can be obtained by coating a ligquid containing the
polymer substance(s) onto the surface of the substrate formed
in a predetermined gecmetry, and by dryving the liguid. It is

25 also allowable to dip the substrate into a liguid containing

the polymer substance(s), and then tc dry the liguid.

[0070]



above-descri bed pol ymer substance(s) formed on the surface thereof
can be obtained by coating a liquid cogtaining the polyner

subst ance(s) onto the surface of the s Bstrate formed in a
predet erm ned geonetry, and by drying the liquid. It is 25 also
allowable to dip the substrate into a liquid containing the polyner

subst ance(s) AN e L dryp e, Lo e (09701, 25, Adgpuian, of e
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nerg
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10 emitting only & small energy of flucrescence can lower the
background level in the reaction for detecting the DNA chains,
so that the detection sensitivity can further be improved.
Linear chain polyolefins such as polyethylene and
polypropylene; cyclic polyolefins; fluorocarbon resins and
i5 so forth can be used as the thermoplastic resin less in the
energy of fluorescence emission. Of these resins, saturated
cyclic polyolefin is especially excelient in the heat
resistance, chemical resistance, low fluorescence emission,
ftransparency and moldability, suitable for optical analysis,
20 and preferably used as a material composing the substrate.
[0072]
The saturated cyclic polyolefin herein means a saturated
polymer obtained by hydrogen addition of a homopolymer having
a cyclic olefin structure, or & copolymer of cyclic olefin
25 and ao-olefin. The former is exemplifiedby saturated polymers
manufactured by ring-opening polymerization of

norbornene-base monomers represented by norbornene,

-



[0072] The saturated cyclic polyolefin herein neans a saturated
pol ymer obtai ned by hydrogen addition 2f a honopol yner having a
cyclic olefin structure, or a copolyner ‘of cyclic olefin 25 and
a-olefin. The former is exenplified by saturated pol ynmers

manuf actured by ring-opening pol ynerization of norbornene-base
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[ 0073] THe su rate conpose Ias er con
gg(r)]vged?lf;gé;g% ggl ¥ UQ%E%Ce%é n t,pﬁ lér fi Cé]?% %]ryt oo Eggr reof ,
y coa iqui d cont aini'ng the polyner su Stance
onto th%ﬁﬁgggﬁgegﬁlkheor may be copolymer or mixture of two or more
10 species thereof. It is also allowable to use not only
saturated cyclic polyolefins obtainable by ring-opening
poiymerization of monomers having a cyclic olefin structure,
but also a saturated cyclic polyolefin obtainable by addition
polymerization of monomers having a cyclic olefin structure.
15 [0073]

The substrate, composed of a plasticmaterial containing
the akove-described polymer substance in the surficial
portion thereof, can be obtained by ccating a ligquid
containing the polymer substance onto the surface of the

20 substrate formed in a predetermined geometry, and by drying

the liguid. It is also allowable to dip the substrate into

a liquid containing the polymer substance(s), and then to dry.
[0074]

When plastic is selected as a material composing the

25 substrate, the geometry of the substrate is not limited to

plate, but may be film or sheet, for example. More

specifically, the substrate may be a flexible plastic film.



20 substrate forned in a predeterm ned geonetry, and by drying the
liquid. It is also allowable to dip thg substrate into a liquid
contai ning the polynmer substance (s) , 8nd then to dry. [0074] Wen
plastic is selected as a material conposing the 25 substrate, the
geonetry of the substrate is not limted to plate, but may be film

o sheelnd Qrufxerple: oty 6. 0RRal{] Akl Hhe, SUbSTal EoBY e a8 or by

flexible plastic rate e confi gur a

single %ogﬂa?f$ié§ l(ﬁy c n@#ﬁ%ﬂ*%ﬁy-Of conmponents. [0075] Next

par agr aph ain a immbilizing 5 the prinmers onto
t he surfgggjg the substrate. For exanple, (i) the priners can be
i mobi lize oﬁ%o the surface of the substrate, by allow ng at | east

t of i t ; f . i i . .
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ester groups cont e poly stance on trate,” 10

to reeact i th fhe RridmRrs §8ea%\h°f%8émo“f°“éJh§”EuB%'%d§até9 t her eby

i mobi lize the prinmers onto the surface of the substrate, and then

(i) the primprs gan e 4 mpbj lized, onf o, st bensHLl A6 o0 18 d onto the
t ate

substrate by 1 nactivating e acti ester groups on the surface

of the substrale, Other [Ha0.thase 1}23*‘%‘61 E{QS B ”Péésjc”HD?eM@egf
by gt r

t hereon, that Is, I nactirvatin resi dual “activated est
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groups contained in the polymer substance on the substrate,
10 to react with the primers so as to form covalent bonds, to
thereby immcbilize the primers ontc the surface of the
substrate, and then {(ii) the primers can be immobilized onto
the surface of the substrate by inactivating the activated
ester groups on the surface of the substrate, other than those
15 having the primers immobilized thereon, that is, by
inactivating the residual activated ester groups.
Paragraphs below will explain the individual process steps.
[0076]
When the primers to be annealed with the template DNA
20 fragments are immobilized onto the substrate in the
above-described process step (i), it is preferable to adopt
amethod of spotting a liguid containing the primers dissolved
or dispersed therein. A part of the activated ester groups
contained in the polymer substance react with the primers,
25 so as to form covalent bonds with the primers.

[0077]



20 fragnents are inmobilized onto the substrate in.the

above-descri bed process step (i), it ? preferable to adopt a nethod
of spotting a liquid containing the pr fers dissolved or di spersed
therein. A part of the activated ester groups contained in the

pol ymer substance react with the primers, 25 so as to form coval ent
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process P%Qegll) after 10 the washi ng, the activated esters on the

surfgce plastic substrate, remained as having no priners
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As shown in the above-described process step (ii), after

10 the washing, the activated esters on the surface of the plastic
substrate, remained as having no primers immcbilized thereon,
are inactivated using an alkali compound or a compound having
a primary amino group.

[0080]

15 Applicable examples of the alkali compound include
sodium hydroxide, potassium hydroxide, sodium carbonate,
sodium hydrogen carbonate, disodium hydrogen phosphate,
calcium hydroxide, magnesium hydroxide, sodium borate,
lithium hydrexide and potassium phosphate.

20 [0081]

As the compounds having primary amino group, applicable
examples include glycine, 9-amino agquazine, aminobutanol,
4-aminobutylic acid, aminocaprylic acid, aminoethancl,
5-amino-2, 3-dihydro-1,4-pentanol, aminocethanethiol

25 hydrochloride, aminocethanethiol sulfate,
2-(2-aminoethylamino)ethanol, 2-aminoethyl dihydrogen

phosphate, hydrogen aminoethyl sulfate,



| it hi um hydr oxi de and.pot assi um phosphate. 20 [0081] As the conpounds
having primary am no group, applicable__exanples include glycine,
9-am no aquazi ne, am nobutanol, 4-am r?igbutyl ic acid, am nocaprylic
aci d, am noet hanol, 5-am no-2, 3-di hydro-1, 4- pent anol ,

am noet hanet hi ol 25 hydrochl ori de, am noet hanet hi ol sul fate,

2-(2-am j h -.amn hyl .dj hat e,
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ester group, on of

p-aminopropicphenone, aminophenylacetic acid, and

10 aminonaphthalene. Of these, aminocethanol and glycine are
preferably used.
[0082]
It is preferable that the primers to be immobilized onto
the substrate have an amino group preliminarily introduced
15 therein, for the purpose of enhancing reactivity with the
activated ester group. Because amino group is excellent in
reactivity with the activated ester group, adoption of the
primer having an amino group introduced therein allows
efficient and tight immobilization of the primers onto the
20 surface of the substrate. The position of introduction of
amino group may be at the terminal of the molecular chain ox
in the side chain, wherein introduction at the terminal of
the molecular chain is preferablie, in view of allowing more
efficient annealing with complementary template DNA
25 fragments.

[0083]



primer having an am no group ikntroduced therein allows efficient and
tight imobilization of the priners onhg the 20 surface of the
substrate. The position of introduction~of amno group may be at the
term nal of the nolecular chain or in the side chain, wherein
introduction at the termnal of the nolecular chain is preferable,
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surface of the substrate, that is, the DNAmicroarray 10 having

10 the primer 14 immobilized on the surface of the substrate 12
a shown in FIG. 2, can be obtained.
[00B4]
Referring now back to FIG. 1, in step 520, a sample
containing template DNA fragments 16 for DNA chain elongation,
15 to be anneaied with the primers 14 immobilized onto the surface
of the substrate 12 of the DNA microcarray 10 obtained in step
S10, an enzyme system for DNA chain elogation, and nucleocotide
monomers, 1is introduced. It is to be noted that similar
operations and effects can be obtained if template RNA
20 fragments are used in place of the DNA fragments, as
templatesused for DNA amplification.
[0085]
As the reaction system composed of thus-intrecduced
sample, an MPEC buffer containing nucleotide monomers (dATP,
25 dCTP, dGTP, dTTP, etc.) under the presence of either of DNA
polymerase or DNA ligase as the enzyme system for DNA chain

elongation, for the case where DNA fragments are used as the



mononers, is introduced. It is to be noted that simlar operations
and effects can be obtained if tenplate ,RNA 20 fragnents are used in
pl ace of the DNA fragnents, as tenplatésused for DNA anplification.
[ 0085] As the reaction system conposed of thus-introduced sanple,
an MPEC buffer containing nucl eotide nononers (dATP, 25 dCTP, dGIP,
dTTP, etGny, Undes Lhey RiegeRce D@&é@@&ég PNA 1 ROIYITES S @ cQfe LNA

| i gase as the enzyne system for chain elongation, for the case
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appllcable 10 [0087] At | east one species of the nucl eotide nononers

may be | abel For apphe, 3- v f eSELAGR
| abel at 3- poglffgﬁ‘%ﬁé Eg béggy%gég%%ggis ?%@Eﬁ%§|é€?.§§raﬁﬁﬂoners g

the Cy3:d| %?ﬁé?ab@smﬁf@Dﬁk @$¥Jﬁ99§s%néﬁE*§é %HyﬁﬁﬂlﬁﬂleWd¥%)

si de co onded t'o adeni ne In the tenplate DNA fragnents. By
this pro Rease: &fﬂgrD%pt rﬁsm@mesfaﬁgdug%qa‘é@mﬂ:eﬁl RId LS e Wi Ch ¢
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bacteria, are applicable.
10 (0087]

At least one species of the nucleotide monomers may be
labeled. For example, byusing Cy3-dUTP having a fluorescence
label at 3-position of the base of dTTP as the nucleotide
monomers, the Cy3-dUTP is inserted at positions on the

15 elongation (primer) side corresponded to adenine (A} in the
template DNA fragments. By this process, the DNA fragments
produced from the primers, which undergo the elongation
reaction, are dyed with fluorescence of Cy3-dUTP, ard the DNA
fragments become detectable.

