SPECI FI CATI ON APPARATUS FOR | MMOBI LI ZED DNA LI BRARY PREPARATI ON,
APPARATUS FOR GENE AMPLI FI CATI ON, METHOD FOR TEMPERATURE CONTROL AND

MEFHOD FOR COVPARI NG GENES SYSTEMATI CALLY | NDUSTRI AL FI ELD The
present invention relates to a reaction apparatus utilized to various
reactions by heating a small anmpunt of solution in a Z h% nmol ecul ar

bi ol-ogi cal and biochem stry such as gene engineeringP76§ Oﬁhﬁ'neering,
cell engineering, enbryol ogy engineering_and_i mmunol ogy |neer|ng
Particularly, the present |nvent|cﬁ?$%¥g?8§TIP§ a nethod for i mobi I'i zed
DNA |[ibrary preparation, a nethod for gene anpllf ﬂﬁ%}?od for
conmparing genes systematically, an apparatus ther and bilized DNA

lib th i | ally,
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reaction container in which reaction solutlon is filled is inserted into

an aIpnlnuncbhmabﬁﬂxhgoanHthMGR(ﬁﬂMﬁDRINpr@wunsrgﬁ$hBMAeacmnmv
solution from evaporati ng. A tenperature of the alum num block is
periodically changed to a thermal netanorphic tenperature, an annealing
tenperature and a DNA synthetic tenperature in order. Such
INDUSTRIAL FIELD
The present invention relates to a reaction
apparatus utilized to various reactions by heating a small
amount of solution in a field of molecular biological and
biochemistry such as gene engineering, protein engineexing,
cell engineering, embryology engineering and immunology
engineering. Particularly, the present invention relates
to a method for immobilized DNA library preparation, a
method for gene amplification, a method for comparing genes

systematically, an apparatus therefor and immobilized DNA

library therefore.

BACKGROUND OF THE INVENTION

Coﬁventionally, a polymeraze-chain-reaction
(PCR) method has been broadly wutilized as means for
amplifying genes. 1In ﬁhe PCR method, a tube-shaped plastic
reaction container in which reaction.solution is filled is
inserted into an aluminum block and so on with a cap for
preventing the reaction solution from evaporating. A
temperature of the aluminum block is periodically changed
to a thermal metamorphic temperature, an annealing

‘temperature and a DNA synthetic temperature in order. Such



Z + athermal control cycle is repeated for a predeternm ned nunber.
However, in the conventional PCR nethod, a used device is a plastic
reaction container of which thermal cap8city is relatively |arge and
thermal conductivity is relatively low Further, the thermal control is
operated w th respect to an alum num bl ock itself. Therefore, it needs to
spend a long tinme for heating/cooling. A target duplicated anount of DNA
is relatively |ow, since thermal control of the reaction solution is not
operated cdnpPEF&RL control cxodif ph¥erBPeeite hrikent PRSI OMiRefo
resol ve thgu%gg%e drawbacks and to provi de an apparatus for gene
anplification wWth sinple operation wherein a step of heating/cooling

canbe operat ed rapi diy,a0d.a theroml EYalen AfoddP HEACREARSAN Poysoq

shortened and a neth for dnplifying genes. not her’ pur pose of
the presentqab@yent iiaN 4 SpiQstPeOMidde: SLORT E3NeS W r | §FORLiicH Noh ONfe@nd a
nmet hod for preparing imobilized DNA library suitable to the above
apparatus. capacity Anothera pilvpoge lafr gehanrfd eSiesitmbDveBhicark tisvi ©y psovi de
a method for conparing genes systematically by the above apparatus.

Dl SCLOSURE OFlFHEvVIeNVENKHWON Further, Aphappheatuad fomtprepadrs rgp d maroddl i zed

DNA [ibrary  according to the present invention is an apparatus
with respect to an aluminum block itself. Therefore, it

needs to spend a long time for heating/cooling.

A target duplicated amount of DNA is relatively low, since
thermal control of the reaction solution is not operated
completely.

A purpose of the present invention is to resolve
the above d;awbacks and to provide an apparatus for gene
amplification with simple operation wherein a step of
heating/cooling can be operated rapidly and a thermal cycle
of the reaction can be shortened and a method for amplifying
genes.

Another pﬁrpose of the present invention is to
provide substrates for immobilizing DNA and a method for
preparing immobilized DNA library suitable to the above
apparatus.

Another purpose of the present invention is to
:provide a method for comparing genes systematically by the

above apparatus.

