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|.MMOBI'LI ZED CHI PS HAVI NG DNA | MMOBI LI ZED ON THE SUBSTRATES, AND METHOD FOR
AVPLI FYI NG DNA FIELD OF THE | NVENTI ON The present invention relates to
a substrate for inmobilizing DNA, peptide and so on utilized in a

nmol ecul ar biology field and a biochem cal field, particularl yj

-substrates wth excellent heat conductivity, nore parg(yc pO52¢f
substrates chenically nodified with hydroxyl group, oxyI group, . epoxy
group, am n%P“b?BEESCAéﬁd“%o on (CHO at a terminal end off the pubs§fates and
DNA-i nmobi | i zed chi ps having DNA i nmobi |l ized on the substr at es.
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FIELD OF THE INVENTION

The present invention relates to a substrate for
immobilizing DNA, peptide and so on utilized in a molecular
biology field and a biochemical.field, particularly to
substrates with excellent heat conductivity, more
particulérly to subétrates chémically modified with
hydroxyl group, carboxyl group, epoxy group, amino group
and so on (CHO) at a terminal end of the substrates and
DNA-immobilized chips having DNA immobilized on the

substrates.

BACKGROUND OF THE INVENTION

In prior art, in order to obtain a specific amount of DNA,

a heat cycle including following steps 1) to 3) has to be

repeated in a DNA amplifying step.

1) A témperature of a test piece is increased to 95°C
for untying hydrogen bond of double DNA chains;

2) Theltemperature of the test piece is decreased to 45°C
for reunifying to a primer in order to reproduction
DNA; and

3) The temperature of the test piece is increased to 74°C

so as to reproduce DNA by extending primer by



extendi ng heat-resistant polynerize. |In such a DNA anplifying reaction by
a nethod so called as PCR, a test piece with reaction solution is
contained in a tube-shaped plastic reaction container. The container is
stocked in an al um num bl ock and the above heat cycles are repeated.
However, the above anplifying reaction is repeatedly heated and cool ed DNA
wWth reaction solution so that long tine is
neededsoast oobt ai naspeci fi canount of DNA. I naddition, thermal accuracy for
control ling the reeteePdhrgobeEtorFs3isFaRts®otltyate Zhdther DNA except target

DNA is also reproduced. To, resolve the abovg drawbacks, a su 'eqé of the
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| NVENTI ON Substrates according to the present invention is characterized
of having excedtedketihenhmah goREUGHnViIdYodBrand RBI hbdvRohand aydidyi ng
DNA. These substrates are preferably dianond and di anond chem cal |y
nmodi fi ed. dheseepelbsterdates are preferably chemical nodified with polar
group, hydroxyl group, carboxyl group, epoxy group or amno group (CHO at
a term nal Eedewveryhehewbavarerlifying qaad el anlis rigate atrd Eamsmdsd gr oup

is connected to ) ) , ) .
and cooled DNA with reaction solution so that long time is

needed so as to obtain a specific amount of DNA. 1In addition,
thermal accuracy for controlling the reaction solution is
low so0 that another DNA except target DNA is also
reproduced.

To resolve the above drawbacks, a subject of the present
invention is to provide the most preferable solid-state
substrate for easily immobiliiing DNA and reproducing DNA
in accordance with the DNA amplifying reaction, DNA-
immobilized chips having DNA immobilized on the substrates,

and a method for amplifying DNA.

DISCLOSURE OF THE INVENTION

Substrates according to the present invention is
characterizedcxfhaving excellent thermal conductivity for
immobilizing and amplifying DNA. These substrates are
preferably diamond and diamond chemically modified.
These substrates are preferably chemical modified with
polar group, hydroxyl group, carboxyl group, epoxy group
or amino group (CHO) at a terminal end of the substrates.

It is preferable that the carboxyl group is connected to



a surface of the substrate through an ester bond or a peptide (am de)

bond, a carboxyl group is connected to a surface of the substrate with
Si}ane coupling agent or an epoxy group or an am no group is connected to
a surface of the substrate with silane coupling agent. DNA-inmmobilized
chi ps according to the present invention are characterized of havi ng DNA

i mobi lized on a surface of the substrates. A nethod for anplifying DNA
according to thegpresent invention i-s characterized of anplifying DNA with
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A method for amplifying DNA according to the present
invention is characterized of amplifying DNA with these

substrates or chips.

BEST MODE FOR CARRYING OUT THE INVENTION

A substrate according to the present invention is a
solid-state substrate for immpbilizing and amplifying DNA
and preferably has excellent thermal conductivity. For
example, diamond is material having one of the best thermal
conductivity of the all materials so that diamond can be
heated up/cooled down rapidly. By providing the
substrates acco;ding1n>the present invention, a heat cycle
period for repeatedly heating/cooling such as DNA
amplifying reaction can be shortened.

In substrates according to the present invention, hydroxyl
group, carboxyl group, epoxy group, amino group and so on
(CHO) are chemically modified at a surface of the substrate.
DNA and so on are immobilized easily so that the substrates
according to the piesent invention are the most suitable

material so as to replicate DNA by DNA amplifying reaction.

3



In the case that a surface of the substrate is contam nated, chips
according to the present invention can replicate chenical nodification by
Rydrol yzing. In the substrates according to the present invention, a
thermal conductivity ratio of a solid-state substrate is preferably equal
to or nore than 0.1Wcm K. Mre preferably, the thermal conductivity ratio
is equal to or nore than O0.5Wcnjerr]K.  Further, nore preferably, t he

th I t io is equal or re than 1Wcnjerr] K., If the
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alum na, alumnumnitride, titaniumcarbide, silicon carbide, silicone and
SO on can Brhetmwalconsidaertddritwhtetial o fmaxee Mid-+s tdee abave tadaesy ihed
material and ceramc can be also suitable. Further, plastic material such
as pol ycar lroreaf erahd yf lewra net ¢ esknmoare behasni ¢ abiWécm-Kf. material is
chemcally SU|tabIe the other materials nay be suitable in addition to
the above A% iBEATRERRILY  ddtanthe BRalpFadciuCct ot t Bxaable, idi &eoral and
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K. If the thermal conductivity ratio of the substrate is
equal to or more than 0.l1W/cm*K, heating and cooling can
be changed smoothly in the case that the DNA-immobilized
substrates according to the present invention are reacted
by PCR (polymerize-chain-reaction).

As an example of good'the;mal conductivity material,
diamond,metalssuchassilver,copper,aluminum,tungsten,
molybdenum and so on can be considered. Ceramic such as
alumina, aluminum nitride, titanium carbide, silicon
carbide, silicone and so on can be also considered.
Materials mixed with the above described material and
ceramic can be also suitable. Further, plastic material
such as polycarbonate and fluorine resin can be suitable.
If material is chemically suitable, the other materials may
be suitable in addition to the above described metal,
ceramic and plastic. For example, diamond and diamond-
like can be suitable. Material mixed with plastic and the
above describedlnetal, ceramic and diamond can be suitable.

As a material of a substrate made of diamond, synthetic



di anond, high pressurized synthetic dianond or natural dianond can be
utilized. These kinds of diamond may have nonocrystal substance or

poJ ycrystal substance. |In view of productivity, dianmond produced by

a vapor phase conposite nmethod such as m crowave plasma CVD nethod is
preferable. A nmethod for form ng a substrate -according to the present

i nvention may be sel ectabl e. For exanple, a mcrowave plasnma CVD net hod,
an ECRCVD net hod, a high frequency plasma CVD nethod, an | PC nethod, a DC
spatteri ng HeAPORYr af FER PEFAGME RA mBYRGER e BhE | Bh2BrRT ngt mBEdtE2hn ark
i on platinqi.nethgd an EB gegosit'on thodk.adhea resisgﬁft deposition
met hod are constHer 882 PP PE1aréS Tonsi Mt ed* L A%Fe? Aod L ABP IR Hidy TRt
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al so consi nmet hod for pressurt zi powder, ceram ¢ powder or
other materd@l dwoduBeess ol MBI NSr 88dcSiant 8K1 NG RREIIUT prm%dse
material at high tenperature. It is preferable that a surface of a
substrate acomsesbge e thed psesaNEsi MAHHE 6 WAvVES pQRRISEd 0t8b Yme@ughedi s Such
a surface is suitable for imobilizing |arge anount of DNA since an area
of the rougiheeifsurbdee i s enlarged conpared to a snooth surface. A shape
of the substrate is not restricted. A plate shape, a thread shape, a bal
shape, a poIBRfOHCINEPE, IpERA®Y ShAPE sdFR s dICeBAiBs Eonsbhgepadsent
Further, a pon$oslte type with these substrates and the other materi al

such as a dotbPRt{8fe t9pe S bRt 80 A BpBALS, a microwave

5 plasma CVD method, an ECRCVD method, a high frequency plasma
CVD method, an IPC method, a DC spattering method, an ECR
spattering method, an ionplating method, an ark ionplating
method, an EB deposition method, a heat résistant
deposition method are considered. It is also considered
a method for mixing metal powder, ceramic powder or other
material with binder such as resin. It is also considered
a method for pressurizing metal powder, ceramic powder or
other material by a press forming machine and sintering
pressurized material at high temperature.

