1 HYBRI DI ZATI ON APPARATUS Field of the Invention [0001] The present
invention generally relates to mcroarray technol ogy, and nore
particularly to hybridization apparatus and nethod of allow ng chem cal or
bi ochem cal reactions with small volu sanpl es on mcroarray slides.
Background of the Invention [0002] Hi gh throughput nethods for performng

mul tiple biological and chepjcal n r Qvi si mul t aneousness,

gui ckness and convenience.%ng%gPEZﬁg&ﬁsfggﬁégvgﬂﬁﬁicroarray technol ogy in
which nultiple sanples are arrayed on a planar substrate such as a gl ass
slide so that the sanples can be anal yzed si mul taneously. The sanples to be
anal yzed in a mcroarray fornatFiehdbfihe IDNAtioRNA, ol i gonucl eot i des,
proteins, peptides, carbohydrates, |ipids, drugs, co-factors, and small

nmol ecul es, [.0003] m croarrrays, the targets or probes are usually
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brought into conta e 1nmobilized targets pr o on the solid
suppor t . reéagtienstwih smabll polovedamples bhenittoairay slglepl aced on t he support, and
the fluid and solid support are covered with another slide and placed in
an environnentally controlled chanber such as an incubator for several

hours. Typically, the react al];acck%fb,;nlaeofthémyeqﬁghffuse to the interface
where they react with the i mobilized probes or targets, and a reaction,

such as hybridi zation reaction, occurs. [0004] However, sone of the current
i mtati @®02lof m cridghribypsghma medieodsHer parfremimpudultalebiobgidat et Elemical
processing .of slides,.and the difficulty in obtaining consistent and high
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I's 1 nadequdh@ayeshitfo AR Whi¥® IR bdmPa Rt G8raPld & Plahd subbrRE BgmLal , or
bi ol ogical fluids are typically involved. For exanple, when sanple probes
are t aken glassralidatsoethat thesswgdes canche asalyzedcemultenecambyl y$he samplgaltd et he
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[0003] In microarrrays, the targets or probes are usually immobilized on a solid
support having a surface area that can be smaller than a few square centimeters. A liquid
containing the reactants is then brought into contact with the immobilized targets or probes
on the solid support. In a typical procedure, the fluid is placed on the support, and the fluid
and solid support are covered with another slide and placed in an environmentally
controlled chamber such as an incubator for several hours. Typically, the reactants in the
liquid diffuse to the interface where they react with the immobilized probes or targets, and
a reaction, such as hybridization reaction, occurs.
[0004] However, some of the current limitations of microarrays include the time
and care required for processing of slides, and the difficulty in obtaining consistent and
high quality results. One particular problem in chemical and biological assays is
inadequate mixing where very small samples of chemical, biochemical, or biological fluids
are typically involved. For example, when sample probes are taken from patient tissues
such as cancer for analysis, usually the sample probes are scarce and can be used once.
Inhomogeneous solutions resulting from inadequate mixing can lead to poor hybridization

kinetics, low efficiency, low sensitivity, and low yield.




2 [0005] A nunber of approached have been provided for mxing reaction
solutions on mcroarray slides. For exanple, WD 03/015923 di scl oses a

m xi ng nethod by inflation and deflation of m xing bl adders | ocated

adj acent to the mcrofluidic chanber o% channel causing inward or outward
deflection of the chanber wall, and cofisequently displacenent of fluid
within the chanber. Anot her exarrpl eis ovi di ng a bubble within the fluid
film sP%¥at as PrEREAMbEPPIRached hay ﬁé RViEaf forpung regrtion $dFtgsans,
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where the sanple is hard to cone by as men above. The | abor-intensive
manual coevérgks thendtahibdr usess by celcharital smahial anothet nufans dhp beblge divesin