DISCLOSURE OF THE INVENTION
An apparatus for preparing immobilized DNA library

.according to the present invention is an apparatus



conprising a reaction body on which a groove portion for receiving a
contai ner is provided anda cap portion provided at an upper portion of the
redction body with means for heating/co8ling and neans for cooling,
wherein the apparatus is characterized in that the container is made of
at | east one substrate chemcally nodified. A gene anplifying
apparatus according to the present invention is an apparatus conprising

a reaction body on which a groove portion for receiving a container is
provi ded anB°BPEAF 16t 13 FLPTbYPHeECY &F JPpeth pdr¥FBaYeoP el $Rak?Fon

body with neans.fqr heating/ cooling and . ns for cooling, wherein the
appgr at us iEeSﬁéP’é&geFicz%r&lgaf‘ﬂefh’agptrﬁ’ev %%‘?ei’i P T3P r?é’oreg’o?né’trcf‘éh%?done

substrate gt'eﬁ]xe'ncql:g)l ef?;?&“:?gn of the reAag%rJ].%ntarg)Acil%ytiﬂg.]gh.a%aarnag ui?o

according to t ese Invention 1's an apparatus conprising a t eaction

body on whi£8a8 i@ POEE T OBn O nERGY! Vidh 8 £091 8hBeT W fLrfedrapd a
cap portion prOV|3ed at an upper portion of the reacfion body wth neans

for heatingidgpakiargsand dmansctericed iing twherend tbatappAtius héde
characterized in that the container is made of at |east one substrate for
i rmobi | i zi ngfgetedeadtn dhesevhppaaateusshemitalpyefrerdibt fedibat t he
substrates are solid-state substrate and the container is a separable
type and a cassette Rypeene amplifyphng nephadatus teaperdtiore tonttbe by

the apparatus for anplif%ing genes according to the present invention,
the nmet hod PESE8RATactEr$2RUCEhAf ATSiPRRTRAEYMH comprising a reaction

body on which a groove portion for receiving a container
is provided and a cap portion provided at an upper portion
of the reaction body with means_for heating/cooling and
means for cooling, wherein the apparatus is characterized
in that the container is made of at least one substrate
chemically modified.

A gene amplifying apparatus according to the
present inventioﬁ is an apparatus comprising a reaction
body on which a groove portion for receiving a container
is formed and a cap portion provided at an upper pértion
of the reaction body with means for heating/cooling and
means for cooling, wherein the apparatus is characterized
in that the container is made of at least one substrate for
imm&bilizing genes.

In these apparatus, it is preferable that the substrates
are solid-state substrate.and the container is a separable
type and a cassette type.

In a method for temperature control by the
apparatus for amplifying genes according to the present

invention, the method is characterized that a signal'from



a temperature neasuring portion 61 is input to a conmputer control portion
64 and the conmputer control portion 64 conpares with the signals and
program chart previously input so that 4 thermal control portion 62 of
means for heating/cooling 51 and a thermal control portion 63 of neans

for cooling 52 can be driven. The substrates for immobilizing DNA
according to the present invention are characterized in that the
substrates are utilized in the above apparat uses. A et hod for

preservi ng ¥ hESBRBSAA S “}er?saur’r%FrPQEFéPSr 6dcder d:cnrli’glt_t Fa E_elcf?rf&‘éﬁELA _
invention is haracterjzed in tha e substrates for i ilizing IS
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anplifying apparatus according to the present invention, wherein a cap 1is

opened. heatinki/g.odl SHPWSL AnarHIheIadd 1 @Ral t M PWolrakitdh &3 bRGnednd i N
Fig 1. Fig. 3 shows a cross sectional viewtaken a line B-Bin
Fig. 1. for copilgngl showsnabper dedssehow t 0 make a cont ai ner.

The substrates for immobilizing DNA according to
the present invention are characterized in that Ithe
substrates are utilized in the above apparatuses.

A method for presérving the substrates in a
refrigerator according to the present invention 1is
characterized in that the substrates for immobilizing DNA
is preserved in the refrigerator.

A method for comparing genes systematically
according to the present invention is characterized in that
a plurality of DNA~immobilized libraries are set in a

container.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a plan view of a gene amplifying
apparatusaccordingtx>thepresentinvention,whereinaacap
is opened.

Fig. 2 shows a cross sectional view taken a line
A-A in Fig. 1.

Fig. 3 shows a cross sectional view taken a line
B-B in Fig. 1.

Fig. 4 shows a process how to make a container.

Fig. 5 shows a cross sectional view of the gene amplifying.



Fig.-5 shows a cross sectional vieM/of'the gene anplifying

dpparatus according to the present invention. Fig. 6 shows a
process how to control a tenperature of 9t he gene anplifying apparatus
according to the present invention. Fig. 7 shows a process how
to produce imobilized cDNA |ibrary and to anplify gene. Fig. 8

shows a porcess how to produce inmmobilized gDNA library and to anplify
gene. BEST FOR CARRY! NG gUT HE INVENT%CN . A gene
anpl i ficati DR ApRarat R AT BPNG®t FAheP T HF BRENE B Rt B wi Il be

descri bed. rEGY: ¢ 5 iI0VS §-BL30% Mkﬁ%mﬁfcéﬁ‘@rgf”aet%%'éﬂ€ﬁé on

apparatus according to"the present 1 nvention, erein a cap s opened.
Fig. 2 showssackEOgsenseshp@idly i LW atdeudeREcod@lndf iteAtHN AP AL US
according to the present invention taken aline A-Ain Fig. 1. Fig. 3
shows a crossveettioanal view of the apparatus taken along a line B-B in
Fig. 1. Fig. 4 shows a process howto make a container. Fig. 5 shows a
cross sectional viewrdb .t Reshene anptefecat hom apppratiuse deewbdilngzéd t he
present invention. As shown in Fig. 1 to Fig. 3, nuneral 10

i ndi cates @P¥Raddls bR Andonameldifyl19¢meli cates a grooved portion
formed on the reaction body. It is preferable that the reaction body 10 is
made of chemically staBre®pdloHeEra RRTEFFEI PHChOARTABRFR & MmO inl g

pol ystyrene ﬁiieibfgrylgﬁgttgngm T¥¥gxggg£tion 11 is forned on the
reaction body. _ )

BEST MODE FOR CARRYING OUT THE INVENTION

A gene amplification apparatus according to the
present_invention will be described.