It is preferable that a surface of a substrate according
to the present invention is conscioﬁsly roughed. Such a
surface is suitable for immobilizing large amount of DNA
since an area of the roughed surface is enlarged compared
to a smooth surface. A shape of the substrate is not
restricted. A plate shape, a thread shape, a ball shape,
a polygon shape, powder shape and.so on can be considered.
Further, a composite type with these substrates and the
other material such as a double layered type can be also

considered.



In the substrates according to the present invention, a surface of the
substrate is chemcally nodified. It is preferable that a polar group,
hydr oxyl group or carboxyl group is conprised at a terminal end of the
chem cal nodification. That is, a specific group is added
(chemcally nodified) on a surface of the substrate. By providing such
chem cal nodification, DNA becones to be easily imobilized on a surface
of the substrate. As a specific group chemcally nodified on the surface
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carbons ismepdeteeaklien n ordent oiigyohi | izace ONAic Agracipd fier adwdagi ng
to hydrocarbon radi cal, nonocarbonic acid such as formc acid, acetic
acid, and ptopeohceldy dhodii £hebbnpo aaciuk fard @f bkal sebadixhterml ohyc
acid, succinic acid, naleic acid, fumaric acid, phthalic acid, and
pol yat ormi ¢ P¥aybeiang #Miah seepnasadr madifiretacind P veeesnsisdéredPe In
the case that a substrate according to the present invention is utilized
for DNA anpfd?iKg P@eRibhesy PER® fARDUCSt Rér & e PRETEASSs. Xhedis a
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substrate and having the polar group at the terminal end,
hydroxyl group, carboxyl group, sulfuric group, cyano group,
nitro group,lthiol group, amino group, epoxy group and so
on can be considered. 1In addition, organic carbonic acid
can be considered. 1In the above described groups, carboxyl
group may be directly added to a substrate such as diamond
or indirectly added to a substrate through the other
hydroxyl group at a terminal end.
In such a case, hydrocarbon group having from 1 to 10 carbons
is preferable in order to immobilize DNA. As acid for
changing to hydrocarbon radical, monocarbonic acid such as
formic acid, acetic acid, and propionic acid, dicarbonic
acid such és oxalic acid, malonic acid, succinic acid,
maleic acid, fumaric acid, phthalic acid, and polyatomic
carbonic acid such as trimellitic acid can be considered.
In the case that a substrate according to the present
invention is utilized for DNA amplifying reaction by PCR

method, there are two cases. One is a first case in which

anti-hydrolysis characteristic is required and another is



a second case in which chemcal nodification is reproduced by hydrolysis.
I.n the case of requiring anti-hydrolysis characteristic, it is preferable
that a radical in which carboxyl radical 1is connected to a term nal end of
t he above hydrolysis radical is connected to a surface of a substrate
through a peptide (am de) |linkage so as to provide anti-al kaline
characteristic. On the other hand, in the case of rennving pr oduced

chemi cal nodification by hydrol and re rodu0|n is preferable
that a raditd1®IPMITRE it (55(’3/?1}/r"a{’cﬁr?:’aﬁ:""11“s'E %bﬁhéé‘t éd’nt dsareerfdige@nd of
t he above h%g %X%‘ §JAdical is connected to a surface of a substrate

through an dﬁ%’so as to provide hydrolysis characteristic in
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oxygen plasma and then steamng, a nethod for chloridizing a surface of a
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hydroxyl ating in al kaline solution and a nethod for oxidizing a surface of
a substrat ecafiipadxjpgesorinsred thl ar sdicfiare anfl & hewb hydrbeyltdtiawgehn

al kaline solution, |In the case of |inking hydroxyl radical to a surface of
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becones mor e sireng 3¥ treating with silane coupling agent, titanium
coupl i ng ageht 3ﬁ5 AMdmrum coupl i ng agent . 7

On the other hand, in the case of removing produced chemical
modification by hydrolysis and reproducing, it 1is
preferable that a radical in which carboxyl radical is
connected to a terminal end of the above.hydrolysis radical
is connected to a surface of a substrate through an ester
linkage so as to provide hydrolysis characteristic in
alkaline solution.

As a method for linking a hydroxyl radical connected to a
terminal end of the hydrocarbon radical to a surface of a
substrate, it can be considered a method for oxidizing a
surface of a substrate with oxygen plasma and then steaming,
a method for chloridizing a surface of a substrate by
irradiating ultraviolet light in chlorine gas and then
hydroxylating in alkaline solution and a method for
oxidizing a surface of a substrate with oxygen plasma,
chloridizing and then hydroxylating in alkaline solution.
In the case of linking hydroxyl radical to a surface of a
substrate, chemical modification with carboxyl radical and
Sso on becomes more strength by treating with silane coupling

agent, titanium coupling agent and aluminum coupling agent.



As a'nmethod for linking a radical in which carboxyl radical is connected
to a termnal end of a hydrocarbon radical is connected to a surface of a
substrate through a peptide (amide) linkage, it <can be considered a
method for chloridizing a surface of a substrate by irradiating
ultraviolet radiation in chlorine gas, amnating the radical by
irradiating ultraviolet radiation in ammonia gas, reacting with carbonic
chloride in nonaqueous solvent and then neutralizing the radical in

al kal escent®23d FEiPd TRF & it & 52 IGAd AG YPA&d €aFPiok Xvhitdf %@ boxyl
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weak acid solvent or a nmethod for oxidizing a surface of the substrate
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reacting with carbonic chloride in nonageous solvent and then neutralizing
the substrateramizliledl eseelita tsichnit iion. ch lendiote meys, ofartiveat pngsenhe
invention will be described in detail hereinafter. (EXAMPLE 1) A vapor
phase synt hetfdecaildndid Tofdivht ERI 0t dier Bt ol & toradi ada¢ nal p HmkeRR53 935 0. 3mm
is produced by a, mcrowave plasna CVD nethod. Then, the dianond is
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As a method for linking a radical in which carboxyl radical
is connected to a terminal end of a hydrocarbon radical is
connected to a surface of a substrate through an ester
linkage, it can be considered that a method for chloridizing
a surface of the substrate by irradiating ultraviolet
radiation in chlorine gas, reacting with carboxylic soda
in nonagueous solvent and then neutralizing the substrate
weak acid solvent or a method for oxidizing a surface of
the substrate with oxygen plasma, chloridizing,
hydrolyzing in alkali solution, reacting with carbonic
chloride in nonageous solvent and then neutralizing the
substrate in alkalescent solution. Embodiments of the
present invention will be described in detail hereinafter.
(EXAMPLE 1)

A vapor phase synthetic diamond of which diameter is 64mm
and a thickness is 0.3mm is produced by a microwave_plasma
CVD method. Then, the diamond is polished so as to have
a uniform thickness of 0.25mm. With respect to a polished

surface of 10mm x 10mm, absorption strength of 2879%cm™?



mhlch Is resulted fromstretching vibration of carbon and hydrogen is
measured by FTIR nethod (Fourier transform infrared spectroscopic
analysis nethod), eachneasured value is alnobst constant. Several pieces
in size of 10nm x 10mm are cut fromthe dianond by | aser beam Each piece
Is utilized as a test piece of enbodinents 1 to 6. 1In the enbodinent 1, a
surface of the dianmpnd is oxidized with oxygenplasnmaenergi zedbym crowave.

hen, th bl e, fl ask d th bl
(laok ‘1 ctPhrEF el SpiRog damn ShHS e Cthtnt 1R EPEASY ot ea TR 2hd
separabl e fﬂﬁg??gge fd au%@as%r@%at 3?I %) I%O()n[ee“L%l (}h 30m n| utes tand t hen

cool ed do er the 1esf piece 1n the separa Ts pi e Up up and

dried in orgegrfeeabt @b@c@r%mmwar}gawgiQxyrl\efﬁlgbl?al e 3LaLE Ja Al gnd.
Af t er pol i shi ngasurfaceofthedi anond, the dianond is treated wth oxygen

pl asma and &4 ea& i peakmosttr era,gltsltaaft hydsexytallagiealesi S nmRaAY @fe byongn SI M5
nmet hod (secondary ion mass analysis nethod). Upon conparing with a peak
strengt h ofx ydrogene asutl, ftdmw preakdsémendt hyolatke bewdr.oxEaamgiicade i s
shown in Table 1. Table 1 Process Peak strength of
hydr oxyl is utilized as a test piecergdi gaboﬂfq@nmnmr@ a Burfhee
0.14 After lasma 0. 70 treatnent After, steam treatnment

1.14 As shoWP?ﬂl¥*gBIteﬁ %)h%uﬁéaﬁesﬂfen‘gtfﬁ g 2pR@ hyidt ox¥ L iz & d’é’rtlils

i ncreased by, the n BYIE sima. Lreat ment and_t he @ eam %%eat ment .

t he
result, it xsy?ecc}’gmenﬁpetrh AR r’f'glcl ot Srond™Fec ﬁ%%ﬁﬁ”rﬁ)‘ﬁ?fled

W th hydrogﬂ set in a separable flask and airgin the separable flask
is substituted with steam. While steam is filled into the
separable flask, the flask is heated to 400°C for 30miniutes
and then cooled down.