20 [0088]

It is also allowable to label other nucleotide monomers,
or to label a plurality of species of the nucleotide monomers.
Besides introduction of the fluorescent substance, the DNA
chains can be detected alsc by introduction of photo-absorbing

25 substances, methods of radicactive labeling (P”-ATP,
p32_4ATP), non-radiocactive labeling such as enzymatic

labeling and so forth.



reaction, are dyed with fluorescence of Cy3-dUTP, and the DNA
fragnents beconme detectable. 20 [0088] Et is also allowable to |abel
ot her nucl eoti de nononers, or to | abef3a plurality of species of the
nucl eoti de nmonomers. Besides introduction of the fluorescent
substance, the DNA chains can be detected al so by introduction of
photo-ab%@r%gﬂp 25 substances, nethods of radioactive | abeling

(P32- ATP, B -'dATP), non-radioactive |abeling such as enzymatic
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(BCIP) solution for several hours.
10 [0090]

In step 830, temperature of the reaction system having
the sample introduced therein is elevated up to the thermal
unfolding temperature of the DNA chains (melting temperature:
Tm) or above, typically up to 90°C to 95°C. By the thermal

i5 unfolding, the template DNA fragments having a folded
structure which is found in auto-complementary chain and the
primers are stretched to give straight single strands.

[0091]
Next in step 8540, the temperature of the reaction system

20 is lowered to the temperature where the primers and the
template DNA fragments are annealed (annealing temperature),
typically down to 4°C to 65°C, and preferably down to 50°C
to 65°C. By the annealing, the primers having a segquence
complementary to a part of the template DNA fragments and such

25 template DNA fragments form double strands (FIG. 3). The
reaction system is directly brought into step $50, without

carrylng out washing.



[ 0091] Next in step S40, the tenperature of the reaction system 20
is lowered to the tenperature where thg prinmers and the tenplate DNA
fragnents are anneal ed (annealing tenp ?ature), typically down to 4C
to 65C, and preferably down to 50C to 65C. By the annealing, the
prinmers having a sequence conplenmentary to a part of the tenplate
DNA frag?sﬁbi and such 25 tenplate DNA fragnments form doubl e strands
(FIG 3) reaction systemis directly brought into step S50,
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phase, I% %Ep%ﬁonrdgion.%o proceed in an efficient manner, and makes

10 washing of the substrate nomore necessary. The hybridization
and the elongation reaction have been proceeded in separate
liquid phases, such that the individual processes are carried
out in the order of hybridization, washing, and elcngation
under addition of an enzyme and monomers, whereas in this

15 embodiment, the hybridization and the elongation reaction can
be proceeded in the same liquid phase, in other words, the
reaction system can be used without modification.

[0093]
In step S50, the temperature of the reaction system in

20 which the annealing was completed is controlled so as to
gradually elevate from the annealing temperature up tc the
thermal unfolding temperature. In other words, the
temperature of the reaction system is controlled as being
adjusted to a predominent temperature between the annealing

25 temperature and the thermal unfolding temperature, typically
at 65°C to 75°C. By contrelling the temperature of the

reaction system in this way, the elongation reaction of the



reacti on system can be used wi thout nodification. [0093] 1In step

S50, the tenperature of the reaction sggten1in 20 which the
anneal i ng was conpleted is controlled as to gradually elevate from
the annealing tenperature up to the thernmal unfolding tenperature.

In other words, the tenperature of the reaction systemis controlled
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to give g%yb étrmgd DNA (FIG 4). 5 [0094] Although the exenplary
case shomn hereln s such as wusing a heat resistant DNA pol ynmerase
mnt% resgggb A0 the tenpl ate DNA fragnents, there is no special
limtation on enzyne so far it is capable of synthesizing new
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enzyme so far 1t 1s capable of synthesizing new DNA chain using
10 the DNA chains as the template. Examples of such DNA
polymerase include Pol-I DNA polymerase (Escherichia coli DNA
polymerase I, Kienow fragment, etc.), type-a DNA polymerase
(DNA polymerase derived from Pyrococcus friosus, VENT DNA
polymerase, KOD DNA polymerase, and DEEP VENT DNA polymerase)
15 and non-o-non-?Pol-I DNA polymerase (DNA polymerase described
in WO97/24444).
[0095]

Also use of a DNA ligase, in place of the DNA polymerase,

allows the DNA chain elongation reaction to proceed, and
20 therefore allows the DNA chain amplification to take place.
[0096]

For the case where the template RNA fragments are used,
the DNA chains can be elongated on the primer side, by allowing
the primers con the substrate to directly act on the template

25 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 template RNA fragments



[0095] Also use of a DNA ligase, in place of the DNA pol ynerase,
allows the DNA chain el ongation reacti gg to proceed, and 20 therefore
allows the DNA chain anplification to ke place. [0096] For the
case where the tenplate RNA fragnents are used, the DNA chains can
be el ongated on the prinmer side, by allowing the priners on the

substratg tq dif eGldy Actogpst | #8020 BRI AGIRAL S, pAA] B3 rst
% be e

u3|ng a reverse transcri ptase. aln ongated on the

pri mer ghde., al sec By 53l owi ity &éﬁvggsglﬁr gnhsfpi'@ﬂés hOpBEYnU 4 or

tenpl at e agnment s so as to ohce synt ize the

(corrpl eqent r ai esis), and then by aI | owi ng
t he DNAquO iﬁn%%g)?ﬁﬁggé ?Ej E)N% %é%g&?o act thereon. [0097] 5

Referringgpawpack to FIG 1, in step S60, the reaction system after
t he el ongation reaction is maintained at the thermal unfolding

tenﬁﬁratureofge%@%ﬁﬁﬁﬁC@@hnbaEiDNEa%Fﬁiah 5%%:§§E§5§%05ythgereactlon

t hermal f I'ng, tenpl ate ragnent’s 16 e released from

t he douglyestsérﬁaﬁgt o tgﬁo}% ﬁlC(}e%fCEf&‘n13Q5H%fr‘?%§fh?8098’3] the

t hereby I'eave t e-stra fragnments

In step %7(?6 M%H?Blh&%f Jégggxlyé?_r?zfjmﬁg%%ﬁ}? éll?glzils )Eg/plcally at

eIongat|on reaction or ment ma
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of repetition of the rea ion, set]ﬂ‘susmgate ér at
fragments 16 are released from the double-strand DNA on the

i0 surface of the substrate (FIG. 4), to thereby leave the
single-strand DNA fragments 18 (FIG. 5).
[C098]
In step 570, whether the process should advance to the
next elongation reaction or not is judged. The judgment may

15 automatically be made based on whether a specified number of
times of repetition of the reaction, set by using a temperature
regulator (thermeo-cycler) or the like, was reached or not,
or may be made every time based on the operator's judgment.

[0099]

20 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 540, wherein the annealing
(step S40), elongation reaction {(step S50) and thermal
unfolding (step 560) are repeated sc as to proceed the DNA

25 elongation reaction using the unreacted primers. By
repeating this cycle 1 to 50 times, the DNA chains are amplified

on the substrate based on the MPEC process.



regul ator (therno-cycler) or the like, was reached or not, or may be
made every tine based on the operatorgﬁ judgment. [0099] 20 If the
result of judgnent was YES, that is, én the process was judged to
advance to the next elongation reaction, the process returns back to
step S40, wherein the annealing (step S40), elongation reaction
(step SSle thermal unfolding (step S60) are repeated so as to
proceed the 25 el ongation reaction using the unreacted priners.

By repeati ngzkhk%ecﬁ&ittefggﬁgﬁémt 0e DMRRa @, atendipldided s,

on the substrate bas on the ocess. [ 0100] the resu
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judged to advance to the next elongation reaction, the process goes
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DNA m croarr I's washed usi ng, exanpl €, 0. sol ution
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anplification, i's preferable to provide a plurality o
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primers i nmobi[ize SO to forma mcroarray.

| ength Qf, t Lmers f Egé anplification, to be 15 immobilized
onto thgckurq%géhgﬁk% é% stFﬁte, can arbitrarily be determ ned

dependianqQ”pHrposes and applications, and can

For the DNA chain amplification, it is preferable to

10 provide a plurality of spots within a certain section, wherein
each of the spots having the primers immobilized thereto, so
as to form a microarray.

[0102]
The length of the primers for DNA amplification, to be

15 immobilized onto the surface of the substrate, can arbitrarily
be determined depending on purposes and applications, and can
typically be determined as 5 to 50 bases.

[0103]
{Second Embodiment}

20 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
with the same reference numerals, so as to avoid repetitive
explanation.