Fig. 1 shows a plane view of the ge.ne amplification
apparatus according to thepiesent invention, wherein a cap
is operned. Fig. 2 shows a cross sectional view of the gene

amplification apparatus according to the present invention

taken a line A-A in Fig. 1. Fig. 3 shows a cross sectional
view of the apparatus taken aléng a line B-B in Fig. 1. Fig.
4 shows a process how to make a container. Fig. 5 shows

a cross sectional view of the gene amplification appar;tus
according to the present invention.

As shown in Fig. 1 to Fig. 3, numeral 10 indicates
a reaction body and numeral 11 indicates a grooved portion
formed on the reaction body. It.is preferable that the
reaction body 10 is made of chemically stable polymer
.material such as acrylic resin and polystyrene resin. At
leastonegroovedportion]J.isformedtn1thereactidnbody.

A shape of the grooved portion is preferable cylindrical



A shape of the grooved portion is preferable cylindrical
6 or polygon pole such as triangle pole and square pole. It is
preferable that a container 12 is made s®bstrate 41 with excellent thernal
conductive character, for exanple, of a dianond substrate, a ceramc
substrate such as an alumnumnitride substrate and a silicone carbide
substrate and a netallic substrate such as an al um num substrate and a
st ai nl ess st eel iubstrate Al ternativel greferable a

[

L | , 1t
di anmond- 1 K& BATBGR SRS at BBt 2ftnieH 3 b7t BPS°nddé GTIUTBRORE 4 car bon
substrate and g, car ben,cgmound, SUDSITALe: oLt 1158 5ga preberabl &, 3

pl astic subsira as "a pol ycar bonat e "subStra l"'uor ocar bon

substrate. FuLhhefcehbeint tReGtl PRI A SEPSET 8h 8 rGRERINEE MW Ll drf}er @bove
descri bed substrates. The container 12 may have a bottom portion

and is prederablys aidpghedblsa/rdet ached doram i bhesgbeavedt Hoshean asllan
easily. The container 12 preferably conprises substrates 41

di vi ded i nt@lambeiimomi poidicosubnnd raitdeandld spdritd cmns cadkdrd @xamdterate t he
case of a square pole container, the substrates can be divided to a bottom
wal | porti onndmnel dotellicdeubalticager siugis a sAsnshdwniinnrFisgb A te eaeth edge
of the respective substrate 41 is from5mmto 10mm and a thickness of the
each substrat@tainlessholtedl 1AHPS AR Shown in Fig.4 (b) , a container 12

o pe asserbied by g,R0Ltom: P Y] 02 AE Sk 1A POLLLAML A LD @

carbon substrate of which a part is made of diamond, a carbon
substrate and a carbon compound substrate. It is also
preferable a plastic substrate such as a polycarbonate
substrate and a fluorocarbon substrate. Further, it is
preferable a substrate combined with the above described
substrates.

The container 12 may have a bottom portion and is
preferably attached to/detached from the grooved portion
11 easily.

The container 12 preferably comprises substrates
41 divided into a bottom portion and side wall portions.
For example, in the case of a sguare pole container, the
substrates can be divided to a bottom wall portion and four
side wall portions. As shown in Fig. 4(a), each edge of
the respective substrate 41 is from 5mm to 10mm and a
thickness of the each substrate 41 is about 0.1lmm. As shown
in Fig.4 (b), a container 12 may be assembled by a bottom
portion 43 and side wall portions 44 with a synthetic resin
substrate holder 42 (see Fig. 4(c)).

In such a case, it is preferable that the container



substrate hol der 42 (see Fig. 4(c)). In such acase, it is

preferabl e that the container 12 conprises a bottom portion or
at 'l east one side wall portion, wherein?genes are imobilized on at |east
one substrate of the portion. Further, these containers 12 naybe

connected with each other (cassette type) so that a plurality of
containers can be attached to/detached froma plurality of grooved

portions 11 in one action so as to inprove operating efficien A’o
detai |l ed debr FRPPST TS theP8EESB: RO %n REnPdi et E® Wi PRepE die%c"f"i‘ &d at
a descri pt| on gf i béire%r‘?d IgNA I|b dFIO%. Oc s?g\g/ssta gL gss
sectional K eW 6P 4 gene rrpl ificat f on appar aJt us Z&Ecordi ng 0 the present

invention.  H g+.32) csgtol\_/\ﬁea?ge@g_g LOn container 10 with a cap portion 50
nmount ed on an upper portion of the reaction container 10. Fig. 5(b) shows

a cross sectional viewrtalken ankisRecoGtGiinedi g2 Red)be Jdhid el witmeral s
50, 51 and 52 indicates a cap portion, neans for heating/cooling and

means for cesthngtheespecisvety.typé) s Pprakeralimntsnt t{yhef coaxpoiéron 50
is made of chemcally stable polynmeric material such as acrylic resin,

pol ystyrenecaesbr attated to/detadibmhsifom Reatliymgtodli g Sirésvesans
for heating/cooling the container 12 by contacting with the container