After the test-piece in the separable flask is picked up
and dried in order to obtain diamond having hydroxyl radical
at a terminal end. After pol.ishing a surface of the diamond,
the diamond is treated with oxygen plasma and steam, peak
strength of hydroxyl radical is measured by a SIMS method
(secondary ion mass analysis method). Upon comparing with
a peak strength of hydrqgen as 1, the peak strength of the

hydroxyl radical is shown in Table 1.

Table 1

Process’ Peak strength of hydroxyl
' radical

After polishing a surface 0.14

After Oxygen plasma |0.70

treatment .

After steam treatment 1.14

As shown in Table 1, the peak strength of the hydroxyl
radical is increased by the oxygen plasma treatment and the
steam treatment. As the result, it is recognized that a

surface of diamond is chemically modified with hydroxyl



radical. (EXAWPLE 2) After polishing a surface of vapor phase synthetic

di anond obtained in the enbodiment 1, a test piece in size of 10mm x 10nmm
i's, cut off by laser beam The test piece is set in a separable flask and
air in the separable flask is substituted with argon gas. While chloride
gas of which flowrate is 1 SCCM the surface of the dianond is
chloridized by ultraviolet beamirradi ated Hg- Xe | anp of which main

wavel ength is 3600A for 60m nutes. After substituting the air in the
flask with 239bfiddas, the test piece is picked up. After boiling the test
piece in sogé%mépg%drqxi de solution of 10w % for 15m nutes, the test piece

I s cleaned an ried’i'n order to obtain a dianond having hydroxyl radical
at a term r- i shi h c t |
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case that the peak strength of hydrogen is 1, each neasured peak strength
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Process Rati o of peak strength Hydr oxyl
radi cal Ghl oreiprrakbecaflad kerarpdbl iashr ngna Ohd4 separable flask is
surface After chlorodi zing 0. 20 0.50 After sodi um 0. 47

0. 35 hydr ox} s i E3tPchtv iash shpdAni BaFabl #hd le [eh bhenkdst geagtaf ofh i ¢

hydrool raglgal, s, ey eqsegchy ohiglodizipg and Lregling mth
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chloridized by ultraviolet beam irradiated Hg-Xe lamp of
which main wavelength is 3600 A for 60miﬁutes. After
substituting the air in the flask with argon gas, the test
piece is picked ﬁp. After boilin§ the test piece in sodiﬁm
hydroxide solution of 10wt% for 15minutes, the test piece
is cleaned and dried in order to obtain a diamond having
hydroxyl radical at a terminal end. After polishing the
surface of the diamond and chloridizing the diamond by the
SIMS method, peak strengths of hydrogen, hydroxyl radical
and chlorine radical is measured, respectively. 1In the
case that the peak strength of hydrogen is 1, each measured

peak strength of hydroxyl radical and chlorine radical are

shown in Table 2.

Table 2 _
Process . Ratio of peak strength
Hydroxyl radical Chlorine radical
After polishing a [0.14 -
surface
After chlorodizing [0.20 0.50
After sodium [0.47 0.35
hydroxide
treatment

As shown in Table 2, the peak sterngth of the hydroxyl

radical is increased by chrolodizing and treating with

10



sodi um hydroxide. As the result, it is recognized that a surface of
dianond is chenically nodified with hydroxyl radical. = Judging fromthe
‘reduction of chlorine radical, it can be recognized that the chlorine
radical is substitute by hydroxyl radical. (EXAMPLE 3) A surface of a
vapor phase synthetic dianond obtained in the enbodinent 1 is polished. A
test piece in size of 10 mMmm x 10 mmis cut off by |laser beam After

oxi di zing a surface of the dianmnd with oxggen pl.asma energi zed by mcro
wave, the 32 HEBeNEATONE W andhtl $he TP BP1 i 28 48 EPAPIAL 2R tHRAt 4R anond

in the enbodi Af ter, bStltU ere. n a flask_ with
argon gas, 1he ?estcﬁfé% 3 %ndpﬁfkg e yt@ Jgﬁégg mqﬁﬂf?%yéodlum

hydroxi de J.Sé.)JiPE'aQn (!Tg.\gtg%rh%/? 011'? HHJ' lI’lC'E% gn§9 gﬂgot r:?.%ne %ralde' abl;A‘S

the result, a diamond w th roxyl erm na
obtai ned. {& AGLYeIROEE WL & J@ﬁa@"&\@e @il@lne@aﬂqéﬁfq sogu%sq:' apnd s

polished, treated with oxygen plasna, chlorodized and treatedw th sodi um
hydr oxi de, peakydsbxengtdadiclydrogen, hydroxyl radical and chloride radia
i s measured, respectively. In the case that the peak strength of
hydrogen i s(BXAMEER Peasured peak strength of hydroxyl radical and
chloride radical is shown in Table 3, respectively. Table 3 Process

Rati o of pe“aks‘é%fféﬁ@tﬁf a vapor phase s yniahertohgy | d ¥ ampedl ob t@dlrrd den

radi cal Aft ishing.0, 14 surface After oxygen 0. 70 pl asna
treat nent fle enbS: "Ilmﬁdntteil thiRe btrbefg oRo4est piece g sizg o g]ﬁ@“ﬁ%r

sodium 0.5 33 hydr.o |de tr t ment shown in Table 3,
t he peak Sé?end?%ls cuja?ngFYra ¥8§|§ %3 TH ox1d121ng a surface

of the diamond with oxygen plasma energized by micro wave,
the surface of the diamond is chloridized as similar as the
diamond in the embodiment 2. After substituting
atmosphere in a flask with argon gas, the test piece is
picked up. The test piece is boiled in sodium hydroxide
solution (10wt%) for 15minutes, cleaned and then dried. As
the result, a diamond with hydroxyl radical at a terminal
end can be obtained. 1In accordance with the SIMS method,
a surface of a diamond is polished, treated with oxygen
lplasma,chlorodizedandtreatedwithsodiumhydroxide,peak
strength of hydrogen, hydroxyl radical and chloride radial
is measured, respectively. In the case that the peak
strength of hydrogen is 1, each measured peak strength of
hydroxyl radical and chloride radical is shown in Table 3,

respectively.

Table 3 _ :
Process Ratio of peak strength
Hydroxyl radical Chloride radical
After polishing [0.14 -
surface '
After oxXygen |0.70 -
plasma treatment '
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is increased by the oxygen plasma treatnent, chlrodization, and sodi um
hydroxide treatnent. AS the result, a surface of the dianond is chem cal |y
nodi fi ed with hydroxyl radical. Judging fromthe reduction of chloride
radical, it is recognized that the chloride radical s substituted by
hydroxyl radical. (EXAMPLE 4) After polishing a surface of vapor phase
synthetic diamond obtained in the enbodinment 1, a test piece in size of 10
M X 10 N fEeeWn 6T oBY Ziaxe] o eam |he_te§t_ PR 4s set T &a
separ abl e fAggkrand ai T s id}| 6CBal abl € 11 ask 1S [pulstTrtuted w tir—argon
gas. Wil el gphisekdaegas of whigh flowrate is 1SCCM the surface of the
di amond i s| tedhemneditzed by ul tfaviol et beam i rradi ated Hg- Xe | anp of which

i- | engt 360 or 60 m nut tituting he air in
The f1ask viTH 2 3B BaEaBba B <RE NPSH hel PGP APOAadBHodE S0t ot e
sebaci c SOd@s qfnéf’ga/.@e@fb}gﬂe%xbﬁeﬂd;gfﬁsmé 1919@ @Héﬁrt ih?gtodlr}
separable flask so as to reflux fTor ours. After pi'cking up the 15t
pi ece, theai@siodiasenvarexaanedidnerehicc agkdegal vois@n 1 ,rfapéganed

with acetone and then dried. As the result, a dianond with carboxyl

radi cal COI‘b‘tEG:ﬂu&ddﬁam@nIcEimd’lﬂémﬁadlllynnwﬂl6he3&bﬂ€h%y&£ﬁ&xir§ “onegied to
ester linkage. In accordance with the SIMS nethod, a surface of a di anond
is polishetadghhor dth red téred tedatbdown tmfselha(dlticse)da,adrieaﬂa, it 1is

12 strengt hs of hydro en hydroxyl radical and chlorine

radi cal is TREQGRAAS T ckprEt it yohlgite cA38icRdt & heulpeaktstedngen of

hydr ogen |sh drggg:{ r‘_:ladlucr‘_ied peak strength

(EXAMPLE 4)