25 [0104]

The method of elcngating DNA chains is such as

immobilizing primers for DNA elongation (simply referred to



typically be determned as 5 to 50 bases. [0103]. (Second Enbodi nent)
20 FIG 6 is a flow chart show ng procggures of a nmethod of

el ongati ng DNA chains as a second enbodirnent. In FIG 6, any
procedures simlar to those shown in FIG 1 will be given wth the
same reference nunerals, so as to avoid repetitive explanation. 25

[ 0104] gg f%\&ﬁg Qfe e'@@ﬂ@%h@%% chaiRs J sséygfar%sce 'm%@ % he

prlners ondation (sinply referred to

‘prinergl,. gLl Jeﬁtefr%rc)f Ogntngﬁﬁtéef;gt%vwgweechheowﬂﬁgea first

t hereof a po yner subst ance ontains a first unit having a
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up to a tenperature causin hermal unfol ding of the DNA chains (step

530); %g Lgtge(tpshces%)esafé ghé%{ r& goié\'?até%z%ﬁ W@ﬁ%gviﬁﬁ 1ntr8ﬁ61\_1ced

anneal i I'ow™ng ongati1on reaction of "th

chains %%é¥é¥ﬁ%psgﬁmhn§c&ﬁ%&i99n§y§éﬁgh@§k§BN§5@}agments or template

RNA fragments having desired sequences, an enzyme system for
10 DNA chain elongation and nucleotide monomers, up to a
temperature causing thermal unfolding of the DNA chains (step
S30); cocling the reaction system down to a temperature for
annealing (step S40); and allowing elongation reaction of the
DNA chains to proceed in the reaction system {step 550);
15 wherein all of these processes are allowed to proceed in the
same liguid phase system.
[0105]
As described in the above, in step 3520, a sample
containing template DNA fragments for DNA chain elongation,
20 to be annealed with the primers immobilized onto the surface
of the substarate, and nuclectide monomers, is introduced,
wherein the sample and the reaction system having the sample
introduced therein may be same as those described in the aboeve.
[0106]
25 After the elongation reaction in step S50, the reaction

solution is discarded, and the DNAmicrcarray is washed using,



15 wherein all of these processes are allowed to proceed in the sane
i quid phase system [0105] As described in the above, in step 520,
a sanple containing tenplate DNA fragments for DNA chain el ongation
20 to be annealed with the prinmers i mmobilized onto the surface of

t he substarate, and nucl eotide nononers, is introduced, wherein the

sanple and the. r tiaon System.havisng |l e_ .int o her
may be gggfe eaxsalPﬁgéé es(f:'rlfbgg]"i H%V]?%eségg\}%aéw'[ 0?86]%52 Af ?glp&?ﬁ]eedﬁ@
el ongat i %Faction in step S50, the reaction solution is discarded,
and t he® mTcTroarray is washed using, 39 for exanple, a 0.1 W%
SDS solu&gng so as to finish the process. [0107] Exenplary
appl i cations &f the nmethod of elongating DNA 5 chains of this

ggggg;gg“tc Ovrr“'p g%@%lga@ g%ggg%%%'t%né%mhe( SR Anal ysi s) o ASSY Y Pa

ase ‘sequence containing a
characteri stic sequence of r edet er m ne 1 t a
con&letSﬁfﬁﬁﬁic%gd%ggﬁhéﬁggsdgﬁﬁwg%avgg?sq%%ﬁgﬁéﬁég?f¥ggggﬁ§%by usi ng
prinmers ?@%5%% a sequence obtained by replacing one base of the
conpl etely-matched sequence with other base. Each prinmer preferably

has a I?@%%héﬁa§5 hases or shorter. 15 [0109]

¥s1s
Assuming a sequence complementary to a base segquence
containing a characteristic seqguence of a predetermined
10 target gene as a completely-matched sequence, SNP analysis
can be carried out by using primers having a sequence cobtained
by replacing one base of the completely-matched sequence with
other base. Each primer preferably has a length of 25 bases
or shorter.
15 ([0109]
More specifically, in step S10, DNA fragments each having
a characteristic seguence of a target gene with only one
mismatched base are immocbilized as the primers onto the
surface of the substrate. 1In this process, a 384-well (256
20 spots/well) or 96-well (1024 spots/well) microarray is used,
and the sequences of the primers immobilized ir the individual
spots are memorized. The sample is introduced in step 520,
while using the DNA chains containing the characteristic
sequence as the template DNA fragments, the thermal unfolding
25 is carried out in step S30, and annealing is proceeded in step

S40. 1In step 550, the elongation reaction proceeds only o¢on



More specifically, in step-S10, DNA fragnents each having a .
characteristic sequence of a target geng with only one m smatched
base are immobilized as the priners onto the surface of the
substrate. In this process, a 384-well (256 20 spots/well) or 96-well
(1024 spots/well) mcroarray is used, and the sequences of the

primersehamhiijzed b ithe; ipdiyi céuaéorﬁpetfs A EMEzeth dR®ing the
sanple is introduced in step”S20, while using the DNA chains

Conta'nk@&tﬂE%&héﬁ@C%%dﬁﬂéCaﬁ%@&@@&etﬁ%ﬂéwaEﬁnp|ate DNA
fragnents, the thermal unfolding 25 is carried out in step S30, and
anneal i ngphg gproceeded in step S40. In step S50, the elongation
reacti on proceeds only on 40 the priners existing in a form of

doubl e Strandztg'atﬁ'e@%ft!@edt gnplate PNAchaips @Qeqqln%éb@t%wth
[0110] As described in the above, by prelimnarily 5 incorporating

the g ab%e%migethgetﬂe@%ea ddhe dihes sanR! Ronba s Il@ttr&d;w‘ee@almme
step S20, the DNA fragnents obtained from the prinmers by the

el ogat i pg Bea%t%gatt@eaapﬁ@@e tHeoSPehe pRANERINY WL E BeshLuantseaton
DNA fragments remai ned on the substrate after the washing in step

S55 canche 9‘%&%@9 %%Otttt@eé%éatﬂleoﬁeﬂé'%%ei%rpfaﬂé"%a%éE_TEBS the spots

immobilized 'to th tected spots can known, because the
sequences nqfy frhfngpwéereltm}e@éérz@dnm tﬂ%@@hted@m@tﬁems A € he
menorized. In this way, the base sequences the prinmers causing

thereong uto@ecﬁe@ga'ﬁ% repgt L,an aly bepknawy, 359 idard Sod hgeefiteed,
made 15 possible to anal yze single nucleotide pol ynorphismwth

respect . 1@ e, tearl ate; PN Ecagrent 5. cantididy H9i hR®bilized to the

detected spots can be known, because the sequences of the
primers immobilized to the individual arrays are memorized.
In this way, the base sequences of the primers causing thereon
the elongation reaction can be known, and it is therefore made
15 possible to analyze single nucleotide polymorphism with
respect to the template DNA fragments containing the
characteristic sequence of the target gene.
[0111]
(SBH Analysis)
20 Base sequencing by hyblidization (SBH) analysis will be
accessible by preparing a complete set of primers each having
a sequence of a predetermined number of bases, 6 to 10 mer
for example and preferably 8 mer, is obtained, which accounts
for 4°=65536 species when 8-mer primers are used, and by
25 immobilizing each of the individual primers into a single
spot.

[0112]

- N



characteristic sequence of the target gene. [0111] (SBH Analysis) 20
Base sequencing by hyblidization (SBFD4gnaIysis w |l be accessible
by preparing a conplete set of priners-each having a sequence of a
pr edet er mi ned nunber of bases, 6 to 10 nmer for exanple and
preferably 8 mer, is obtained, which accounts for 48=65536 species

when 8- mer priaBLS A& Hged, and by 25 i qmpbi Lizhng eagh af Lhe
e 1 f re specifically,

individual priners i'nto a single spot. 1 "Mor

the i ndiyfal ) PELERTS & S hEMadd £edubl @ ddies | B2l Widials sPgbs afy in

the mcroarray in step S10. In this process, the sequences of the
CimBrs i i Lized. int ndiv d . Tk .
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unknown i%ﬁ;eo§f99%@0§§1t%stk'%eiB%qgggéﬁ%m&égﬁgtﬁ?ﬁogp%% o Then in
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15 the priners are la e spots containing the uor escent

DNAfra@%e%%%ﬂeggbnedlﬂnéggb%y§§sr@5%iﬁf&ﬁgéb%on reaction proceeds

only on the primers existing in a form of double strand having
i0 the template DNA chain fragments annealed therewith.
[0113]

As described in the above, by preliminarily
incorporating the labeled nucleotide monomers into the sample
to be introduced in step S20, the DNA fragments obtained from

15 the primers are labeled, and the spots containing the
fluorescent DNA fragments remained on the substrate after the
washing in step $55 can be detected, thereby the seqguences
of the primers immobilized to the detected spots can be known,
because the sequences of the primers immobilized to the

20 individual arrays are memorized. In this way, the base
sequences of the primers causing thereon the elongation
reaction can be known.

[0114]

Now as shown in FIG. 7, the spots causing the elongation

25 reaction on a substrate 41, the individual seguences in a
random sequence group 45 of the primers immobilized in the

detected spots are extracted, and ordered so as to overlap



washing in step S55 can be detected, thereby the sequences of the
primers inmobilized to the detected spqLs can be known, because the
sequences of the priners imobilized to"the 20 |nd|V|duaI arrays are
menorized. In this way, the base sequences of the prinmers causing
t hereon the elongation reaction can be known. [0114] Now as shown

in FIG 'EtﬁfEééHOB%HEEENH@léh%e%H&KEHiPBedzétT%%%'ﬂ@aena%d tail of
substrate 41, the individual sequences in a random sequence group 45

of the FUHé*%e%déW@Qb'b%@véBytE@ngq%t eGled SPOtLS e otdactedoareq
ordered so as to overlap | wi th each other while being

shifted s%tqo&é‘f?c@e ad fail gf pthe §§8H%E‘1“c‘f‘e’3 by @fe@héw@ﬂngﬂ%%e DNA
so as to obtain an ordered sequence group 47. A base sequence 4

the teUE'xaatcgnQNé hitageent Bﬁ%‘n@«@%é@é@éﬁu@%&% %%qegacgeflée%&nb&ed
det erm ned by readi ng the head bases of e 1 ndividual priners

accoy di pg, Ife%&lmag Qe SheWs by st be Qﬁgeiﬁgls,%@mepgmg&ﬂcmlng

by readi'ng all bases as for the last prinmer. [O It is necessary

to prepare 4096, 5pE¢i &% Afn P5 MBRS fo@deé@d%@%'heq{déméiﬁou@nq 7163:;%@ by
species of priners for 7-ner prinmers. These priners are applicable to

search fQr, §&h@tLyel %éé@é' as”tf'c%%ﬁé §%§ipn§r§§1e2_’0 mer to 50 mer,

such as funcional |l y-unknown RNA and mcro (m) RNA, and to
anal ysi s (@ 1gene sequence. ‘

It is necessary to prepare 4096 species of primers for
10 6-mer primers, and 16384 species of primers for 7T-mer primers.
These primers are applicable to search for relatively small
molecules as long as 20 mer to 50 mer, such as
funcionally-unknown (nc} RNA and micrec (mi) RNA, and to
analysis a gene seguence.
15 [0116]

It is necessary to prepare 65536 species of primers for
8-mer primers, and 262144 and 1048576 species of primers for
9-mer and 1l0-mer primers, respectively. These primers are
applicable to general gene seguencing.

20 [0117]
{Gene Expression Profiling)

FIG. 8 shows conventional methods of preparing a sample
introdeced a label as a sample for gene expression profiling
and of carrying out the expression profiling.