12. It PRrtppaémerhbl dn tRAE HehRASD R aﬁ‘ea’f? ng}/“t?cﬁﬂ‘f‘hg ope st Paft| er
el ement, an electric heater ap_infrared

| a
cont acting fhCieRE oontaidrtha 1be dadpafgde a’t’lﬁ’e ?ﬁ tﬂ%nffé‘ﬁtsaﬁﬁtte‘? H&gﬁan be

containers will be described at a description of
immobilized DNA library.

Fig. 5 shows a cross sectional view of a gene
amplificationapparatusaccordingtx>thepre3entinvention.
Fig. 5(a) shows a reaction container 10 with a cap portion
50 mounted on an upper portion of the reaction container
10. Fig. 5(b) shows a cross sectional view taken a line
C-C in Fig. 5(a). In Fig. 5, numerals 50, 51 and 52
indicates a cap portion, means for heating/cooling and
means for cooling, respectively. It is preferable that the
cap portion 50 is made of chemically stable polymeric
material such as acrylic resin, polystyrene resin and etc.

Means for heating/cooling 51 is means for
heating/cooling the container 12 by contacting with the
container 12. It is ©preferable that means for
heating/cooling 51 is Peltier element, an electric heater,
an infrared lamp and so on. By direetly contacting with
the container 12, a temperature of the container 12 can be
directly controlled. Upon comparing with a conventional

amplification apparatus and the apperatus according to the



directly controlled. Upon conparing with a conventional anplification
dpparatus and the apparatus according to the '

8 " present invention, a thernmal cont®ol accuracy of the present
invention is superior. Means for cooling 52 is a unit conprising a pipe
into which coolantor cool air is flow or a cooling fun so as to cool the
container 12 rapidly. Fig. 6 shows a thermal control unit of a gene
anplification apparatus according to the_present invention. In

Fig 6,
t enper at ur LHFSERE cORYEPHEP 2 Ps %’?J?\F’F‘Blll eWPBYT]L tRABBFACHY e°éon€}?8!
B ot Choarst sTSRRs imYie S5 L ST Lo, IS IS TG £ORLT0) POTATON

a

63 of meansF¥oF ¢&do ! - actor dancea “wi th i nf ormati on

t enper at ur %nﬂﬁaéu@%&gﬁg@ﬁ& i 93?%& li.n’%oSiwgﬁaéh d8oMhhe eI AL L is

measuring portion S y contacted wth a bottom portion or a

side wal | pp1bianPh 581608t PRV 48 td ToldlPHheldo Rt §ONRU £F YR D).
portion 64. The conputer control portion 64 conpares the input signal and

a program EebaLté sHdwesperatdimeal ddifeasingit sPeedene ampAtidinedtion
tenperature, maintained tine, tenperature decreasing speed, and so on)
previ ously appatatuls admeorésuyttot tieet prperattuievegdriteml pbntFon. 68, of
means for heating/cooling 51 and the tenperature control portion 63 of |
means for cd®olbiemperatane Rl dthgencontagmsaep VENAS controllegihddgi nénts

according to the present invention wll| be_descrihed with,reference to
Fi g. 7 and ‘l::?apegature control portion 62 of means for heating/cooling

51 and a thermal control portion 63 of means for cooling
62 in accordance with information from a temperature
measuring portion 61. A signal from the temperature
measuring portion 61 that is directly contacted with a
bottom portion or a side wall portion of the containexr 12
is input to a computer control portion 64. The computer
control portion 64 compares the input signal and a program
chart (temperature increasing speed, maintained
temperature,maintainedtime,temperaturedecreasingspeed,
and so on) previously input. As the result, the temperature
control portion 62 of means for heating/cooling 51 and the
temperature control portion 63 of means for cooling 52 can

be driven.

EMBODIMENTS

Embodiments according to the present invention
will be described with reference to Fig. 7 and Fig. 8.
As a container 12, diamond chips 41 (Smm %X 5mm, thickness
0.1lmm) are utilized as diamond substrates. As shown in Fig.

4, one diamond chip 41 is utilized as a bottom portion and



As a container 12, dianond chips 41 (5mm x 5mm thickness 0.1nm
areutilizedasdi anondsubstrates. AsshowninFig. 4, one dianond chip 41 is
utiliZed as a bottom portion and : 9 9

four dianond chips are utilized as side wall portions. These dianond chi ps
are assenbled with a synthetic resin substrate holder 42 so as to forma
container 12. The dianond chips 41 utilized as the side wall portions are
chem cally nodified with organic carbonic acid. After assenbling the

cont ai nerb 150ut h&iade Hdr FP&HSSO"”f% Fdrtes d ofs af 1G5pef2 pbr Pt 112 % he
reaction bo P b d In th
next, an exd%ﬁFS gt 5%? 4%%%2%85:F%§§3gq§%KW%%ﬁa%)sﬁf Peté'dég ?%%ed
with refer%{%’sﬂ:?la.l:t'eg hJJT?Qg a5 o 8y g '%‘to}c'fﬁm Nt @éfREQR%he (The