After polishing a surface of vapor phase synthetic diamond
obtained in the embodiment 1, a test piece in size of 10mm
X 10mm is cut off by laser beam. The test piece is set in
a separable flask and air in the separable flask is
substituted with argon gas. While chloride gas of which
flow rate is 1SCCM, the surface of the diamond 1is
chloridized by ultraviolet beam irradiated Hg-Xe lamp of
which main wavelength is 3600 A for 60minutes. After
substituting the air in the flask with argon gas again,
N,N-dimethyl formaldehyde solution of sebacic soaa of 1wt$
of 100ml is added. A condenser is set in the separable flask
so as toreflux for 2 hours. After picking up the test piece,
the test piece is cleaned in acetic acid solution (1lwt$%),
cleaned with acetone and then dried. As the result, a
diamond with carboxyl radical connected to a terminal_end
in which sebacic acid is connected to ester linkage. In
accordance with the SIMS method, a Surface of a diamond is

polished, chloradized and treated with sebacic soda, peak

12



of hydroxyl radical and chlorine radical is shown in Table 4. Table 4

Process Rati o of peak strength Hydr oxyl
radi cal Chl orine radical After polishing a 0.14 -
surface After chloridizing 0.20 0.50 After sebacic soda 0.40

0.34 treatnment As shown in Table 4, the peak strength of the hydroxyl

radi cal is increased by chloridizing and the sebacic soda treatnent. In
accordance wth a FTIR nethod, absorption strength whjch is resulted from
S roton ng YEEFABERE of L cAYBBAIATA. hpdCSee hnd S b (ROt stHCt gt oh
Is resulte [ st.ret chi lLbrati . on d,.gxyaen ar measur ed
by FTIR met'ﬂ%%iggjsl rflﬁetf[‘regsgl}?fgéécﬁgggggg%t‘?%%y'st?‘gna ?%S!enctﬁleaa%e © .
(increasi ngpéaklaotpéna_teﬁosetn%@rogsﬁepgtiﬁ, Waldh meRAfled @&l TN Df Rk 1S
about 30% . Thereby, it can be recognized that a surface of a dianond is
chemi cally ¢pthfaedxyilt badicadi aald ch 1w iohe cardDxyl is adicamh is €omnect ed
at a termnal end of hydrocarbon radical of sebacic acid. It is

recogni zed 4hat the chlorine radical is substituted by the hydroxyl

radi cal since the nunber of chlorine radical was decreased. (EXAMPLE 5)
13 A surface of a vapor phase synthetic dianond obtained in

the enbodinent 1 is polished. A test piece in size of 10mm x 10mmis cut
of f by laser beam After oxidizing a surface

Table 4
Process Ratio of peak strength
Hydroxyl radical Chlorine radical
After polishing a |0.14 -
surface
After chloridizing [0.20 0.50
After sebacic soda (0.40 0.34
treatment

As shown in Table 4, the peak strength of the hydroxyl
radical is increased by chloridizing and the sebacic soda
treatment. In accordance with a FTIR method, absorption
strength which is resulted from stretching vibration of
carbon and hydrogen and absorption sfrength which is
resulted from stretching vibration of carbon and oxygen are
measured by FTIR method. As the result each absorption
strength is increased (increasing ratio of absorption
strength with respect to diamond blank is about 30%).
Thereby, it can be recognized that a surface of a diamond
is chemically modified with a radical in which carboxyl
radical is connected at a terminal end of hydrocarbon
radical of sebacic acid.

It is recognized that the chlorine radical is substituted
by the hydroxyl radical since the number of chlorine radical
was decreased.

(EXAMPLE 5)
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of the dianond with oxygen plasma energi zed by mcro wave, the surface of
tthe dianond is chloridized as simlar as the dianond in the enbodinent
2. . After substituting atnosphere in a flask with argon gas, the test
piece is picked up. The test piece is boiled in patassium hydroxide
solution (10w% for 15m nutes so as to nodify hydroxyl radical at a
surface of a dianond. After drying, a test piece is set in a separable
flask in which. a condenser with a calciumchloride dry pipe at an upper
portion thekedRTE8 ey oty fycthP o ByPRAAARNG YOG o Or i 8POBGno P4 ned 1n
triethylam pe of. 1lg, at phere in the flask is substituted with argon
gas. z\hi I e{'?ﬁee’g]%f)gligﬁlne il égkp?islﬁhsgéd % f’ﬁsi%cg,leg(?l afi dh2Cof L chYBPof orm
50m and s i chl or.i i radual | s After_refluxing for
4 hours, tlﬁ}gcltde}és(rtl lle1eche1j' %gfﬁ%iyggggearp,gegﬁléané tvﬁq?%%%o(%ﬁgs?%rﬁ csal‘lrlfo%?l% e
sol ution oforl €N % ish8a0CH1 ¥h! Hx9680h0PE a3k LRRY FH &4 by 451 4 DS hL5Ul L,
it is obtained a dianond with nalonic acid connected through ester |inkage
of which a tkendwataesdofstEonnenteldtOs &hXar boxykdradi €ahilke ascerdance
with the SIMS nethod, a surface of adianond is polished,
t reat edwi t hdkggengdl asima, tbhl orindiobidpe hydr 8xyl at edftaed t sedtsed i thng
succinyl chloride, peak strength of hydrogen, hydroxyl radical is
measur ed, r2&peEPheglsy . in |y fheskadE thhatrhepedie sot righgt hessf PHyalrogen is
1, a neasured Eegk stre,{rzll)gth of hg/,droxy,l radi cal, is shown in_Table 5.
PickeaniR 5 PPECRIE®

14 iece’is boiled in papég?iug\t Ihé(ﬁigrtqf(id?ati 0

of - . h (cji,ro 4 dical_ _After li.shing, a surface
lut m#%

0.14 After °° uoiflaélen(lowvf)i agﬁﬁ g : 1-Féegt rsré)ntasAf‘ioermgﬁf‘gyoélly%rn%xyi

0.21 radical at a surface of a diamond. After drying, a test

piece is set in a separable flask in which a condenser with
a calcium chloride dry pipe at an upper portion thereof is
arranged. By adding chloroform of 50ml and triethylamine
of 1g, atmosphere in the flask is substituted with argon
gas. While the separable flask is cooled with ice_, solution
of chloroform 50ml and succinyl chloride of 10g is gradually
added. After refluxing for 4 hours, the test piece 1is
picked up, cleaned with potassium éarbonate solution of
l10wt%, cleaned with acetone and then dried. As the result,
it is obtained a diamond with malonic acid connected through
ester linkage of which a terminal end is connected to a
carboxyl radical. In accordance with the SIMS method, a
surface of a diamond is polished, treated with oxygen plasma,
chloridized, hydroxylated and treated with succinyl
chloride, peak strength of'hydrogen, hydroxyl radical is
measured, respectively. In the case that the peak strength
of hydrogen is 1, a measured peak strength of hydroxyl

radical is shown in Table 5.
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After hydroxyl ating 0. 70 Succinyl chloride treatnment 0.50 As shown
n Table 5, the peak strength of the hydroxyl radical 1is increased by
oxygen plasma treatment, chloridizing, hydroxylating and the succinyl
chloride treatnent. In accordance with a FTIR met hod, absorption strength
which is resulted fromstretching vibration of carbon and hydrogen and
absorption strength which is resulted fromstretching vibration of carbon
and oxygen[®ielensasured. AS (he result each absorption strengtir s
increased (pneeeasing ratio of absorpir ofireGkENTER rWHdth T ESBEI o1 O JEgmond
blank is apout 259 . Thereby, it can be|neeegriyzed-4datad surface of g
di anond i[sAfhen pallliyhinds f & eduwifklzea radi.cal 1 n whi ch carboxyl  radi qal
i s connectiedfaera ternmxwernd of phpdmachoban radi cal of malonic acid.
(EXAMPLE o)treasuebhdce of a vapor phase synthetic dianond obtained in |[the
enbodi ment | Afterpghiloretiizingest piece |A-.8ilze of 10mm x 10mmis cut |off

by laser begafter Ahyerangkiging a surface0.30 the di anond with oxygen

pl asma ener§ioednyy ghdrar igeetrepttamenty { Bc&00f the dianmond is chloridized
as sinilar 86 bRewndiiadpiR (e EARORIcNBNt s £y o nfLROSANEL B SP@{ abl e
flask in which the test piece is set ?S suﬁ%tf?ﬁ? gpmnth g?g%ﬁaﬁi.PQ%%|le

anmoni a gasc&fiical is 1ncwmdﬂbé|OﬂyrmﬁkiéeﬂSCQMdéhé'|E§@dﬂﬂéhéhe
flask, the surface of the dianond is nodified with am no acid by .

i rradi ati ngchil or dditeliety hehydprooduiceti by aidy- Xhd aspcefinyihi eth @t Nde
wavel ength is 3600 A for 60m nutes. After substituting the air in the
flask with ZFYpRmeaE, alnc@fdardanopt Highcal TR ctdordde dbypopipeios

provi ded at

strength which is resulted from stretching vibration of
carbon and hydrogen and absorption strength which is
resulted from stretching vibration of carboﬁ and oxygen are
measured. As the result each absorption strength is
increased (increasing ratio of absorption strength with
respect to diamond blank is about 25%).