25 {0118]
A total RNA is extracted from an biological tissue

corresponded to the purpose. From the total RNA, a cDNA is



15 [0116] It is necessary to prepare 65536 species+of prinmers for
8-mer primers, and 262144 and 1048576 i@e0|es of prinmers for 9-nmer
and 10-mer priners, respectively. Theseé primers are applicable to
general gene sequencing. 20 [0117] (Gene Expression Profiling) FIG 8
shows conventional nethods of preparing a sanple introdeced a | abel

as a Sa@feinecﬁ@&g@ae @&&rse:s%'h%rpwﬂéheglsa}nga%fec@%w % PEauli dhesing
expression profiling. 25 [0118] A total RNA'is extracted froman

bi ol ogi gal-{jSsue  cAnRSPONdedet 0 the JHU PosectiMidenfotak R @se
CDNA is 43 synthesized (first chain synthesis) based on a reaction

using @, LQVeEsepthanscr Hltﬂcs@.zréncéﬂ@arl‘?ﬁ%éOdqpi-}:séc‘i‘egtélﬂﬁllrr?é/c?rzsﬁtlo of
transcri pt ase, a. m Xt Ure cont al ni ng a pl’edet ermned rati o of

and am peald ﬂndj%ﬂhéaﬁqqﬂd’dd’@?tf§r§@éie§1yn§:|&e%'h7@ré$'§ éyﬁ%ﬂ% Nohe

am noal 'yl dUTP incorporated therein. 19] When only a snal

amount  ah é\lglptﬁévﬁ% was; 08t ahRad dgpm lhf&%ﬁ@]@g%edt he, CDNAI S

synt hesi z by the reverse transcription reaction, a double-strand
cDNA (trq qgggptlon 10 tenplate DNA fragnent) is synthe5|zed (second
chain synthesis), and using the product as the tenplate, an RNA

pol ynmerase | Swﬂ%%e%NA;X?rae%§Pl aém&‘an‘%m%'f' ft)é@aﬂl %h@é(‘sngbt%'lned from

anti sense chain (a In the process of RNA anplification, the aRNA
having amnaa) Ly|,dULR d negfporial ey nthesized by the reverse

transcription reaction, a double-strand c¢cDNA {(transcription
10 template DNA fragment) is synthesized (second chain
synthesis), and using the product as the template, an RNA
polymerase is acted thereon so as to amplify an RNA having
an antisense chain (aRNA). In the process of RNA
amplificaticn, the aRNA having aminocallyl dUTP incorporated
15 therein can be synthesized, by adding a mixture containing
a predetermined ratio of dNTP and aminoallyl dUTP.
[0120]
Next, the cDNA or the antisense aminoallyl RNA (aRNA)
is precipitated with ethanol, and is then dissolved into a
20 0.2 M sodium carbonate buffer (NaHCO;-Na,C03; (pH2.0)). A
fluorescent dye (Cy3 or Cy5) preliminarily dissolved into DMSO
is added, and is allowed to couple with aminocallyl dUTP
preliminarily incorporated into the ¢DNA or the aRNA according
to general procedures, to thereby label the cDNA or the aRNA
25 with fluorescence. Unbound portion of the fluorescent dye is
removed by general purification procedures through a gel

filtration column or a filter, and the aRNA is further added



15 therein can be synthesized, by addi ng a m xture containkng a
predeterm ned ratio of dNTP and ami noal dUTP. [0120] Next, the
cDNA or the antisense am noallyl RNA (aEQNA) is precipitated with
ethanol, and is then dissolved into a 20 0.2 M sodi um carbonate
buf fer (NaHCO3- Na2CO3 (pH9.0)). A fluorescent dye (Cy3 or 0y5)

prelim pari| y q_ﬂ ¥gd it VB cirs (@ddedh g andnks @Idrmf@ﬁtkatqw &f

w th am noal | yl d P prellmnarllymcorporatedintothe cDNA or the

aRNA acgopdi Rg 7110 BEPEL-Blk RIOCE Ug@ﬁ%%rlr{cgnéhﬁ%@l@)/ﬂc@@étéh epBNA Or 0.1
the aRNA 25 with fluorescence. Unbound portl on of the fluor escent dye
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with a fragen tg “be'gf:eis(ﬁ?:\ﬁ'u%é'né‘zlldCQH%)%nhh%td}QI‘I\f Shen®n®h Mitn

Tri s( hydroxymet hyl") ami nonet hane Acetate pot assi um

acetzat ecr%s%cgﬂeﬂegnew%ﬁg%ta%tye)ﬁré{;hem%é@ rheaglgt. 95Gfer 15

m nutes, and then qui ckly quenched 5 crushed ice, to thereby

fragnen Af fo r at b t hod
SUch 25 g8l e saer ontior ooy & THG Broguet i or T Pred any et o

concent Eﬂte%dcﬁé/ﬁahggle fiid tratd oo §QL21E s ﬂ:grl\ﬂ@(ledtahﬂﬂé cpasﬁeahecdfaf:@é\ by

or aRNA is dized wth the " prinmers in the mcroarray. The cDNA
or the @B@Afﬁltf‘QE iy iately mixed with a hybridization buffer
(final “concentration of 5xSSC, 0.5(v/V)%8DS, 4xDenhardt' ssol ution)

[0121]

10 Next, thus-prepared ¢DNA or aRNA is hybridized with the
primers in the microarray. The c¢DNA or the aRNA is
appropriately mixed with a hybridization buffer (final
concentration of 5xSsSC, 0.5(v/v)% SDS, 4xDenhardt's solution)
and formamide, and hybridized overnight with the DNA

15 microarray at 45°C to 60°C. After the hybridization, the
microarray is washed using a 2x8SC-0.1 (v/v)$% SDS solution,
a 2x8SC solution, and a 1xSSC solution, respectively for 5
minutes, images are scanned using a fluorescent image reader
(for example, CRBIO(xr) IIe; from Hitachi Software Engineering,

20 Co., Ltd.), and signal 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 aRNA synthesis, cDNA may directly
be analyzed if a sufficient quantity of cDNA is available in

25 the middle of the process.

(0122]



and formam de, and hybridized»overnight with the DNA 15 microarray-at
45C to 60C. After the hybridization, gg m croarray is washed using
a 2xSSC-0.1 (v/v)% SDS solution, a 2xSSC sol ution, and a 1xSSC
solution, respectively for 5 mnutes, inmages are scanned using a
fluorescent imge reader (for exanple, CRBIQ(r) Ile; fromHitach

Sof t war e Engi fgeri @Qet@@dcoh@vj-éxge} %@%cﬁg g@@}ﬂpmtceer@éal 8% e atment
quantified using an analytical soffware (for exanpl e,

DNASI S( Ek/ércr@sysegr o g %5%@@%@5&%&%&1@@@@& nuf®er blfdednditions
Al t hough FI G shows an exenpl ary case of aRNA synthesis, cDNA may

directlyq g analyzed df & SyELIG tsgy@@tﬂ itdh 06 s CEMA S AYRL! alie the
in 25 the mddle of the process. [0122] 45 This nethod, however,

needs coppy;i-£s eglpgéﬂpqaémngop%%eéspé + apd scansequent | ¥ ag%st% one

| ar ge nunber condi trons be set, such as needing selection of
condi ti QRg ‘%r tc}b‘%np1él’élevt%atm%%r83'p%§océgs%@at Adli d AkgSa i bgaskmtage
days to one to conplete the whole processes, raising a

dlsadvaghaggalhg B?“Féﬁﬁdrégh%tgﬁﬁeihg pleRsPeshion. [0123]  Therefore
in this enbodrnent the DNA"fragnments having the base sequences

corresponded {0 the characteristic 10 sequence of a gene to be
anal yzed ‘are used as the prinmers, and each priner is prelimnaly

i mobi i zed O@hEQ‘%ﬁﬁé ack ohist BeHbshLate %%Ordilimg_ffé)gﬁ\@ﬁt%' '?E'a'x?irng
met hod to S10 1 n Fig. in a single spot on the mcroarray. The first

chai n syplhesd e g%qtu@%{h&ér Ebed QUL o AY A AW PPet R 4:00 &t  RNA 110

react wth
10 sequence of a gene to be analyzed are used as the primers,

and each primer is preliminaly immobilized on the surface of
the substrate according to the similar method to S10 in Fig.1
in a single spot on the micrcocarray. The first chain synthesis
is then carried out by allowing the total RNA to react with
i5 a reverse transcriptase so as to obtain the ¢DNA, and by using
the cDNA (or the aRNA obtained by amplification if the
occasions demand) obtained by the first chain synthesis as
the template DNA fragments, and the elongation reaction is
allowed to proceed on the primer side on the substrate by
20 actions of a DNA polymerase or a DNA ligase, and thereby an
expressed gene can be identified.
(0124]
As described in the above, it is also made possible to
directly proceed the elongation reaction on the primer side
25 on the substrate, by hybridizing the primers having
predetermined seguences and provided on the substrate, using

the total RNA as the templates, under action of a reverse



45 a reverse transcriptase so as to obtain the cDNA, and by using
the cDNA (or the aRNA obtained by anplification if the occasions
demand) obtained by the first chain synthesis as the tenplate DNA
fragnents, and the elongation reaction is allowed to proceed on the
prinmer side on the substrate by 20 actions of a DNA pol ynerase or a

DNA | i gaseynf0dibhereby and expressedagens;gpdsbed dantdfbad. {0124]
As described in the above, it is also nade possible to directly
proceed {t4ws, €] pngat.i on reaction on the prinmer side 25 on the
substrate, by hybridizing the prinmers having predeterm ned sequences
and proviidgead on the substrate, using the total RNA as the tenplates,
under action of a reverse 46 transcriptase, and thereby an expressed

gene can be ideptiHd £diot8325kndih Ot herpwends hahether BaBkORR quence
havi ng a base sequence 5 conplenentary to a characteristic sequence

owned by g daomengens, cah dec-hound 1 N9t ol Be tespbate DNy 2 known
fragnments obtained fromthe total RNA derived Troma specific cell.