(messenger err] are immobilized on su aces ur

di amond chi @Sam$haCUHAES | DY wlhlszcéoutwnthe shescond 8i NBbrt3 dWs aare
-chem cal ester |inkage reaction. In the case of gDNA (genom c DNA),

ol i gonucl eothdpikaviing meatFieclkdeds LORY BB g0l d | 08 rdfod iidmabiiki.zeda poetkhe
surfaces of the dianond chips 41 by the chemi cal ester |inkage reaction
(see Fig.7 asdembild.nd) thEhe ofrdurime anohd e psaplp davieo beeh ichemwat ¢y
nodified with organic carbonic acid. In order to immbilize, a 3
termnal oferhanomippeiTferticandfa Bie xerataan &odhel btigonucl eotide are

requested to_connect wth adeni ne(A or_cytosine(C) or guanine(G which
conpri ses ahfhBPR&dINGIinmeRiEigedy ‘Q&W‘d ]F’réragy Ja mark "ADC-R-" indicates

a di anond chip chem ?%l txenggleg’e%nwetxgmpi’gan}_c car bclgrlun%I aCImctl)blllzed

DNA library will be described with reference to Fig. 7 and
Fig. 8. Atfi:st,inthecase(xEmRNA(messengerRNA),oligo
dT;¢-20 @are immobilized on surfaces of the four diamond chips
41 contacting with solution in the container 12 by a
chemical ester linkage reaction. In the case of gDNA
(genomic DNA), oligonucleotide having restricted enzyme
portion are immobilized on the surfac.es of the diamond chips
41 by the chemical ester linkage reaction (see Fig.7 and
Fig.8). The four diamond chips 41 have been chemicaliy
modified with organic carbonic acid. In order to
immobilize, a 3' terminal of the oligo dT s.,, and a 5'
terminal of the oligonucleotide are requested to connect
with adenine (A) or cytosine (C) or duanine (G) which
comprises amino radical. In Fig. 7 and Fig. 8, a mark
"ADC-R-" indicates a diamond chip chemically modified with
organic.carbonic acid.

In the next, in the case of cDNA (complementary
DNA), the total RNA solution containing mRNA is extracted

from tissues and cells, and mRNA is hybridized with



I'n the next, in the case of cDNA (conplenentary DNA), the total RNA
solution containing nRNA is extracted fromtissues and cells, and nRNA is
hybri di zed with 10 10 oligo-dT[err]

at a low tenperature of O[err]Cto 4[err]C.  After hybridization, cDNA
IS synt hesi zed by Reverse Transcriptase (RT) at a suitabl e constant
tenperature of 37[err]Cto 60[er]C. The cDNA are reacted and i mobilized
so as to extend toward the termnal 5 of hybridized oligo- dT[eLhe‘la

Hybri di zed %b+9]9réﬁ10fzosyﬁt3h95|lz¢éﬁ FemBBrRItIE® cTRAD dndtonfNg-s teH up

to 90[err] C inotdert deh bri di Then he .reaction solytion is
exchanged toYF lEB ) bﬁﬁﬁg ol utlf)xntsi‘ﬁglrzeeacgtioﬁysol Son° T8

cl eaned wit I e r f t I As
the resul t, = EhPERE afaaée ol A RoRR R I S Rk R R EeF o
!S prepar ed3’§§leet<!:' §o CV) The cDNA akR tri%%cct.aescf ﬂdg%obllq i¥d so as

i mmobi li zed ol egonucl eotide having target restrictive enzyne (see Fig. 8)
are i mobi | ¢t Z etk tdn & Wdhates tofe tBemdinamBd £hins rild BSe dI A § FATAS 5, .
oligo-dT[err]. In the next, 1in order to chemcally inmmobilize, the
reaction sofiybirddiizedexohbnyédn bd raacthesigeldutimommi hti ading dNMragdzed
oligonucleotide with target restrictive enzyne at a | ow tenperature of
O[err]C tonBNarird BeateAf pprthPBredinae ¥ darviia Hedﬂlyé:gurrtm eotiNfe, Then,

reaction solution is heated up to, 37 [err]C so as to cut restrlctlve

enzyne of sk ‘ierﬁr‘bB?‘FPz%%Il‘éFéQBnh%leéb‘T}i‘ﬂ‘éged to Tris-ERTAr (T} tq‘hfgf?ﬁe
restricti ve, e? % B .t hg}hr eacti on cont i%q__elronl s, £0¢ eeglnglg th aétlhoa\.l\{ml

tenperature 0 ferr] Ct errﬁ

at a low temperature of 0C to 4°C again. As the result,
purified immobilized c¢cDNA 1library in one chain DNA
condition is prepared (see Fig. 7).

In the <case of gDNA library, immobilized
olegonuclectide having target restrictive enzyme (see Fig.
8) are immobilized on surfaces of the diamond chips 41 as
similar as oligo-dTi4.30- In the next, in order to
chemically immobilize, the re.action solution is exchanged
to reaction solution including hybridizéd oligonucleotide
with target restrictive enzyme at a low temperature of 0°C
to 4°C. After hybridization with olegonucleotide, the
reaction solution is heated up to 37°C so as to cut
restrictive enzyme of semi-immobilized olegonucleotide.