Thereby, it can be recognized that a surface of a diamond
is chemically modified with a radical in which carboxyl
radical is connected at a terminal end of hydrocarbon
radical of malonic acid.

(EXAMPLE 6)

A surface of a vapor phase synthetic diamond obtained in
the embodiment 1 is polished. A test piece in size of 10mm
X 10mm is cut off by laser bean. After'oxidizing_a surface
of the diamond with oxygen plasma energized by micro wave,
the surface of the diamond is chloridized as similar as the
diamond in the embodiment 2.

Atmosphere in a separable flask in which the test piece is

set is substituted with argon gas. While ammonia gas of
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anupper porti onoft heseparabl efl ask. Chlorofornof50m is added into the
flask ‘and then atnosphere in the flask is substituted with argon gas. In
the next, while the separable flask is cooled anong ice blocks, chloroform
solution of 50mM with succinyl chloride of 10g is gradually added. After
refluxing for 4hours, the test piece is picked up. After cleaning the test
pi ece with potassium car bonate solution (10w %, the test piece is

cleaned with acetone and drie As the result, .a amond connected with
mal oni ¢ acﬂ’H”rﬁPoG&t?“be’b?Fﬁellsl AEMof s i Lhed tlé‘rtr‘h nat® ehd 3 ,conhiet ed
to a carbox adical . n agcordance wth SI.VS peak stren ths of
hydr ogen, %yd%oxyl radl (l:’al cgndmcﬂ ori nem?g f%z‘fldm3 ?rgasuredo bef:ordg fach

treatnent, §eSpRELIMGIY uwildld Bo %ebgm g Pea by! éeﬁgf_&eoflmgraaen s

1, each rreasured peak “strengt roxyl radi cal chl ori ne radi cal

are shown iy TRl &a iy W%Q'ea_eﬁldd:{@(?@%s 3600 A forR%to'thPJtQEak si£€0gth
Hydr oxyl radi cal Chl oride radical After hydr ogen 0. 06

- plasma treabsehtuAfittey e¢hleoradicziing Ghxl flask with arQodh’/ fhker a
amno 0.18 0.10 treatnent After succi nyl 0.58

0.10 condenser with a calciuMGhloride dry pdleodisde raeadewnd t As
shown in Table 6, the peak strength of the hydroxyl radical is increased
by hydr oger? bIEPHRE PrEA AP T L seHak b ke, L Yotk oxyF i PAG tard PR Sukci nyl

chloride treatpent. ,ln accordance wth a FTI R net hod, absorption _strength
which is re’sﬁl?gﬁ oflr MR t&t hﬁaﬂ Ski BPt E8% "o LT BRAT End Phy o der? Skd

absor ption §§r§QQEQfMHé¥hi§ith argon gas.
In the next, while the separable flask is cooled among ice
blocks, chloroform solution of 50ml with succinyl chloride
of 10g is gradually added. After refluxing for 4hours, the
test piece is picked up .. After cleaning the test piece with
potassium carbonate solution (10wt%), the test piece is
cleaned with acetone and dried. As. the result, a diamond
connected with malonic acid through peptide linkage of
which a terminal end is connected toc a carboxyl radical.
In accordance with SIMS method, peak strengths of hydrogen,
hydroxyl radical and chlorine radical is measured before
each treatment, respectively. In the case that the peak
strength of hydrogen is 1, each measured peak strength of

hydroxyl radical and chlorine radical are shown in Table

6.
Table 6 .
Process Ratio of peak strength
Hydroxyl radical Chloride radical
After hydrogen [0.06 -
plasma treatment :
After chloridizing [0.21 0.47
After amino [0.18 0.10
treatment
After succinyl [0.58 0.10
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resulted fromstretching vibration of carbon and oxygen are neasured. - As
the result, each absorption strength is increased (increasing ratio of
absorption strength with respect to dianond blank is about 25%. Thereby,
it can be recognized that a surface of a dianond is chemcally nodified
with a radical in which carboxyl radical is connected at a term nal end of
hydrocarbon radi cal of malonic acid. Regardlng dlannnds with a radical of

by the e 3 Ed 0 P ed
with the d|%%ﬁa§wnAth%rT58 & iy oRhBehdsk aSt‘f)?ééé'ther : nEHeammtowlDNA
can be obtain p chem cai %Pm)dl fied according

d. di th di
to the pres’é?‘n% Fﬁ\]/en ?(r)nllr}’a lfee?e?’r?hgrgghl g‘lyld(fé’gr%fﬂl a ol |r§(?trﬂfcrl"5rc

acid may be, ;i,zed at dr di n

car boxyl dl:“ggPQ\l(/i\nltzh drg)1 %tr)’%%ﬂ Hﬁ EP eav\,ﬁl CCB{H c%‘ergrflde
arrangerrenttféamleﬁttl Vel Sk eaRaL Wlttfﬁ rae%ﬁepﬁ 1 &ch 58, Ol ho%ﬂwi@hc
acid may be inmobilized so as to utilize as a DNA |1 brary ch

AlternativedyrehhthawHitdhi ze a$s&ﬂﬂéuafyoﬁystmaﬂuﬂiﬂ¢nglbratlon of
17 nucl eoti de, oligonucleotide, DNA flagnent and so on a
di anond surdéackeen (EXAVRLEdTYgedi tawmd umicerip tdeooi reutangbdarehdthwhish a
dianeter is 64nm a thickness is 0.1mm and surface roughness is RA=0.1mm
is vapor phagelspdt hesmzelr pychimigghibrediacy prashanGyd ey dhod.aret est

i ece of 3mmx5mmi s cut fron1the circul ar
P measured. As the result, each absorption strength is

increased (increasing ratio of absorption strength with
respect to diamond blank is about 25%). Thereby, it can
be recognized that a surface of a diamond is chemically
modified with a radical in which carboxyl radical is
connected at a terminal end of hydrocarbon radical of
malonic acid.

Regarding diamonds with a radical of which a terminal end
is chemically modified with carboxyl radical obtained by
the embodiments 1 through 6, reaction for amplifying DNA
is treated with the diamonds. After passing one hour, a
predetermined amount of DNA can be obtained.

Regarding the diamond chip chemically modified according
to the present invention, a terminal chloride radical of
oligo nucleic acid may be immobilized at a terminal hydroxyl
radical or a terminal carboxyl radical with hydrogen bond,
then DNA of which chloride arrangement is relatively
supplement with respect to the oligo nucleic acid may be
immobilized so as to utilize as a DNA 1library chip.

Alternatively, it may utilize as a library by immobilizing
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board by | aser beam A result of measuring thermal conductivity ratio
is 0.44Wcm K. In the enbodinent 7, a surface of the test piece is
oxj di zed with oxygen plasma energi zed by high frequency. Then, the test
piece is set in a separable flask. After substituting air in the flask by
steam the flask is heated up to 400[err]C for 30 mn while steamis flown
inthe flask, the flask is left as it is for cooling. The test piece is

i cked d .dried. As the result, a substrate_of which a term nal end
havi ng & holii GkoP Chg caP Lod T AR BT A80, DiFr TAESTCRT @At 1B O ¢ Ro

substrate ig.dippedjna silane coupling solution so as to obtain a
substrate co%/ereg V\,ist"‘hr]r szﬁsahe coupling agent. The substrate is directly

contacted wgRamdrRel#y er el ement as heating/cooling neans so as to
thermally control the substrate. Then, the following PCR nethod is
operated. 1 DbNAnNKMMOOAkbZdlel ©D)culld i Pearaase wifi SIRNAL L RETSENYET6 4NA)
oligo-dT[err] is imobilized on a surface of the substrate. On the other
hand, in the ctasekoksgDNA ¢ génanaodDNAY £ acel egorod 0t iide RA¥aVI hamt at get
limt enzyme portion is imobilized by chem cal ester |inkage
reaction. YaPPhephaae BHnthesdasd by iambbihi fireg DN ( Rédmpsmene®V ar y
DNA), nRNA and .immobilized oligo-dT err% is hybridized with all RNA
sol uti on ext?hBPEd f PoirefitsPdehPeltmuemy {3uwFHEnpErRt e b2 T to