[0126] fLELINg=NoN: 1A d P& HBSe MhgEe: SPNAWL Bnnespaehidi: & Be t aldhed
total RNA is used as the tenplate DNA fragnents, the above-descri bed

i ndi vi dyalopri Her ¢ ALl | AURbEld Zeg §0 shhen 4 espeetiifve: spets .of the
mcroarray in step S10. In this process, the sequences of the
priners ijgobi]ized to the detected spots are nenorized. In step
S20, a sanple 1s

Referring now to the case where cDNA with respect to the
10 total RNA is used as the template DNA fragments, the
above-described individual primers are immobilized to the
respective spots of the microarray in step S510. In this
process, the sequences of the primers immobilized to the
detected spots are memorized. In step 520, a sample is
15 introduced while using the ¢DNA synthesized from a
predetermined total RNA obtained as described in the above
as the template DNA fragments, thermal unfolding is carried
out in step $30, and annealed in step 540. 1In step 550, the
elongation reaction proceeds only on the primers existing in
20 a form of double strand having the template DNA chain fragments
annealed therewith.
[0127]
As described in the above, by preliminarily
incorporating the labeled nucleoctide monomers into the sample
25 to be introduced in step 820, the DNA fragments obtained from
the primers by the elongation reaction are labeled, and the

spots containing the flucrescent DNA fragments remained on



15 introduced while using the cDNA synt hesi zed froma predeterm ned
total RNA obtained as described in the,agbove as the tenplate DNA
fragnents, thermal unfolding is carrie out in step 530, and
annealed in step S40. In step 550, the elongation reaction proceeds
only on the prinmers existing in 20 a formof double strand having the

t enpl at e HNA (chat Paflagrend s +angaked niharewddy, §9424kn AS detected,
described in the above, by prelimnarily incorporating the |abeled

nucl eot ighe ONENMBHS IJHQuihecsanPt et Be 13 e i Bt haciaed] § Dest e S20e
the DNA fragnments obtained from the prinmers by the el ongation

reacti ogeare-taheledt Andahhee spoéSncopai Nhag the fdionepeent dNAhe

fragnments remai ned on 47 the substrate after the washing in step S55

can be detiecd £4, i nihe):8i iN: £ Aer SeAURNGeS] Of 1 §08 1PRIERI Ps | AT kIeed 104 .
the detected spots can be known, because the sequences of the

priners ripmamhid kz2ed tad Be ddiey ik« 8r& aysh ansr IRERLI 28ds i d R Son
way, the base sequences of the prinmers causing thereon the

el ongat i:gr: kaagtd £P16aNr B8 MM cANGd LnicSirt helred are 112de e ROSSELIRade
to know from which gene the total RNA was expressed and obt ai ned,

t hat isgﬁési§léagg Rﬁ%%i@f%ﬁfhﬁﬁéﬁy%eﬂ% Q%QEtd%%ie§ﬁhoﬂagfﬁ&ﬁﬂégbed

10 [012 According to this nethod, the gene expression profiling

anal ysi g e e CAEH, ed ot 0l yi By; §i fpke ?W@iﬂ)@@sto_ %G diNg: gene
nost part of |abor- and tinme-consum ng sanple preparation having
been negessad ¥siBnt R geper aly anal yses,

10 [0128]

According to this method, the gene expression profiling
analysis can be carried out only by simple operations,
excluding most part of labor- and time-consuming sample
preparation having been necessary in the general analyses,

15 but using, as the template DNA fragments, cDNA obtained as
a reverse-transcription product fromgenomic DNA or total RNA.
[0129]

Applications other than those described in the above
include:

20 application to basic tool for gene analysis such as
microsatellite analysis, chromosomal abnormality analysis
(CGH: Comparative Genomic Hybridization), search for
functionally-unknown {(nc)RNA;

application to application-specific custom chips using

25 these tools, such as crgan- and disease=-specific gene

expression analyzing chip, mutagenicity test kit

(environmental hormcne), genetically-modified food



15 but using, as-the tenplate DNA fragnments, cDNA obtained as a
reverse-transcription product frongenomic DNA or total RNA. [0129]
Applications other than those described in the above include: 20
application to basic tool for gene analysis such as mcrosatellite
anal ysi s, chronosomal abnormality analysis (CGH Conparative Genomc

Hybri di zatdomng ¢ i e@akeh, fRl t buhed @nak b yg anknove, £ Ae)iRNAK iapphiheatyONcal
to application-specific customchips using 25 these tools, such as

organ- and dféﬁa?%“t%?iﬂzc_t@%ﬂ.e/cﬁiﬂﬁﬁ%sﬂ O RB8kYZNGi 6Ri Pcongenital
nmut agenicity test kit (environnental hornone), genetlcally-nné%fled

food r 4id2a248 LRsPeciigy Kiits, nikeehendmial /gene SeduepabRthki iy y
analytical kit for paternity test/crimnal investigation, congenital

di sease .anal yzi g kit, ghrosend| Aganetis @hnorBhibint a @Nehypirithatal)
kit, genetic diagnosis (preinplantafion/prenatal) 5 kit,

drugs resaanses Fehated ganee peky i fdh @ngbyZhd bt sm analyzing kit,
| i pi d- net abol i snmtrel ated gene pol ynorphi sm anal yzing kit, and

ot ol ogi cald aphhbalamel ool gak fifl & 9886 PHYTPHBREINsANRh YA K tkit,
application to diagnostic/clinical customchips such as 10 cancer

Pr ognostir p&@ghetgii%phb?ht%réagn&%@li@%@nfieial i@l pdiyhorphism
di scovery) chip, and healthy food devel opnent chip;
analyzing kit;
application to diagnostic/clinical custom chips such as
10 cancer prognocstic prediction chip, drug development
(clinical/drug discovery) chip, and healthy food development
chip;
application to microbial identification and inspection
kit such as used in drug/focod manufacturing processes
15 including for microbial 1imit test, and microbial inspection
of food and drinking water; and clinical inspection in dental
field including detecticn of dental
caries/periodontitis~-related bacteria and detection of
opportunistic infecticn bacteria; and environmental
20 inspection including environmental inspection for food
factory/kitchen facility and water inspection for drinking
water/public bath and well water; and health and hygiene field
including prevention of infectious disease/food poisoning and
health management of company employee; general microbial
25 identification also related to resistant bacteria; and
clinical inspection of hepatitis virus, Helicobacter pyroli,

hepatitis chlamydia, AIDS virus, SARS virus, West Nile virus,



Eal

application to mcrobial-identification and i nspection kit such as
used in drug/food manufacturing procesigs 15 including for mcrobial
limt test, and m crobial inspection food and drinking water; and
clinical inspection in dental field-including detection of dental
caries/periodontitis-related bacteria and detection of opportunistic

I nfectiqn bactgpbas rapgdy e%mg%@m{g ah s %Qllmpf@ttenﬂaﬂ@w Epgr

envi r onnent al |nspect|on or food factory/kltchen facility an ‘wat er

i nspect k o 1f Qo di 1 9KiAG , WAk aGhRURNS Egbatl aﬂsﬂew@hlkewater and health
and hygiene field i ncl udi ng prevention of infectious disease/food

poi soni ng 1 £egal th managenent of conpany enpl oyee; gener al

m crobi al 25 iden ification also related to resistant bacteria; and
clinical Q%Qgctlon of hepatitis virus, Helicobacter pyroli,
hepatltls chl anydia, AIDS virus, SARS virus, West N le virus, 49

nor avi r yg (food, pRi-sani ng ascribabl e to raM/oyster) i nfluenza
Vi rus, fungus/nDId or the like. (Exanples) [0130] 5 (Experinent 1)

Accor di ng to fhe techil ques deserdhed, beboye sthe pRid %rl%w Wlife primers
i mobi | i zed onto the surface of each substrate of the plastic and

gl ass sybsty a:@moggqrez%}pngggot @ Hdi s, erhed r@f‘teacﬁ”%&ﬁ@t%%hw the

substrate corresponded to conventional 10 substrates, the DNA chain

el ongat F%g@_a@tar% gvx@asséléw@grg%s%%&%wna@% thtthuélllnbodlment
substra and the 'DNA chain elongation reaction on the prinmers was
dEtECtegnd the aldehyde substrate corresponded Lo conventlonal
10 substrates, the DNA chain elongation reaction was allowed to
proceed on the individual substrates, and the DNA chain
elongation reaction on the primers was detected.
[0131]
(Manufacture of Plastic Substrates)
15 Using a saturated cyclic polyolefin resin (hydrogenated
ring-opening product of 5S-methyl-2-norbornene, MFR (melt flow
rate): 21 g/10 min, ratio of hydrogenation: substantially 100%,
thermal deformation temperature 123°C), slide-glass-formed
substrates were obtained by injection molding. The
20 substrates were dipped into a 0.5 wt% ethanol solution of
Z=-methacryloyloxyethylphosphoryl cheline-butyl
methacrylate-p-nitrophenyl-oxycarbonyl polyethylene glycol
methacrylate (NPMA) copolymer (containing the individual
groups in a molar ratio of 25:74:1), so as to introduce a
25 polymer substance having phosphoryl choline groups and

activated ester groups onto the surface of the substrates,

to thereby obtain plastic substrates.

- “n



[0131] (Manufacture of Plastic «Substrates) 15 Using a saturated .
cyclic polyolefin resin (hydrogenated .ring-opening product of

5- net hyl - 2- nor bornene, MFR (nelt flow rate) : 21 g/10 mn, ratio of
hydr ogenati on: substantially 100% thernal deformation tenperature
123C), slide-glass-forned substrates were obtained by injection

mol di ng. [fhe 20 substrates were dipped into a 0.5 w % et hanol

solution of 2-nethacryl oyl oxyet hyl phosphoryl choline-butyl

met hacr yhatf1 s L L-ephenyd 1 gxycarhoayl apelyet hyl ene gl ycol _
met hacryl ate (NPMA) copol yner (containing the individual groups in a

mol ar ratio OfedRrih 131,88 amuf & bAkkaducer-a 23 Al yMeRtsuRSt@Ngey 5
havi ng phosphoryl choline groups and activated ester groups onto the

surface «@f, 40181 SUBSIFALSS, o £t @ ISk 8RY Toplast shhakgs. P P
50 [0135] (Manuf acture ofo(Hass 3ubstf§?§§§ Gekeraﬁqgﬁggs&suggﬁ?ates

ver e di pRea i ML 0na Q15 ik £ 1etRAaNol e spLukion Ofenyl-oxycarbonyl
2- met hacryl oyl oxyet hyl phosphoryl 5 chol i ne-butyl

et haCf}é'oa_LtfétPﬁ i Eh@Phenyd 5 @Xyearboayl, 1 spQ Yﬁﬂ!PMh?D% YEQher _
met hacryl at'e (NPMA) copol yner (containing the individual groups in a

mol ar ratdd0f 1 #9044 &k, in89vad 1 iU EQ94CEn & RRIDHEL SUDSIANCS 74 1),
havi ng phosphoryl ~“choline groups and activated ester groups onto the

[Sgrl‘;glces%o Of theisuhsid@tesy R IPREEbY QY@L ALl aSS SMPSbhakfhoryl
choline groups and activated ester groups onto the surface

10 of the substrates, to thereby obtain glass substrates.