However, it re i.res skil nd ex i ence.. Mor t ssi,ble to
ensure efYeY Wflrl%lfhislélﬁc%ift%e?aﬁﬁ Sé‘&“@d?é%‘?ntghge‘ée‘tjr rgat(‘? én @é 52& é390n t he
sl ide bycasy,s5eyaiHoxRler, cdhbflod diddlbicalih e priciihQthave BROJ] mbhenaftiss there
is an inper ative need fo have a hybri di zati on apparatus and nethod that
can | oadinchedieg vequitenpentsu ob rdetivady llgrga mdmpls vplamsy emd o argst ndridization

sanpl e e ss.th ntire red. are This invention satisfies
this nee 881% ?ir s‘j‘ﬁ?g@%en en?ﬂ&%%%lrc }{;et% egﬁlpgf:%l r atus and net hod t hat enpl oys

vacuum spobsjon for [awddiiin, edhinyizinkQEdhe gahple Eevevsluime 1arweryme@maalet1he
-sanpl e probes. O her advant ages of this invention wll Bpar ent_ with
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pr esent t Q y [ n tys
Phat - enaBlAc ARRrRERGR et B SR FLOER 00 Pl SRR ABREKE
probes. tequaeeskipned ekps@ﬁnearbmrmef, it it A6t Bsbiblediozakure r&vapa@foahmloﬁlwf
effecting a reactron on a solid surface of a substrate w thin an encl osed
space coMpBPPISLEcRShifsrentre seYSeH learmeihe sBfe bprpyiauninple Ainher aglioBpace
wi t hi n Whi.glqt he reaction on the solid surface of the substrate

[0007] Therefore, there is an imperative need to have a hybridization apparatus and
method that can load the coverslip automatically and ensure even concentration of sample
probes across the entire covered area. This invention satisfies this need by disclosing a
hybridization apparatus and method that employs vacuum suction for automatically
loading the coverslip and mixing the sample probes. Other advantages of this invention

will be apparent with reference to the detailed description.

Summary of the Invention

[0008] The present invention provides a uniquely designed hybridization apparatus
that enables reproducible hybridizations with small amount of sample probes. In one
preferred embodiment, the hybridization apparatus for effecting a reaction on a solid
surface of a substrate within an enclosed space comprises a hybridization chamber for
providing the enclosed space within which the reaction on the solid surface of the substrate
can be performed, wherein the substrate is disposed one or more spots of probes; and an
applicator module for automatically loading a coverslip over the substrate and mixing a

sample fluid disposed between the coverslip and the substrate by vacuum suction.




can be perfornmed, wherein the substrate is di sposed one or nore spots of
probes; and an applicator nodule for automatically | oading a coverslip
over the substrate and mxing a sanple fluid disposed between the
coverslip and the substrate by vacuum guction. 3 [0009] Accordingly, one
object of the invention is to enable the integration of automated
pre-hybridi zation, hybrj.dization and st-hybridj zati on, processi ng for
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provides full agitation of coverslip to pronote betfer uniform
concent r &Ml of caygrbipang moblisg operation.he substrate slide. [0013] Still

anot her pect is t | ar, desi gn of er.allo Lt.to be set
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detail ed description of preferred enbodi nents thereof in connection with

the acc8wpahstraigslificawi ngs. Brief Description of the Draw ngs [0015]
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denot e | fileagieltieneiftcovedsP ibpromloz Betted uhitorth komdentthon bf eimplé propas evét of
t he hybri di %lgti on chanber. [0017] FIG 1A is the entire sectional view
t hrough ACAUBFIAHE1d5ybri di zati on' chanmber. [0018] FIG 2 shows an expl oded

view of tdag3aPpl i CaLifndRE Gl thaF AT RER defifn of chamber allows it to be set

up for a multiple independent slide processor.
[0014] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.

Brief Description of the Drawings

[0015] Preferred embodiments according to the present invention will now be

described with reference to the Figures, in which like reference numerals denote like

elements.

[0016] FIG 1 is the front view from the gate 9 of the hybridization chamber.

[0017] FIG 1A is the entire sectional view through A-A of the hybridization
chamber.