After cutting the restrictive enzyme, the reaction
container is cooled down at a low temperature of 0°C to 4C
again. The reaction solution is exchanged to reaction
solution including gDNA of which target restrictive enzyme
is cut and Ligase enzyme. The exchanged solution is heated

up to 37C again so as to react Ligase reaction. AS the



again. The reaction solution is exchanged to reaction solution including
gDNA of which target restrictive enzyne is cut and Ligase enzyne. The
exchanged solution is heated up to 37[ddr]C again so as to react Ligase
reaction. AS the result, gDNA library in one chain DNA
condition can be prepared (see Fig. 8). | mobi lized cDNA |ibrary
prepared on surfaces of the dianond chips 41 or i mobilized gDNA | i brary
prepared on the surfaces_of the dianond chips 41 can be set in the
di fferent coftafher S abiPE3cdnpt e28§ sttt AN fy G091 HheR pGrfbsRe (1)
to (3). (1 To co qy qupe vag atlon of the same kind of tissues and
ty 0

cells of t e p orafi (2) To conpare gene production and

variation of each t'fﬁﬂgbéllzéﬂ1 éﬁﬁ of 4 be ?ggagggpgg sutPaces of

Toconpar egenepr oduct | onandvar i at eorlglna genes and genes after
nmedi cal treglfedl ams8H0CARL AN or imRQLAMMLH @ﬁﬂefibkﬁr?hﬁr%%ﬂﬁréﬁnple
For exanple, in the case of (1), the plurality o sanples (a plurality of
di anond chi¢gs thyi agricarel ldfzathe RINAahohaae)ipar @1setan medisfdteriantthe
containers so as to conpare genevari ationof the sane kindof tissues and
cells. Thedefpburalt tcicestxfneont abnesstar eotesi gnat et esadiealclassedt e.

These cassettes are attached to areactionbody. |If two or nore than
cassettes dfeepPBpRes®ssystkentei ddll-y, a plurality of sanples can be
conpared effectively In the present_ invention, one cassette in

whi ch & pl (Fal T2y BRPaSR: o § 3 Chheaf clinBr > amgl Kiid Bf G ssues
and cells of the plurality of samples.

(2) To compare gene production and variation of each tissue
and cell of the same sample.

(3) To compare gene production and variation of the original
genes and genes after medical treatment, sergeant and
so on with respect to the same sample.

For example, in the case of (1), the plurality of
samples (a plurality of diamond.chips having immobilized
DNA library) are set in different containers so as to
compare gene variation of the same kind of tissues and cells.
These pluralities of containers are designated as one
cassette. These cassettes are attached to a reaction body.
If two or more than cassettes are prepared systematically,
a plurality of samples can be compared effectively.

In the present invention, one cassette in which
a plurality of containers are connected or a plurality of
cassettes are set as an aggregation. Immobilized DNA
library is set in each container of the aggregation, which
is designated as a cassette type immobilized DNA library.

In the present invention, these cassette type immobilized



cassettes are set as an aggregation. I mobilized DNA |ibrary is set in
each contai ner of the aggregation, which 1is designhated as a cassette type
i mrobi‘li zed DNA library. In the presentl? nvention, these cassette type

i mmobi |i zed 12 DNA |ibrary are
utilized to conpare the above described purposes (1) and (2)
systematically so that variation of genes can be searched effectively.
Even if the PCR nmethod is utilized or not, the cassette type immohilized.

DNA | i brar PRANLBEBTAEY 3%y “ELA 2568 rFa%e?\?’l“?aFﬁ ForRNER WesF red

request of the ¢anp rlson and b uff|C| ently clea i.;ng th
cont ai ners M th°TE>Db flf) ol {Jf) onya 5ttﬁacynao %ot Ut 2 onlc Y }Qog“ i

refrlgeratl d.gre V, C S, i mrersing in ethanol
solution (1 o%/gg ?Arr%eelr %/?%B&ggﬁegr}vﬁéﬁ§ lglyl ized DNA |ibrary)

Side wall portions ofvthe iGondd neerlA Ao d Of BB ¢ iRY: LASSELL @ olty,Pehe
immobilized DNA |ibraries of the above immbilized cDNA or gDNA. I nner

surfaces ofcdficecort atyee ihihayEl Swéli amemt Ly badeanedan tike Thtiuff 264
solution. Then, a priner with respect to anplified DNA is set and PCR
reaction sotemionermeineditiy f dor ddaxr dénpeclveioth dehand €BiNfe s poloyinerlase i s
added. After adding the solution, the container 12 is thermally changed
to a ther meGORRRAMGOPh 22t 2 cAPEr atQr 8Of &Y d? WF 8 g °Pid Xhad A2 PR ke one
chai n DNA é%gLerr m_nut e an annealin erature, for