[0133]
{Manufacture of Aldehyde Substrates)
Using a saturated cyclic polyolefin resin (hydrogenated
ring-opening product of 5-methyl-Z2-norbornene, MFR {(melt flow

15 rate): 21 ¢g/10 min, ratioc of hydrogenation: substantially 1C0%,
thermal deformation temperature 123°C), slide-glass-formed
substrates were obtained by injection molding. The mold
products were then subjected to low-temperature plasma
treatment, so as to hydrophilize the surface. Next,

20 yv-aminopropyl triethoxysilane as aminocalkylsilane was
dissolved into methanol iﬁ a concentraticn of 5% so as to
prepare an amino group initroducing solution, the substrates
were dipped in the solution for 2 hours, taken out from the
solution, dipped in a ultrapure water, allowed to stand, taken

25 out therefrom, and dried. Glutaraldehyde was dissolved into

PBS PBS{(-) in a concentration of 2% so as to prepare a

glutaraldehyde solution, the aminocalkylsilane-treated



(Manuf acture of Al dehyde Substrates) Using a saturated cyclic

pol yol efin resin (hydrogenated ring- o%?ning product of

5- net hyl - 2- nor bornene, MFR (nelt flow 15 rate) : 21 g/I0 mn, ratio
of hydrogenation: substantially 100% thermal defornmation tenperature
123C), slide-glass-forned substrates were obtained by injection

nol di ng.s ke ARt s wmcasp%%rde {hephsuljrct gdatiedyaé eapenatineg,
plasma treatment, so as to hydrophilize the surface.” Next, 20

y- am no@l%e&%@%'%%&'flo%n@ sy 281 oAk Kyl it angnmas s <@ §§Q{ ved ddd®re
met hanol in a concentration of 5%so0 as to prepare an am no group

i ntrodugiang $0l Hhitonpndhewaubsld atgg qwarey di ppedh dant,he salwstentker
2 hours, taken out fromthe solution, dlpped in a ultrapure water,

allowedhtaqflsf& nd; gk alé,% é@s&_\‘%stcﬁ'ﬁr@lfnéoghrﬁ%d:éjrﬂkﬁéjregfuﬁéﬁc@ defydiened.

was dlssolved into in a concentration of 2% so as to
prepare goig 4t aral dehyde sol ution, the am noal kyl silane-treated 4
51 substrates were di pped in the glutaraldehyde solution, allowed to

stand fqrrdndovn s ; Laken gyt pdimersed in a ultrapure water, and
t hen mashed and dried. Al dehyde substrates having al dehyde groups on

the surface ther %Dl\g\&@r enebt @ medases ) H341 nG! mpbihizat '9%1.955 on the

Prinmers) An oligo (20 bases) haV|ng an amno group on'th
S -ter mSna-Ité’\@lﬁlﬁ'aiSQJé@ddh@,fs%lavé)d2§nMocaef bonate mlﬁa{%on(a@@ isrke

t hereby prepare a 10-pMoligo DNA solution. The 10 sol ution was
spotted (3idgo f, spet t ek AW ksrdphremitiioagih c1igo DNA solution. The
10 solution was spotted using a spotter (Marks-I from Hitachi
Software Engineering, Co., Ltd.) with a 100-pm-diameter
crosscut pln, respectively onto the surfaces of the plastic
substrates, the glass substrates, and the aldehyde substrates.
The individual substrates spotted with the oligo DNA were kept
15 overnight in a closed container (10 cmxib cmx3 cm) moistened
inside thereof with 200 nl of a 0.25 M phosphate buffer (pE8.5),
s0 as to immobilize tThe o©ligo DNA (primers).
[0135]
{DNA Chain Elongation Reaction)
20 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 320
of FIG. 6, a reaction system was prepared while adjusting the
concentration of the template DNA fragments to 100 pM. As the
25 enzyme system for the DNA chain elongation, a DNA pclymerase

(Ex Tag from Takara Bio Inc.) was used.

[0136]



Sof t ware Engi neering, Co., Ltd.) w:th a 100-pmdi aneter crosscut

pin, respectively onto the surfaces of .the plastic substrates, the

gl ass substrates, and the al dehyde subé rates. The individual
substrates spotted with the oligo DNA were kept 15 overnight in a

cl osed container (10 cnxl5 cnmx3 cm) noistened inside thereof with

200 pl of a Oyexg> Mh@%?@@ﬁ%lb%ffif‘c{lc@ in5)st1e&s§3@soEOFIG 6, the

i mobi lize the ollgo DNA (priners) ain Elongation

Reacti o s d r ed, 20z A8, a 0
oot i m ARy TaBel e B B R horErS ng‘%“%?*ﬁ P OPRReEA i §VR 5

the template INA {L490ERL 5t 950Q: 1 r Oﬁ%ﬁ‘?‘ut@sﬂ%&éﬁ)dz% Fl Gs Q} o r

reacti on system was prepared whi | e adjusting the concentratlon of

the tenplat e, PNA fLagnEM L pj@@cp%rﬁe 1%@ésef‘§b{ﬁ%a51yl%{cﬂ“ f-aq«rdtgr?c

DNA chain e ongatlon yner ase from Takara Bi o Inc.

was susedy | Ql%ﬁln&téz Lh'?f%ldtl %zft hetgm ew?;flq}éiwg in step S30 of

FIG 6, the anneal |ng In step 0 and the el ongation reaction in
step 850 wers carried out at 95C for 5 minutes (unfolding), 95C for
1 mnute ?unfoldlng) , 50C for 3 mnutes (annealing) , and 95C 5 for

1 mnute (unfeldhng) . d£ Q%é%@ﬁes&@@:%@f m@éﬁreg@n@"o%h@fﬁorescent

results of measurenent of fluorescent intensity ascribable

Cy3-dUTR 't%&mgegeeyl%&iet@@ ENA_ efa n eliangatd opcheagt i lo%the DNA

while prelimnarily i1 ncorporating
chain elongation reaction, while preliminarily incorporating

id Cy3-dUTP into the sample.

101383
(Table 1)
NUMBER OF BASES FLUORESCENCE INTENSITY(MPEC ELONGATION REACTION)
INPROBES PLASTIC GLASS ALDEHYDE SUBSTRATE
20 6281 3383 1725
25 3602 2412 0
[0139]
15 The DNA chain elongation on the substrates was detected

on the plastic substrates and glass substrates corresponded
to this embodiment, whereas the DNA chain elongation was
supposed as being not detected on the aldehyde substrates
corresponded to the conventional substrates.
20 [0140]

(Experiment 2)

Using the plastic substrates on which the DNA chain
elongation reaction was detected in Experiment 1, DNA chain

elongation of 20-mer, 25-mer and 30-mer probes was



10 Cy3-dUTP into the sanple. [0138] (Table 1) NUVBER OF BASES
FLUORESCENCE | NTENSI TY( MPEC ELONGATI ON CTION) I N PROBES PLASTIC
GLASS ALDEHYDE SUBSTRATE 20 6281 3383 1725 25 3602 2412 0 [0139] 15
The DNA chain el ongation on the substrates was detected on the

pl astic substrates and gl ass substrates corresponded to this

enbodi pdWEL £33 Be IV £NAL D 181 00630 h0Bn WARP ERURBRSAL A%, belg: 1 ¢,
not de?g%%§ on t%eyglgehyde substrates corresponded to the ele
convent 5ongl. |Subst § gt 851205 [0140b o (Expesi ment 2k Wsj ngnb he Rl astd ona
substr at es%%lgns%\%ic thchNA c%alén el’'dngati on reaction vva% de?ect ed

in EXpe'éilngggs Lo A chal sc%lnodq%lltc}f-é%‘s 9%35@3%@&1%@?@{ A 300y slet

pr obes was respectively carried out on the MPEC nethod in

cycl e, O§h3¥§4f§5 1Q ¢y, .§§E@@%“20 cycles, so as to anplify the DNA

chai ns, uor escent tensity was neasured when every set of
cyclses i%gq}nl'pjl eted. 5 [0141] The thermal unfolding in step S30 of
FIG 1, the annealing in step 540, the elongation reaction in step

5 i utes (URFS! Eh G Hanty Far The T e T O ebe ot T adre L
in step S$40, the elongation reaction in step 850, and the
thermal unfolding step S60 were carried out at 95°C for 5
minutes {(unfolding; only for the first time}, 95°C for 1 minute

10 (unfolding), 50°C for 3 minute (annealing) and 95°C for 1

minute (unfolding), respectively.

Results are shown 1in Table 2 below.

[0142]
(Table 2)
NUMBER OF BASES FLUORESCENCE INTENSITY (AFTER ELONGATION REACTION BY THE MPEC METHOD)
IN PROBES NUMBER OF MPEC CYCLES
1 3 10 20
20mer 6487 14012 35502 45668
25mer 3808 5348 15287 35469
is 30mer 2766 4340 9636 27939
[0143]

On the plastic substrates treated on the surface thereof
with a predetermined polymer substance, the DNA chain
amplification was detected for any length of probes.

20 [0144]

(Experiment 3)
For the purpose of SNS typing having the 21st base C from

the 5' position of 5'-Cy5-AAGGCGGGAGGGAGCGCAATCCGGGAGTTTAC



10 (unfolding), 50C for 3 minute (annealing) and 95C for 1 mnute
(unfol ding), respectively. Results are %hown in Table 2 bel ow.