4 C. [Th th bstr at ist | | trolled f 7 Ct
S0 or 1] C ario R RYneHT 5o B RT By Tt Rior B8 STRartd | Ree) e 1 n-

such a case,  gDNA. i.mobiljzed, by Oq&t&pﬂéﬁg joward 5 of inmmmobilized

ol i go-dT[errT FS Ut zed:
In the embodiment 7, a surface of the test piece is oxidized
with oxygen plasma energized by high frequency. Then, the
test piece is set in a separable flask. After substituting
air in the flask by steam, the flask is heated up to 400%C
for 30 min while steam is flown in the flask, the flask is
left as it is for cooling. The test piece is picked up and
dried. As the result, a substrate of which a terminal end
having a hydroxyl radicél can be obtained. Further, a
surface of the substrate is dipped in a silane coupling
solution so as to obtain a substrate covered with silane
coupling agent. The substrate is directly contacted with
a Peltier element as lheating/cooling means so as to
thermally control the substrate. Then, the following PCR
method is operated.
(DNA immobilization)
In the case of mRNA (messenger RNA), o0ligo-dT 4., is
immobilized on a surface of the substrate. On the other
hand, in the case of gDNA (genomic DNA), olegoﬁucleotide

having target limit enzyme portion is immobilized by

18



Sol ution of synthdized i mobilized cDNA ad mRNA in hybrid condition is
heated to 90[err]C so as to dehybridize nRNA, reaction solution is
Substituted by TE buffer solution (Tris-EDTA), the substrate is again
cooled at a low tenperature fromO[err]Cto 4[err]C and cleaned with
ethanol. As the result, refined i mobilized cDNA chip in a condition of
a single chain is produced. |In the case of gDNA immobilization, as simlar

as the abov ol.i gg-dT[errl, inmobilized. ol egopuc] eoti de_hayvi ng a target
limit enxyn%h%%?’ﬁggnelss eirnhﬁﬁﬁ]ﬁﬁgzeed:e&"tal%ﬁrfagﬁ BretheXtsubRtThE 2
accor di ngt of pe 111NV, [ on n t ti ol utj for
chem cal Igy %ﬁ’rrg%ﬁﬁ?gtaltﬁqozﬁr%(js %B]kq)éti ?Et%g%q%ymﬁ%%%?§on8é}%ﬁdti té“r%'&f}}]cl alljl?:lf‘{ng

hybrid si deimﬁbsgqau@deotdﬂfg@ndT%_tzgrgleé. |ﬂ§ﬂ$£i_@ri‘§)é%"\e_ ith! A1 rya
tenperature fromO[err]Cto 4[err[C. After 'hybridi zati on between each

ol egonucl ecé b ler ibhee Stubatcrate firsmhens edetn S HeAT b€ $QA oS enpR rLilire t he
sem -solidified limt enzyne of ol egonucleotide. After cutting the
limt enzyntrom teffperabure ©f.therhen, the substrate is thermd®lly
substrate is shifted to a range of fromO[err]Cto 4[err]C. The solution
is substituwentbplieactformsal i 6o i6cCudimg aDNauts pieltes bk edDd WRTh t he
target limt enZéme and Ligase enz The tenperature of the

ne.
substrate $%%2Y&§ai (REYREP aé[é’EF‘E%céiiPEFls]e@ 'so A% tYIGRt ALi Gase r ek Pon.

I, (900 LAJEBRILLAGE S, LB, 10RN) { BB Sl oea s Brgduced

substrate ocglgg)gté\dirrm_%)i Liszed ;Ghi psy above
Solution of synthdized immobilized ¢cDNA ad mRNA in hybrid
condition is heated to 90C so as to dehybridize mRN2,
reaction solution is substituted by TE buffer solution
(Tris-EDTA), the substraﬁe is again cooled at a low
temperature from 0°C to 4°C and cleaned with ethanol. As
the result, refined immobilized ¢DNA chip in a cbndition
of a single chain is produced.
In the case of gDNA immobilization, as similar as the abové
0ligo-dT, 4.5, immobilized olegonucleotide having a target
limit enxyme portion is immobilized on a surface of the
substrate according to the present invention. 1In the next,
reaction solution for chemically immobilization is
substituted by reaction solution including hybrid side
olegonucleotide and a target limit enzyme at a low
temperature from 0°C to 4°C. After hybridization between
each olegonucleotide, the substrate is heated to 37%C so
as to cut the semi-solidified limit enzyme of

oclegonucleotide.

After cutting the 1limit enzyme, a temperature of the
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produced on a surface of the substrate, these chips can be separated to
different containers corresponding to its respective purpose described
below. [err] Conparison of gene variation of the same kind of tissue

and cell for a plurality of test pieces; [err] Conparison of occurrence
and change of gene of each tissue and cell of the same test piece; and
[err] Conparison of occurrence and change of gene in the sane test piece

corresponding to spending tine after nedical care aq% sergeant. For
exanpl e, i nsihetzade dfs setffedi foorderardeclipdremyché “art&ti onT®F the

same kind of fissue and cell.. . lyralit f. test piece (a plurality of
DNA i mmobi I'T'%% %éﬁinpsl)s §ru2°5%%€ulgﬁgt ﬁé’ 5i>éfafc<ca£rle°n S(’:%Jg gllﬁélr %,nClruedglpré%t?vel y.

These pl Uréﬁkt%gfdcggg'%nﬁ%tgﬁgg&%?éﬂheréai eé‘sl%gtcgtﬁ%%ee-andﬂleisgeése

cassettes are e at a reactor. | "feast two cassettes

are systenedhgahby progugedcenpera@iRAr bFoNtale t BRALIASIa P& €CES CaFa DB
conpared effectively. The above one cassette in which a plurality of
container increased to 37°C so as to act 2@gase reaction Ar erK@HnNesh sl or
the above plurality of cassettes is designated one aggregati on and a DNA

i mobi | i zediwhppiild zegbt chipeath @ontahndartiion t hé aggedgatliconchafmusisit is
utilized as a cassette type DNA library. By utilizing these cassette type
DNA |i braryP*®fi8c&ove described conparisons [err] and [err] can be
systematic ene can be effectivel

Starched. © ReVBFI3Ee | GO | YRRPBANAT DNARMRTbAPP2da BRPALS SHhchri fg to
the presents£9¥gg%ig%ié%é”%&%géggtgokgtb%mA immobilized chips above
produced on a surface of the substrate, these chips can be
separated to different containers corresponding to its
respective purpose described below.
@ cComparison of gene variation of the same kind of tissue
and cell for a plurality of test pieces;
@)Comparison of occurrence and change of gene of each
tissue and cell of the same tesf piece; and
® Comparison of occurrence and change of gene in the same
test piece corresponding to spending time after medical
care and sergeant.
For example, in the case of C),_in order to compare gene
variation of the same kind of tissue and cell, a plurality
‘0of test piece (a plurality of DNA immobilized chips) are
set in the different containers, respectively. These
plurality of connected containers is as one cassette.
Theses cassettes are embedded at a body of a reactor. If
at least two cassettes are systematically produced. The
comparison of the test pieces can.be compared effectively.

The above one cassette in which a plurality of container
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and et hanol solution of 70-75% the chips are danpened in ethanol of 100%
and preserved in a frozen condition, the libraries can be utilized for
Hal f eternal corresponding to demand of conparison data. (Anmplifying DNA
wi th DNA-inmobilized chips) A reaction container is fornmed by utilizing a
plurality of the above cDNA i nmobilized chips. The reaction container is
contacted to heating/cooling neans under control. After an inner surface
of the reaction container. is sufficLentIy cleaned with TE buffer solution,

a primer with® rEYpReEte8 aihl A ndPPYPeR L BRA LS Ysef farftP PEREFEECt +8n
solution ingl é’?i 09 Q7o K nds. of (nygleotide and, DNA Pgli%[r{%reidzecl’ils agded.
P 75°9 i T Po T héSTal P

After the_reac on cont al ner nnnentary | NCr ease .
net anor phi sgpteqperai i ecohe &L r1 e _scqleas?ggrésgac&%tne. a fipybl e iccha{,Q DNA

to a single chain DNA The container is hold at "a tenperature at 95[err]C

for about Jtbiizeudt &s dhesssklieeCilpd Nerai sipREBALAry cooled to

anneal i ng tenperature for connecting a single chain DNA and DNA priner of
45[err] C. Hpeutddtiziiney tsehel daatseHertyfef NA library, the above

21 ' about 1 mnute. Then, the container is increased to DNA
anpl i fyi ng desperideur ecbopaeitsendi n@ a DNA Ghai ca by bleas v stesiastiard 1 DNA

pol ynmerize of 74[err]C. The container is held at the tenperature for
about two nPRBTEredThe HRVENIRGTRIE IepeIr R Serepéacdd V0L ¥ isres the dper at e