‘ |
connecti ng BﬁELEI‘T‘al"Hﬂ\IATEng Lf)lﬁﬁrpr‘%?ﬂa’r‘ tiag e ¢ ‘bgﬁ SPIHMRR) and

a DNA anpllt+ggggg@ AP £¥§%£Q£i§ét%% ﬁ%eserv1ng the containers

by immersing in ethanol solution (100%).
(Amplifying genes with immobilized DNA library)

Side wall portions of the container 12 are formed
by cassette type immobilized DNA libraries of the above
immobilized ¢DNA or gDNA. Inner surfaces of the container
12 are sufficiently cleaned with TE buffer solution. Then,
a primer with respect to amplified DNA is set and PCR
‘reaction solution including four kind of nucleotide and DNA
polymerase is added. After adding the solution, the
container 12 is thermally changed to a thermal metamorphic
temperature for dividing two chain DNA into one chain DNA
(95°C, about 1.5 minute), an anneéling temperature for
connecting the one chain DNA and DNA primer (45°C, about
1l minute) éndiaDNA.amplification temperature for extending
DNA chain by heat-resistant DNA polymerase (74°C, about 2
minute) in dider. This thermal control is repeated 30times
in order to operate the PCR method (see Fig. 7 and Fig. 8).
In order to search genes of a plurality of samples one time

. for arelatively short time, it may provide a system in which



DNA chain by heat-resistant DNA polynerase (74[err]C, about 2 mnute) in
order. This thermal control is repeated 30 tines in order to operate the
PCR nethod (see Fig. 7 and Fig. 8) In dBder to search genes of a plurality
of sanples one tine for a relatively short tinme, it may provide a system
in which 13 necessary nunber of
appar atuses for preparing the cassette type imvobilized DNA |Iibrary and
anplifying genes are juxtaposed. For example, in the case of 50 sanpl es,
five appara®teésarar "AREIET 9EngPHanes eSO fdhE Ted Athe pridse @ s Skeht i on

be j t d. tuni f tilizi i he i.ndust field Th
e e ERRR o o T REC o Bl 1lhrRY of nes P RRLL E VARG CoBhePettfon

apparatus a

sol ut i on I nygxtegstian couAnialL a0l dly (88 Ligh DYASGAD R Al 4] o

remar kabl y tinme.” The  apparatué accor gto I nvent T on

can be suiigbleat@ 2y OB G HENEydh8HBISLE cBRRAMAY U thk Present
devel opnent of the automatic gene di agnosi s apparatus, the nost inportant

techni cal piQbERES caf iy PBEPRLALEPRsRfa A cassette type immobilized
library wutilized sem - permanently and a devel opnent of a gene
anplification apparatus having excellent efficiency and specificity in
vi ew of gene anplification. The both descri bed probl ens can be
resol ved byOoppeatviundiity af o ght péirdmwanice tlue ofmdius toasset ¢ dt ype
i mmobi lized DNA |ibrary and a gene anplification apparatus wth the nost
sinpl e operB#f WPRAGAHE FESO THNDACES stlye PEPAEB L RBVARIL IOhtTDr K92k a
step Of.pr??&&%éggf £gaép§on solution in a reaction container rapidly
so that DNA can be amplified remarkably short time. The
apparatus according to the present invention c¢an be
suitable to an automatic gene diagnosis apparatus. In a
development of the automatic gene diagnosis apparatus, the
‘most important technical problems are a preparation of a
cassette type immobilized library utilized semi-
permanently and a development of a gene amplification
apparatus having excellent efficiency and specificity in
view of gene amplification.

The both described problems can be resolved by
providing a high performance automatic cassette type
immobilized DNA library and a gene amplification appafatus
with the most simple operation and the most compact size
since thermal control from a step of preparation of the
library in the PCR method can be controlled by the same
substrates. |

That is, in accordance with an apparatus according

to the present invention, thermal control for amplifying

genes can be directly controlled by utilizing diamond chips



i brary in the PCR nethod can be controlled by the same substrates.
That is, in accordance with an apparatus according to the present
i nvention, thermal control for anplifyiri4 genes can be directly controlled

by utilizing dianond chips 14
imobilized DNA |ibrary in addition to thermal control for directly
controlling DNA i mobilized reaction. |n accordance with an apparatus

according to the gresent i nvention, thermal control for PCR reaction
sol ution cafmpeidizect P?’Acbhf’lrélrlyeélnb?ddtlltlﬁ% g §hEsMadt €9 et d<°hi gh

conducti vi t d|a nd substrates so that t ontrol , efficiency of the
PCR nethod‘%h Veﬁ&ﬁ&ﬁﬁ€&¥ﬂ$r§y@dl ﬂaze el&8ESH VY 2 time can be

b ShecL bty (Lt g0 RS PARTEY Sy

specifically anplitication can be I npr

substrates aceohdiBg tQH@Fh§TQ§§HEroﬂn¥%Q“§EkEYé%é%QQntQSﬁgﬁlon can
conductivity, a prepared inmmobilized DNA |ibrary becones very stable

since the Kl ATHYLSUPIIDELS118dH ARItEL W £ Inpaspest rheecheitadd s hlgh
materi al / sol ution, excellent in view of heat-resistant and strong wth

respect tOddeatt¢mlammnﬂﬂmondCE&b&IKEBSQtBe thype thebhali 2ech ONAL
library is prepared, it is possible to provide a DNA |ibrary repeatedly
utilized f@fEeaiencyer fableatECR Betiltdd icaAmehr ghattkariiat icachrce d\ang of
di anond substrates, DNA-i mpbilized chips having DNA i mobilized on
di amond subst? ateRCHF T RENt ERBRI CBRPy BdiFIRAL kaplle shortened. In

addition, the PCR efficiency such as specifically
amplification of target DNA can be improved.