[0018] FIG 2 shows an exploded view of the applicator module that comprises the

check valve unit 1, applicator cylinder 2, bushing 15 and applicator head 4.

[0019] FIG 3 shows an exploded view of the gate module that comprises the heater
base 8, gate 9, gate cylinder 10, guide rod 11 and flipper guide 13.

[0020] FIG 4 is an illustration of the moment when the vacuum actuated applicator
head 4 is brought up with coverslip 5 above the DNA sample probe deposited on the

sample slide 6.




check valve unit 1, applicator cylinder 2, bushing 15 and applicator head
4. [0019] FIG 3 shows an expl oded view of the gate nodul e that conprises
the heater base 8, gate 9, gate cylinder 10, guide rod 11 and fli pper

guide 13. [0020] FIG 4 is an illustrat i4on of the nmoment when the vacuum
actuated applicator head 4 is brought 'up with coverslip 5 above the DNA

sanpl e probe deposited on the sanple slide 6. 4 [0021] FIGS5 is an
i |1ustral998H of th&ElGonsar iNysartional teveement yvhenitke ¢aygestipd is hewered pto DNA
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gl ass sl itagetistatrtedt he hybri di zati on chanber. Detail ed Description of the

| nvention [0023] The_ present inventiqQn nay be_ understoad re readily by
ref erenc&%8 t he 1?‘ g(lj‘l6d§viaﬂélth&§értaﬁf”il eﬁﬁwégﬁ%ﬁ PAlags Sl@érl{“é’iqﬁe gﬁ‘b‘&gﬁ?@ﬁt s of

the inveghifAber. [ 0024] Throughout this application, where publications are
referenced, the disclosures of these publications are hereby incorporated
by reference, in their entireties, into this application in order to nore
fully describe the state art 1o which this invention pertains. [0025]

Prior to detailed descri pﬁiﬁﬁ‘l?%éeifmﬁ’é’l“roégi‘%mﬁﬂp%nts of the present

invention, it is noted that the mcroarray technol ogy has broad

appl i cat gy as di $gU3saEn: A0 TAPRELRIG SN RAXRIRHADY LRALEN, sRTP! es

in the preferred e Iments are use or t pur pose stration
only. Anyolapphg dethilahdestriptiom qfrcertaintenibodmmntsoof thoingedtem. sanples is wel |

within the _scope of,the present invention. [0026]. The term "hybridi zation"
as used FO28in nea&é‘r(&lg&f’b}t:ég@ %quwarflﬁ% &’@%%@Iug]mtt&’r?ﬁl #e Beffje%/ e‘grt re
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a substrate, while the other dissolv In hybri"di zat1 on sol uti on.

typi cal ids&npheplehtioy by orderzatmore fully tdaeribe tlti stgte o tutde whidhethseinsentmnd
anti-sense_ strands of double stranded DNA. The ot her exanpl es include, but
not be | PHIABY to, DNA: RNA, RNA: RNA,

[0025] Prior to detailed description the preferred embodiments of the present
invention, it is noted that the microarray technology has broad applications as discussed
above. Therefore, the exemplary DNA/RNA samples in the preferred embodiments are
used for the purpose of illustration only. Any application of the present invention to other
samples is well within the scope of the present invention.

[0026] The term “hybridization” as used herein means a process by which a stable
complex of two or more molecules is formed. Any of the two or more molecules may be
deposited on a substrate, while the other dissolved in a hybridization solution. The typical
example of hybridization is the binding between the sense and anti-sense strands of double
stranded DNA. The other examples include, but not be limited to, DNA:RNA, RNA:RNA,
antigen:antibody, enzyme:substrate, and receptor:ligand. The term “hybridization
solution” as used herein means a solution suitable for use in a hybridization reaction.

[0027] The terms “mix” and “mixing” as used herein mean to cause fluids to
fnotion within a volume so as to more uniformly distribute solution components.