PCR  Total che per | g of PgRis um of holding periaqd. of ahout 135

m nute, si n%% Ft |ssu§ tCh&R& é’arycf?ﬂﬁlf‘gr i AP eadiiifett 888i nghips

tenper at urea@&o@hling (WA'EpJ*.Bgsent invention in TE buffer solution
and ethanol solution of 70~75%, the chips are dampened in
ethanol of 100% and preserved in a frozen condition, the
libraries can be utilized for half eternal corresponding
to demand of comparison data.
(Amplifying DNA with DNA-immobilized chips)
A reaction container is formed by utilizing a plurality of
the above cDNA immobilized chips. The reaction container
is contacted to heating/cooling means under control.
After an. inner surface of the reacﬁion container 1is
sufficiently cleaned with TE buffer solutio‘n} a primer with
respect to amplifying target DNA is set and PCR reaction
solution including four kinds of nucleotide and DNA
polymerize is added. After the reaction container is
mémentary increased to thermal metamorphism temperature of
95C so as to separate é double chain DNA to a single chain
DNA. The container is hold at a temperature at 95°C for
about 1.5 minute. Then, the container is momentary cooled
to annealing temperature for connecting a single chain DNA

and DNA primer of 45°C. The container is held at 45°C for
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Vapor phase synthetic dianond obtained in the enbodinent 1 is cut by |aser
beam so as to provide a test piece of 10mx10mm After a surface of the
test piece is treated wth hydrogen plasna energi zed by mcro wave plasna,
as simlar as the enbodinent 2, the surface of the dianond is

chloridized. After air is substituted by argon gas, the test piece is

pi cked up and boiled in hydroxyl potassium solution of 10wt % for 15m nute
for hydroxylation. On the other hand, 95% et hanol] 5% sol ution of 100cc is
PH control¥Re%%td "pPEtehy TRRRM TREefPOt2ddiSF +SVhRfE&eaged to DNA

i cyd t i met haxyl ~ of i s add St the . hydrqxyl
G anund’ | THREFEUTT S PARRSTBFALPORCT SRSt B ki ROPup e HUrASF
di d, the di iS4 1ghtl | | thanol that
adi oal i s ThiFadacs T Eokibeae SR G ol By PPty M b er 1)

for 5 mnutge td EXAMREE SLurlV £ Hr TASPEEIL d & nlilr €POX Ve @diKA e thdEha1 nal
am nation oligo nucleic acid (primer) 1is immbilized. Af ter

anneal i ng nENAL e CIDINA elpey ¢ €& 310 il teedp by aRE PORYNMETotal time period

22 (EXAMPLE 10) A vapor phase synthetic dianond obtained in

t he enbodi nefitPCR is stiwicfdh¢bdangeserpiogc e fokbd@rml3 51@rimute | asemcédeam
After a surface of the test piece is surface treated by hydrogen plasm
energi zed bytnm-&¢fo R&Fe FefHS2B¥ sFafPar fods tir eepddraéfecXeas 5uef ace
of the dianpnd is chloridized, After air is substitute by argon gas, the
test piece TSPPHFAESFUF Gndtboiled in hydroxyl potassium solution of 10w %
for 15m nut ?E;(R&P@édrequl ation of the surface of the di anond.

"Vapor phase synthetic diamond obtained in the embodiment
1 is cut by laser beam so as to provide a test piece of
10mmx10mm. After a surface of the test piece is treated
with hydrogen plasma energized by micro wave plasma, as
similar as the embodiment 2, the surface of the diamond is
chloridized. After air is substituted by argon gas, the
test piece is picked up and boiled in hydroxyl potassium
solution of 10wt% for 1l5minute for hydroxylation. On the
other hand, 95% ethanol 5% solution of 100cc is PH
controlled to PH5 by added acetic acid. While 3-
gricydxyprolpyrutrime'thoicyl of 2cc is added and stirred, the
hydroxyl diamond is immersed in the solution. After
picking up the hydroxyl diamond, the diamond is lightly
cleaned with ethanol so that a epoxy radical is introduced
to a surface of the diamond by treating at 110C for 5minuté.
(EXAMPLE 9)

With respect to the epoxy radical, 5'terminal amination
oligo nucleic acid (primer) is immobilized. | After

annealing mRNA, cDNA replica is produced by RT enzyme.
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On the other hand, 3-am nopropyletrinethoxylcilane of 2cc is stirred and
added to 95% et hanol - 5% solution of 100cc is added. After picking up
the hydroxyl dianmond, the dianond is lightly cleaned with ethanol so that
an amino radical is introduced to a surface of the dianond by treating at
110[err]C for 5mnute. (EXAVPLE 11) After oligo nucleic acid nodified
carboxyl radical at a 5 termnal is imobilized on a surface of a di anond
introduced wth am no radical obtained in the enbodinent 10 with a
peptide |inkBYBMPEBNAQ)s i nmobilized on the dianpbnd by RT enzyne while

MRNA | tili d ti I.d. ..(EXAMPLE 12 .umni itrjd
el or b E p RS A U ERBRAE i SERRY SRt 1Py shen emp o5l fpent

f h , i .3 i . i j. t.i
ot had A rEIred FRab S0 MLE . K3AUe B HohPd Tadl oy AL MAUDIn.

laser beametrds GheJdosall of ther nBdscopducti Ue rall Paced th@ldtSa by
1.70Wcm K can be obtained. The test piece is set in

23 hydrogdeRtpaadiL ehleasyi 2l 1B} mildkd he¥d 33k d15a SUDStY il B&lr DY
argon gas. Wiile chloride gas is flown into the flask at 1SCCM a surface
of the testapitdoeemdochimnti2zed smrface adi abhiendl athdndvi 0lcétl doeiadd pedduced
by a Hg-Xe lanp of which main wavelength is 3600A for 60 mnute. The air
is substitdfeErbyidy goh fabstifa ey pregen g5 ckiele upeand P iRt ¢ edlsi n
sodi um hydroxi de of | OM % faor 15 mnute, further  cleaned with water and

dried. As RhEXPEsER 2nhPoddd 4R YRROFHG BOHR BRI 20T BEL °&t & Y LY TF nal

can be obt afggq.'SnH]r?Qte_for hydroxylation of the surface of the diamond.

On the other hand, 3-aminopropyletrimethoxylcilane of 2cc
is stirred and added to 95% ethanol - 5% solution of 100cc
~is added. After picking up the hydroxyl diamond, the
diamond is lightly cleaned with ethanol so that an amino
radical is introduced to a surface of the diamond by
treating at 110C for S5minute.

(EXAMPLE 11)

After oligo nucleic acid modified carboxyl radical at a 5°'
terminal is immo.bilized on a surface of a diamond introduced
with amino radical obtained in the embodiment 10 with a
peptide linkage, cDNA is immobilized on the diamond by RT
enzyme while mRNA is utilized as a casting mold.
(EXAMPLE 12)

Aluminum nitride circular board of which a diameter is 64mm
and a thickness is 0.1lmm, surface roughness Ra is 0.3mm is
vapor sythtized by ark ion plating method. A test piece
of 3mm x 5mm is cut off from the circular board by laser
beam. As the result of thermal conductive ratio, a value

of 1.70W/cm * K can be obtained. The test piece is set in
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as simlar as the enbodinent 1, DNA i mobilizing and anplifying utilized
by PCR nethod are operated by the substrate. (EXAMPLE 13) A tungsten
circular plate of which dianeter is 64mm a thickness is 0.5mm as average
surface roughness is obtained by a power-sintering nethod. A test piece
of 3”$™ x 5mMmis divided fromthe circular plate. As a neasured result of
thermal conductive ratio, a value of 1.67Wcnferr] K can be obtained. A
surface of the test piece is chloridized b oxygen _plasma energized by

m crowave. 2 Aeparabdis fhaskypdipigt éd %ﬂ%ﬁ%ﬁbaé? PRESteU IR ACRYi s

i cked and boil ed in, saqdi hydr oxi de sol ution fqor 15 m nute.” . Then,
Phe test piBtEReTBPaandl i ff el ol Sands 8y FEAEAE " Phants Diberiat’ Ravi ng

hydr oxyl rafl_g'?@%:at[j\lkgrlﬁrprﬁ%na%e can b@heom%ﬂﬁgiif flef t %&%@U ag ., as

. 1
t he enbodi nen Il1zatron an ication yo thod are

oper at ed bYrPEH&E@ﬂHbFJE%§¥@§E&@EebeJﬂagw@&@%éé)by a Hg-Xe lamp of

24 An alumna circular plate is produced by a power sintering

nmethod. A §gstnPhece Qbv3Mng oM d 3 ¢l WRAeth f reynfiheuc&ircharapkate by
| aser beam As a result of thermal conductive ratio, a vale of

0.3Wcnf errjuKstanure obitwiawron dhe, tbksttpbéceiiesesdts ipi ek s@pap adhe
flask and air in the flask 1is substituted by argon gas. Wile chloride
gas is floweitafoliatsesdem hydserfise off UMWY Eotr giSemd niu ohifori e eed by
irradiating ultra viqglet beam produced hy a Hg-Xe | a of which rain

wavel engt h $5°3BOGAYRID 6F thHARS dnppdpn As the result, a substrate

having hydroxyl radical at a terminal can be obtained. Then,
as similar as the embodiment 1, DNA immobilizing and .
amplifying utilized b& PCR method are operated by the
substrate.