If the substrates according to the present
invention are high thermal conductivity, a prepared
immobilized DNA library becomes very stable, since the
diamond substrates is stable with.respect to chemical
material/solution, excellent in view of heat-resistant and
‘'strong with respect to radiation exposure. Once a cassette
type immobilized DNA library is prepared, it is possible
to provide a DNA library repeatedly utilized for semi-
permanent.

By wutilizing high thermal conductivity of diamond
substrates, DNA-immobilized chips having DNA immobilized
on digmond substrates without chemically modified may be
" set in an amplification apparatus according to the present

invention so as to operate the conventional PCR method.



set i'n an anplification apparatus according to the present invention so as
t'o operate the conventional PCR nethod.

15~ Wiat is clained is: 1. An appdratus for preparing an i nmobilized
DNA [ibrary conprising: a reaction body on which a grooved portion
for receiving a container is fornmed, and a cap portion provided at
an upper portion of said -reaction body, said cap portion including neans
for heating/cooling and nmeans for cooling, wherein said container is

formed by sUB3trafeSlacted chfFy nodified. 2.  An apparatus for
anplifying penes conprisin a reaction hod gg&y@igh a gr.qoved

portion for recezﬂliar?d’aar%gﬁ?aﬁﬁlpriesp?%’r%cﬂné ° SH porit Ry

provi ded at_an gggq& ortion of said reaction body, said cap portion
i ncl udi ng neans for heati ng/ cool i ng and nmeans for cooling, wherein

sai d container is,fordma bynSHY abes wahem cal 1gr d0dLhi &byt Bon ANy
apparatus for anplifying gene conpri sing: a reaction body on which a
grooved portéeaikdhg r£cedvtagnarcant adwieds haamed, and a cap
portion provided at an upper portion of said reaction body, said cap
portion - includi rg capapsrtfiem gwatidgdceal iamg wnske rrepastion bl ayd
wherein said container is formed by substrates for immobilizing DNA
reaction body, said cap portion including means for
heating/coocling and means for cooling,
wherein said ‘container is formed by substrates
chemically modified.
2. An apparatus for amplifying genes comprising:
a reaction body on which a grooved portion for
receiving a container is formed; and
~a cap portion provided at an upper portion of said
reaction body, said cap portion including means for
heating/cooling and means for cobling,
wherein said container is formed by substrates
chemically modified.
_3. An apparatus for amplifying gene comprising:
a reaction body on which a grooved portion for
receiving a container is formed, and
a cap portion provided at an upper portion of said
reaction body, said cap portion including means for
heating/cooling and means for cooling,
wherein said container is formed by substrates for
immobilizing DNA.
4. An apparatus as claimed in one of claims 1 through

3, wherein said substrates are solid-state substrates.

(T



4. " An apparatus as clainmed in one of clainms 1 through 3, wherein said
substrates are solid-state substrates.

16 5. An apparatus as clainmed in dfe of clains 1 through 4, wherein
said container can be divided. 6. An apparatus as clainmed in one of
clainms 1 through 5, wherein said container is a cassette type. 7. A

met hod by utilizing an apparatus as clainmed in one of clains 1 through 6,

wherein a signal froma tenperature nmeasuring portion 61 is input to a
conput er cohtrol HOriPBATAEARS 132 ThRplLer iBokmolohotfirdmsel ddmreht he

i nput signal apd_pr.ogram chart previously inpyt _and then a tenperature
control por{ioﬁggfeéfn rfq’eaalné ‘f%?t%égteirng‘?ac%o]??nalgi%& a tenperature

control porgion 63,0 for, £00] i 2.are driven, .8, A substrate
for i mmobili zing DNAgEG i ??g bayscaér)liéglgﬁgr é?’u%nzfs <gc"?/a?%r‘?s%imlsn10r11:ehro‘?u% ai ms

1 through 6, 9nereAnmihnd Eohthehligarati Nngaand tReS8fyd Ng substrates
for inmmbilizing DNA. 10. A nethod. for conparing gdenes systematically
by setting’7a pl k aldtlyoofbPNeihBhihki 2a@dabbhraryud A c IGOM S NE -one
of claims 1 through 6, wherein a signal from a temperature
ﬁeasuring portion 61 is input to a computer control portion
64, the computer control portion 61 compare the input signal
and program chart previously input and then a temperature
control portion 62 of means for heating/cooling 51 and a
temperature control portion 63 of means for cooling 52 are
driven.
8. A substrate for immobilizing DNA utilized by an
apparatus as claimed in one of claims 1 thfough 6.
9. A method for refrigerating and preserving substrates
for immobilizing DNA.
10. A method for comparing genes systematically by
setting a plurality of DNA immobilized library in a

container.
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