[0142] (Table 2) NUMBER OF BASES FLUORBSCENCE | NTENSI TY (AFTER
ELONGATI ON REACTI ON BY THE MPEC METHOD) | N PROBES NUMBER OFMPEC
CYCLES 1 5 10 20 20mer 6487 14012 35502 45668 25nmer 3808 5348 15287

35469 13a3&dPLcRX86 4340, 9636 2939 [P143] §¥Eéhet®ﬁ§§'§ spe01es of

substrates treated on the surface thereof wth a predeterm ned

pol yrer I T gati edf
ongth B Cronaet B T0Taa] o (Brndrent 5 ot he parpote o B e

typin I 21s It
yp 9 %ﬁ‘f)sncgré@@s bsq t@1§§g@r;rér£8ca%r %?AEA@C&@ %T(relo_zl_lg??tlon

as a ”UE%%tctslé; fotal &%’&%S% b s U Ohes: £ 21uBRI0 MRIE: d §'e9§>‘%‘:dumer

and i nmobilize onthe llastic su strates Usmgthese m croarr

SNP5typ|e§Qe(r%:p&gaBInO% &gggg gré)aé@hgﬁrrl ed out based on the NPEC

(multiple primer 5 extension on a chip) reaction. [0145] The SNP
t ypi ng |§0§qﬁgled out under the presence of a

The SNP typing is carried out under the presence of a
DNA polymerase (0.05U/ml), Cy3~-dUTP (0.05 mM), and dATP, dCTP
and dGTP (respectively in a concentration of 0.2 mM) in 50

10 1l of a PCR buffer, under a temperature cycle of 95°C (1 minute)
and 50°C (3 minutes).

As a result of the elongation reaction, only
completely-matched sequence probes having a segquence
complementary with the target, which is the 50-mer DNA

15 fragments described in the above, are elcngated, and
consequently emit fluorescence.
[0146]
(Experiment 4)
The MPEC reaction described in Example 1 will be applied
20 to detection of p53 cancer suppressor gene.

High incidence of abnormalities in the p33 gene have heen
found in colon cancer and lung cancer, and abnormaliity in the
P53 gene (single pbase poiymorphism: SNP) will reduce efficacy
of anticancer agents, fail in inducing apotosis of cancer

25 cells, and thereby allows the cancer cells to proliferate.

[0147]

“dh



DNA pol ynmerase (0.05 Um) , Cy3-dWTP (0.05 nV , and dATP, dCTP and -
dGTP (respectively in a concentration gf 0.2 mM¥) in 50 10 pl of a PCR
buffer, under a tenperature cycle of 9 (1 m nute) and 50C (3
mnutes). As a result of the elongation reaction, only

conpl et el y-mat ched sequence probes having a sequence conpl enentary

wih the targehe WHCh §5:hhe %Qéﬁ?&a%r#ﬁcéé@g%%tsxﬁﬁ%'%@rda@ 4853

t he above, are el ongate and consequently emt fluorescehce.

(Exper ! geile 4hdlBe NEEGer spctdgaodesennbed: i Exarph ecd ht. b@utatlon

applied” 20 to detec Ion of p53 cancer suppressor gene. Hi gh
I nci dengg, qa‘h@b@%tr@:'d tg&éltmohhearpé?»tagnqd@/%ﬁe Bsifound be ¢@lon,s3
cancer and |lung cancer,” and abnormality in the gene (single base

POlynorg@ﬁE“h§$@)‘Mﬂlléfguﬁ%éﬁfkﬁﬁﬁx,‘gn@?%kﬁﬁ%%?ﬁuQQEHQSoJfﬂﬁe

i n inducing apotos s of cancer 25 ce and ereby all ows "t he

canaer gellis, {0; RLald E% fiieeof t[rpe%él 22 adheh SHE gagwao(rﬁé 0%9?& 'h%lng

reaction) using normal p53 gene and p53 gene of cancer cell

car i ed gt %@tégﬂst%ttﬁ@n%%ﬁﬁ Pé'aéeagwdt@n&mmb%lhzed on

position o p53 gene have cly been Known, and probes havi ng

on the %% ;tlecwwe' S uer £ gm ethe basgs alsihasey a%'§¢@e§esagcf robes
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5" -GGAACAGCTTTGAGGTGCN-3" and 5’ -CCAGGACAGGCACAAACAN-3’
10 (N=A, G, C, T) are used for the SNP typing based on the MPEC
reaction.
[0148]
(Experiment 5)
A simulation experiment for determining and analyzing
15 a base sequence based on the SBH method will be carried out.
As shown in FIG. 10, in order to make 1t possible to
determine a base sequence of a 50-mer target labeled on the
3’ ~terminal thereof with Cy5, SBH based on the MPEC reaction
is carried out using microarrays immobilized on the plastic
20 substrates thereof, 8-mer probes (50 in total) having base
sequences shifted by every single base in the direction of
the 3" ~terminal. Fifty species of probes, respectively
having one mismatched base on the 3'~terminals thereof were
also added and immobilized onto the substrates. By using the

25 SBH simulation array, base sequencing is carried out.



5' - GGAACACGCTTTGAGGTCGCN- 3" and 5' - CCAGGACAGSCACAAACAN- 3" 10 (N=A, G

C, T) are used for the SNP typing baseg on the MPEC reaction. [0148]
(Experinment 5) A sinulation experinent "t'or determ ning and anal yzi ng
15 a base sequence based on the SBH nethod will be carried out. As
shown in FIG 10, in order to make it possible to determ ne a base
sequenceofrgs 50-nmer target |abeled on the 3'-termnal thereof with
Cy5, SBH based on the MPEC reaction is carried out using mcroarrays
i mmobi li zed on the plastic 20 substrates thereof, 8-mer probes (50 in
total) having base sequences shifted by every single base in the
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DNA el ongation onto a substrate 5 having on t

surface thereof a
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acid-derived group configured by an electron-attractive
substitutive group bound to a carbonyl group;

heating a reaction system having introduced therein a
sample containing template DNA fragments or template RNA
fragments having desired sequences, an enzyme system for DNA
chain elongation and nuclectide monomers, up to a temperature
causing thermal unfolding of the DNA chains (referred to as
"thermal unfolding temperature", hereinafter):

cooling said reaction system down to a temperature for
annealing (referred to as "annealing temperature",
hereinafter); and

allowing elongation reaction ¢f the DNA chains to proceed
in said reaction system,

wherein all of these processes are allowed to proceed

in the same liquid phase system.

2. The method of elongating DNA chains as claimed in

Claim 1, having no washing process involved between the



sanpl e contai ning tenplate DNA fragnents or tenplate RNA fragnents
havi ng desired sequences, an enzyne Sys emfor DNA chain elongation
and nucl eoti de nononers, up to a tenperature 15 causing thernal

unfol ding of the DNA chains (referred to as "thermal unfolding
tenperature”, hereinafter); cooling said reaction systemdown to a

tenper abure 101 n aaa%aleﬂag_e(isﬁgart%gorétéc%';%_rﬁe%f' Noh& PRAS BLW s, in
herei nafter); ang 20 al lowi ng elongation reaction of the DNA chains

to proceged 4 ife3gakd JreagtpBsystem wherein all of these processes
are allowed to proceed 1n the same |iquid phase system 25 2. The

net hod of el ongating DNA chains as clainmed in Caim1, having no
washi ng process involved between the 57 annealing and the el ongation

reaction of the DNRCHAL NS ef_%afm;&g@%i(%orbwsxzﬁ@in%_J@ecrﬂgti&% in
of elongating DNA chains as clained in 5 CQaim1l, wherein said

enzyne systsgm {or DNA chain elongation is either one of DNA

pol ymer ase and DNA |igase, when said tenplates are DNA fragnments. 10

4. The ”EthOdeEx%Lﬂpgééiag?gyﬁﬂéﬁﬂ t@ﬁ,%b%i@%%iéha£%aéﬂﬁ%gation is

wherein said enzynme system DNA chain elongation is either

rever selianser bikasy MiadpGathidal ban 0f Dial 1928k o ANdneeY e

transcriptase, when said tenplates are RNA ragnents.

templates are DNA fragments.

10 4. The method of elongating DNA chains as claimed in
Claim 1,
wherein said enzyme system for DNA chain elongation is
either reverse transcriptase, or a combination of DNA ligase
and reverse transcriptase, when said templates are RNA

15 fragments.

5. The method of elongating DNA chains as claimed in
Ciaim 1,
wherein said group derived from phosphoester contained
270 in the first unit of said substrate is any one of phesphoryl
choline group, phosphoryl ethanclamine group, phosphoryl
serine group, phosphoryi inositol group, phosphoryl glycerol

group, and phosphatidyl phosphoryl glycerol group.

25 6. The method of elongating DNA chains as claimed in

Claim 1,



5. The method of elongating DNA chains as clainmed in daiml,
wherein said group derived fron1phosph%%ster contained 20 in the
first unit of said substrate is any oné of phosphoryl choline group,
phosphoryl et hanol am ne group, phosphoryl serine group, phosphoryl

i nosi tol group, phosphoryl glycerol group, and phosphati dyl

phosphoryl gl Wﬁ%rxcéizgrlQHEd %ﬁﬂ]@-cﬁQ?nn%tE%Q{ighori@&éflgo%s(:@@jl%ed

as clainmed in Caim1l1, 58 wherein said chai n el ongati on

reactiond g .aldoved Mi%ogﬁﬁ@uavmf%ﬂé@ge%?ytﬁleez@wwfé@@re of said

tenperature of sald reaction systemfrom said annealing tenperature

Lo said:JNerih unfdldhng LAMRES Al ULen o 17s n dhe iRtdios f celionaal i Ag
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DNA chains as cla Claim1l, wherein sai chai n el ongati on

reactiogﬂé%ﬁ%iow%qof&&g?o%%%¥ey@£hgeqhanging the tenperature of
said reaction 10 systemto a predeterm ned tenperature between said

annegling tenperature and said thermal unfolding tenperature. 8. The
nmet hod of el ongating DNA chains as clained in Caiml1, 15 wherein

each of said primghs ige &, DNAJE a0BAL ;10 M Sln GRG 1DASE, O 80388 in

sequence containing a characteristic “sequence of a predeterm ned
target gang 4 sireplaced with another base. 20 9. The method of
el ongati ng thains as clained in

wherein said DNA chain elongation reaction is allowed
to proceed, while changing the temperature of said reaction
10 system to a predetermined temperature between sailid annealing

temperature and said thermal unfolding temperature.

8. The method of eilongating DNA chains as claimed in
Claim 1,
15 wherein each of said primers is a DNA fragment in which
one base of a base séquence containing a characteristic
sequence of a predetermined target gene is replaced with

another base.