(EXAMPLE 13j

A tungsten circular plate of which diameter is 64mm, a
thickness is 0.5mm as average surface roughness isébtained
by a power-sintering method. A test piece of 3mm x 5mm is
divided from the circular plate. As a measured result of
thermal conductive ratio, a value of 1.67W/cm°* K can be
obtained. A surface of the test piece is chloridized by
oXygen plasma energized by .micrOWave. After air is
substituted by argon gas, the test piece is picked up and
boiled in sodium hydroxide solution for 15 minute. Then,
the test piece is cleaned with water and dried so that a
substrate having hydroxyl radical at terminal can be
obtained. After that, as similar as the embodiment 1, DNA
imxﬂobilization and amplification by PCRmethod are operated
by utilizing the substrate.

(EXAMPLE 14)
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the flask is again substituted by argon gas, N, N dinethyl ehol nal dehyde
soluti'on of 100m of sebacic soda of 1 W% is add. A condenser is set in
the separable flask and refluxed for 2 hours. Then, the test piece is

pi cked up, cleaned with acetic acid solution of W% The test piece is
cl eaned with acetone and dried so that it can be obtained a substrate with
cebacic actd connected through a ester |inkage and carboxyl radical at
termnal. After that, as simlar as the enbodinent 1, DNA i mmobil i zation

and anpl i fARA1BR1IBY PERCHEAH0R B utli®l PFOF 1R Hibst PAMET SR tRfth 29 on to

contact the container with heating/cpoling ans.such as.a thermster as
descri bed arﬁ%gg?gs'ubsp’t \rNéa?seE p&r?é:'e%m C%PB‘S xagg%'f“dilﬁg iR prESEht the

nventi on My, b1 2LnSeILed iy 01 £ 686! UL ROl UL0n, i 3.0, EPPER typELye as

simlar as DNA anplification’in a conventiona such a case,

conparing tO,LAG -2 8QdI AR Fe o PCBw /2WP! i &AW OB RN Pa“mﬁé’t be
finished for a short tine. However, such a period is shorter than that of

a conventioeat peébedikosetnberd iskpdNblLatPlLELRACEAHANair in the flask

25 sol uti on. POSSIBILITY OF USE I N I NDUSTRY 1In the present
i nvention, substbatdsuted fy excedd egis .t héh bk cbAdudideveyasatisn fkown
utilized so that DNA anplification reaction can be finished for an
extremely ShbPt a‘p’ei?&&%oﬁ‘p&r"é‘(ﬁt‘iﬁ tHatte thet PEReAet hedch 1By id¥eedl y
contacting the, substrates wth heati ng/ cool i ngrorreans accuracy_ of_thermnal

control of The'Bh3depERY &dctiyviolst bean duced by a Hg-Xe lamp

of which main wavelength is 3600A for 60 minute. Air in
the flask is again substituted by argon gas, N,N-
dimethyleholmaldehyde solution of 100ml of sebacic soda of
lwt% is add. A condenser is set in the separable flask and
refluxed for 2 hours. Then, the test piece is picked up,
cleaned with aéetic acid solution of 1lwt%. . The test pilece
is cleaned with acetone and dried so that it can be obtained
a substrate with cebacic acid connected through a ester
linkage and carboxyl radical at terminal. After that, as
similar as the embodiment 1, DNA immobilization and
amplification by PCR method by utilized the substrate.

In addition to contact the container with heating/coo;ing
means such as a thermister as described above, substrates
and DNA chips according to the present invention may be
inserted into reaction solution is an Eppen type tube as
similar as DNA amplification in a conventional PCR method.
In such a caée,-comparing to the above embodiments, a PCR
amplification method can not be finished for a short time.
However, such a period is shorﬁer than that of a

conventional method for inserting DNA into reaction
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can be inproved so that DNA expect target DNA anplification can not be
reproduced. It is an advantage. |In substrate according to the present
rnvention, DNA is directly immobilized on a solid state substrate with
excel l ent thermal conductive ratio so that following characteristic of
heat cycle caused by the PCR nethod and so on can be inproved by directing
contacting the the substrate with heating/cooling neans. |In substrates
according to the present invention, a surface is chemcally nodified with
hydr oxyl rat?tAFi°8arboxyl radical, epoxy radical and am no radical.
Therefore, DNA inmmobilization becones stable and it is the nost suitable
for chips for reproducing DNA by DNA anplification reaction by utilizing
t he PCR net QS§E§P§%fﬁPF.6§E$HES&%ﬂH§&§§C°rding to the present

nmodi

i nvention, chem ca fication i's reproduced by hydrolysis in the case
that a surfpcenes peRkAKNALBGentiAl f QLBs tBNENST W& WY CRIR e 1£L, bE
saved. 26 Caim 1. Solid
state substtléembaor ONAduEObiki ziragiw this uedadldeant sber malatconsmigti ve

characteristic for anplifying imobilized DNA. 2. Substrate as cl ained
in claimlamheiéigagdiah substtabte can jlse dFandsded FoBSubst eatterease Ty ai med |
inclaiml or 2, wherein said substrate is chemcally nodified. 4.

Substrate a¥hefhi REdiaf FRBRrefaites thathrofighhs, PCR method.

By directly contacting the substrates with heating/cooling
means, accuracy of thermal control of the above PCR reaction
can be improved so that DNA expect target DNA amplification
can not be reproduced. It is an advantage.

In substrate according to the present invention, DNA is
directly immobilized on a solid state substrate with
excellent thermal conductive ratio so that following
characteristic of heat cycle caused by the PCR method and
so on can be improved by directing contacting the the
substrate with heating/cooling means.

In substrates according to the present invention, a surface
is chemically modified with hydroxyl radical, carboxyl
radical, epoxy radical and amino radical. Therefore, DNA
immobilization becomes stable and it is the most suitable
for chips for reproducing DNA by DNA amplification reaction
by utilizing the PCR method and so on.

In substrates according to the present invention, chemical
modification is reproduced by hydrolysis in the case that
a surface is contaminated. Therefore, expensive DNA chip

can be saved.
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wherein said“subStrate has a polar group at termnal. 5. Substrate as

claimed in claim4, wherein said polar radi cal is hydroxyl radical,
car boxyl group, epoxy radical or amno radical. 6. Substrate as
claimed in claim5, wherein said carboxyl radical is connected on a
surface of said substrate t hrough ester linkage. 7. Substrate as
claimed in claimb5, wherein said carboxyl radi cal is connected on a
surface of said substrate through am de |inkage. 8. Substrate as
claimed in ©ta#ftm 5, wherein said carboxyl radical is introduced to a

surface of sadsbtrate thcl tit, I
agent or :alﬁﬁﬁuh m TbapPi nawgéé"rﬁ aneftgﬁogpéb?}g?ea %Fél Ir?el?ilnsi ﬁmc{r:g#% I5ng

wherein sai d enoxYe)jent@diGal ph g1 NHQAUESH; §0 2 SWLACE Pl s8alcd sppstrate

with silane coup I ng agent, titanium cou I ng agent or al um num

coupling agent.pndPi £ pyRgt rlziy{npo@@lf;:@ang@m n claimb5, wherein said am no
27 radical is introduced to a surface of said substrate

with silane coulnfgragenis didmedm eI ing ag@riredin saidkubiditate
coupling agent. 11. Chip for imobilizing DNA as clained in claimone of
claims 1 to 10,isvhétemnnBNA is i mmobilized on said substrate. 12.

Met hod for anplifying DNA for substrate as clained in clainms 1 through
10 mnjchlh3as$#%ﬁhﬁatﬁn%ﬁthﬁ&Eed in claim 1 or 2, wherein said

substrate is chemically modified.

4, Substrate as claimed in one of claims 1 through 3,
wherein said substrate has a polar group at terminal.

5. Substrate as claimed in claim 4, wherein said polar
radical is hydroxyl radical, carboxyl group, epoxy
radical or amino radical.

6. Substrate as claimed in claim 5, wherein said darboxyl
radical is connected on a surface of said substrate
through ester linkage.

7. Substrate as claimed in claim 5, wherein said carboxyl
radical is connected on a surface of said substrate
through amide linkage.

8. Substrate as claimed in claim 5, wherein said carboxyl
radical is introduced to a surface of said substrate
with cylane coupling agent, titanium coupling agent or
aluminum coupling agent.

9. Substrate as claimed in claim 5, wherein said epoxy
radical is introduced to a surface of said substrate
with silane coupling agent, titanium coupling agent or
aluminum coupling agent.

10. Substrate as claimed in claim .5, wherein said amino

e
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radical is introduced to a surface of said substrate
with silane coupling agent, titanium coupling agent or
aluminum coupling agent.

11. Chip for immobilizing DNA as claimed in claim one of
claims 1 to 10, wherein DNA is immobilized on said
substrate.

12. Method for amplifying DNA for substrate as claimed in

claims 1 through 10 and chip as claimed in claim 11.

T
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