20 9. The method of elongating DNA chains as claimed in
Claim 1,
wherein each ¢f said primers is composed of a
predetermined number of base seguences, and is a DNA fragment
having 1i{s own sequence out of complete sets.
25
10. The method of elongating DNA chains as claimed in

Claim 1,



Claim 1, wherein each of said priners i s conposed of a predetermned
nunber of base sequences, and is a %ragnent having its own
sequence out of conplete sets. 25 10. ? e nethod of el ongating DNA
chains as clained in Caiml, PP 59 wherein each of said tenplate
DNA fragments is a cDNA fragnent obtained by treating a

predet ermi ned, RNAW b on T YOI d rAQREHRIASAS L honthie: #2184 ofona

el ongati ng ains as claine Caiml, wherein at | east one

speci es¢ géga@argtnaggg%ed@ newastlﬁ ntaifedid Pet-he RAPRRA with a

i ntroduced”into sal reactl system [s |abeled. 10 12. The nethod
of el ongat,ing D aCkained in Caim1, wherein each of said
primer 1s immo e surface of said substrate through a

coval ent bond forned at the site 15 of a carboxylic acid-derived
group of said substrate. 13 The net hod of el ongating DNA chains as

claigmed in ( aimdy, where tﬁ‘tdeEB éﬁfﬁlﬁgbﬁﬁﬁ“%aﬂ% aaéhéiglﬂ%'ci in
acry up

20 containing a butyl net ate gr The met hod of
el ongat |pg ;[NA chains as claimed in

wherein at least one species of said nucleotide monomers
contained in the sample introduced into said reaction system
is labeled.

10

12. The method of elongating DNA chains as claimed 1in
Claim 1,

wherein each of said primer is immobilized to the surface
of said substrate through a covalent bond formed at the site

15 of a carboxylic acid-derived group of said substrate.

13. The method of elongating DNA chains as claimed in
Claim 1,
wherein said polymer substance has a third unit

20 containing a butyl methacrylate group.

14. The method of elongating DNA chains as claimed in

Claim 1 or 13,
wherein said substrate contains, in addition to said
25 polymer substance, a second polymer substance which contains

a first unit having a group derived from a phosphoester



daiml or 13, wherein said substrate- contains, in addition to said
25 pol yner substance, a second ponnerG%ubstance whi ch contains a
first unit having a group derived froma phosphoester 60 conposing

t he hydrophilic section of a phospholipid, and a third unit which
contains a butyl nmethacrylate group. 15. The net hod of el ongati ng DNA

chains ag Al MRY khe %%@thlbli%eééiﬂﬂi%ﬁi %@u@sbags%r}]élgemqs%d a

of a plastic material. nmet hod of anplifyi ng DNA chains

conpr | SicRgirq [AHPEI hirzid PohiRIimdOh BRI aRgahbe M eagsuhni rat e

10 having on the surface thereof a polynmer substance "which “contains

a first unit having a group derived froma phosphoester conposing
the hydrophilic section of a phospholipid, and a second unit having

a_carboxylic ;aci dygler iad, 9aoyR QB £gbynan 8l£G £ 0z at i haGldyein
15 substitutive group bound to a carbonyl group, heating a reaction
systsem hay;ng { ntroduced therein a sanple containing tenplate DNA
fragnments or tenplate RNA fragnents having desired sequences, an

enzynme system,farn A GRALR LR ongaki 00 i, Swcheot s BRRGMBRSt diPial .
to a tenperature 20 causing thermal unfolding of the chai ns

(referred to as "thermal unfolding tenperature", hereinafter);
cooling said reaction systemdown to a tenperature for annealing

 hontFon'FoEcs TS PRSP AL Sy TSNP AR PR
immobilizing primers for DNA elongation onto a substrate
10 having on the surface thereof a poclymer substance which
contains a first unit having a group derived from a
phospheocester composing the hydrophilic section of a
phospheolipid, and a second unit having a carboxylic
acid-derived group configured by an electron-attractive
15 substitutive group bound to a carbonyl group,
heating a reaction system having introduced therein a
sample containing template DNA fragments or template RNA
fragments having desired sequences, an enzyme system for DNA
chain elongation and nucleotide monomers, up to a temperature
20 causing thermal unfolding of the DNA chains (referred to as
"thermal unfolding temperature”, hereinafter):;
cooling said reaction system down to a temperature for
annealing (referred to as "annealing temperature",
hereinafter);
25 allowing elongation reaction of the DNA chains to proceed

in said reaction system;



in said «eaction system 11 1 n 4 61 allow ng thermal unfolding of
the DNA chains to proceed; and allomﬁQg anneal i ng, el ongation
reaction and thermal unfolding to procéed if necessary, 5 wherein
all of these processes are allowed to proceed in the sane liquid
phase system 17. The method of anplifying DNA chains as clainmed in

Caiml16, 10 Bavidig A9 Washhag 9&9‘5@%@1&%%:% vafk bataeen {he annsalddgq;

and the elongation reaction of the DNA chains, In said reaction
system  18; The nethod of anplifying DNA chains as clained in 15
Claim 16, wherein said enzyne systemfor DNA chain elongation is

ei ther one of DA POl ¥ MBRHASE, ANty DNA ld 0ase i oWhek S8t dont &Y 8L RS ral8l

DNA fragnments. 20 19. The nethod of anplifying DNA chains as cl ai ned

in d aiuer]@ldWﬁ?r i sabdegnzyine syskemd.0r DNA chain elongation is
either reverse transcriptase, or a conbination of DNA |igase and

reveyse transghiptase, oyhen Salitk tenphaless ape RMA iza'ﬁilféﬁgﬁﬁ@os-pﬁ?ceed

20. The nethod of anplifying DNA chalns as clained
in the same liquid phase system.

17. The method of amplifying DNA chains as claimed in
Claim 16,
10 having no washing process involved between the annealing

and the elongation reaction of the DNA chains, in said reaction

system.

18. The method of amplifying DNA chains as claimed

15 Cilaim 186,
wherein said enzyme system for DNA chain elongation
either one of DNA polymerase and DNA ligase, when said

templates are DNA fragmenis.

20 19. The method of amplifying DNA chains as claimed
Claim 16,

wherein said enzyme system for DNA chain elongation

in

is

in

is

either reverse transcriptase, or a combination ocf DNA ligase

and reverse transcriptase, when said templates are RNA

25 fragments.



Claim 16, wherei.n said group derived from phosphoester contained in
the first unit of said substrate is any,one of phosphoryl 5 choline
group, phosphoryl ethanol am ne group, %ﬁosphoryl serine group,
phosphoryl inositol group, phosphoryl glycerol group, and
phosphati dyl phosphoryl glycerol group. 21. A microarray for DNA

chain el ongatjgn comalkalifa 3P angifstyals BRX BeOhd hessuilaged in

t hereof a polymer substance contains a first unit having a
group derived 1gron1a phosphoester conposi ng the hydrophilic section
of a phospholipid, and a second unit having a carboxylic

aci d-deri ved QEQQQz%gE%%ﬂynfgoggr $§&rPﬂoﬁt%B@% iMfesdar cgﬁXalned

substitutive group toa c y group; imers for

el ongat i qn, #\%gqgn%t £t e ;qUrdace: »af & glsd aﬁ’r&P% 18! 8¢ gﬁosﬁ%ﬁoryl

m croarray In e ongatlon as clal ne

wherei n E%'g Eo% ':ﬁﬂgﬁé SQQ %%%%éﬁ?ﬂ%aﬁ@%Lp'nphg%ﬂﬂé§§l
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conposed of a plastic naterlal. 5 24. The m croarray for DNA chain
el ongati on as cl ai ned

21. A microarray for DNA chain elongation comprising:
10 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
phosphoelipid, and a second unit having a carboxylic
acid-derived group configured by an electron-attractive
15 substitutive group bound toc a carbonyl group; and
primers for DNA elongation immobilized onto the surface

of said substrate.

22. The microarray for DNA chain elongation as claimed
20 in Claim 21,
wherein said group derived from phosphoester contained
in the first unit of said substrate is any one of phosphoryl
choline group, phosphoryl ethanclamine group, phosphoryl
serine group, phosphoryl inositol group, phosphoryl glycerol

25 group, and phosphatidyl phosphoryl glycerol group.



in Caim2l, wherein each of said prinmers is conposed of a base
sequence having 5 to 50 bases. 10 25. Se m croarray for DNA chain

el ongation as clained in Caim?2l, wherein each of said priners is

i mmobi lized to the surface of said substrate through a coval ent bond
formed at the site of a carboxylic acid-derived group of said _
substrate. 13526, pfhenmicioareay fol DVA ehalih &0N0aki 9l A% Llaldfka
in Caim21, erein said polyner substance has a thitd unit

cont ai n'FLplg A butyb,methacryl ate group. 20 27. The microarray for DNA
chain elongation as’'claimed in Claim21 or 26, wherein said

substrate containg.: 4 0-additin o said hsta0ce.; Anseeand .
pol ymer substancb:g% 4%% g:g%t ai ns 5% a Fi%aﬂﬁ?téﬁav ng algr{)aup
derived from a phosphoester conposing the hydrophilic section of a
phospholipid, and a third unit which contains a butyl nethacrylate
group. 64 28, ,Therm_c i l,ongat i op_as idred 5 iR q
d ai%lr% 21, Wne%éi'n gg:ed&gﬁéﬁg%gyhggéagg?’u?&%ltyq%f sggtsovq\,%t In a51 a("3
fﬁre';gigi%ecélié)ﬁ §§(5h of said spots having the prinmers immobilized

wherein each of said primers 1s composed of a base

sequence having 5 to 50 bases.

10 25. The microarray for DNA chain elongation as claimed
in Claim 21,
wherein each of said primers is immobilized fo the
surface of said substrate through a covalent bond formed at

the site of a carboxylic acid-derived group of said substrate.

15
26. The microarray for DNA chain elongation as claimed
in Claim 21,
wherein said polymer substance has a third unit
containing a butyl methacrylate group.
20

27. The micrcarray for DNA chain elongation as claimed
in Claim 21 or 26,
wherein said substrate contains, in addition to said
polymer substance, a second polymer substance which contains
25 a first unit having a group derived from a phosphoester
compesing the hydrophilic section of a phospholipid, and a

third unit which contains a butyl methacrylate group.
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28. The microarray for DNA chain elongaticn as claimed
in Claim 21,

wherein said substrate has a plurality of spots within
a certain section, each of said spots having the primers

immobilized thereto.

-