[0028] The term “substrate” as used herein means a surface upon which probe
molecules may be adhered. The substrate may be composed of any material that is
compatible with the fluids with which the surface comes in contact, such as, for example,
glass, gel, silicon, fused silica, paper, metal, ceramic, plastic, or other polymers such as

nylon. The substrate surfaces may be functionalized with, e.g., silane mixtures, so that the



antigen: antibody, enzyne: substrate, and receptor:ligand. The term
"hybridi zation solution" as used herein neans a solution suitable for use
in a hybridization reaction. [0027] The ternms "m x" and "m xi ng" as used
herein nean to cause fluids to notionwithin a volune so as to nore
uniformy distribute solution conponen?s. [0028] The term "substrate" as
used herein nmeans a surface upon which probe nolecules my be adhered. The
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functional groups on’ the substrate surface. e substrate erigd or
fl exi bl e mieodrrapylidsfwitie defesdrapempleatis ingll kmbsmantthasel skilleldanalie am. Thes,shape

of a square,.a rectangl.e, .or any ofher conveni ent substantially planar
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description of microarray slides and their Ki ng. 029] Now referring to
FI G 1, t hegoaddnse pyity pukeprefertpdoemblidimentort thh gndsent inmentanc ofldh hde the fréntone

preferred. enhodi nent of .the.present inventign. FIG.1 |s the fran vi.ew
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shapes and dinensions illustrated in these figures. [0030] As shown in FIG

1A, the Hiustrpigd imthesmfigirastber conprises Check valve unit 1 connected to an

ext er nal uum agit ator (f vagcuym-.suycti.on/ agitation) : | i,cat or

cyl i nder [0)%@/ down) Af,wgn%lg[ﬁmc g}éeﬁjeslfy%lgﬁain(?g%%‘?mh‘éra%&ﬂ?r%vdebreg% iV61V§ ;

Slide 6; uftild@nnddasiieto Gn ekiRaid Vabase aBitat6B(er Ricudmistetinldgitdesn)1 Appkatste rod

11, Hinge 12; Flipper guide 13; Pin 14; Bushing 15; Danpers 16; Stoppers
| nl e€yknsier (lﬂa@lowpbgj whamber @wam%eAp}zl@c,atomhﬁgg 4 Coverdinnd) Yideeh:pilids 22

17;
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Pin 14; Bushing 15; Dampers 16; Stoppers 17; Inlet port 18; Opening 19; Chamber 20,
knob 21, and holding pins 22. FIG 1A is the entire sectional view through A-A of the
hybridization chamber. For the convenience of description, the hybridization chamber
may be divided into three main modules: applicator module as shown in detail in FIG 2;
gate module as shown in detail in FIG 3; and chamber module including the chamber cover
3, glass slide 6, and slide base 7.

[0031] The chamber 20 of the chamber module is formed between the chamber
cover 3 and the slide base 7, wherein the glass slide 6 is disposed upon the slide base 7
within the chamber 20. The chamber 20 is sealed with two embedded O-rings and the gate
9. The smaller O-ring for sealing, e.g., the bar code label of the glass slide 6 is embedded
in the middle step of the bottom surface of the chamber cover 3 nearer to the hinge 12 and
is made compressed against the top surface of the slide 6 upon closing the chamber cover 3
over the slide base 7. The bigger O-ring for sealing the entire hybridization area of the
glass slide 6 is embedded in the lower step of top surface of the slide base 7 and is made
compressed against the bottom surface of the chamber cover 3 upon closing the chamber

cover 3 over the slide base 7. The chamber 20 is fully enclosed when the gate 9 is at a




may be divided into three main nodul es: applicator nodul e as shown in
detail in FIG 2; gate nodule as shown in detail in FIG 3; and chanber
nodul e i ncluding the chanber cover 3, glass slide 6, and slide base 7.

[ 0031] The chanber 20 of the chanber dule is formed between the chanber
cover 3 and the slide base 7, wherein the glass slide 6 is disposed upon
the slide base 7 _,wthin the chanber 20. The chanber 20 is sealed with two
enbedded 'eracted posisinn and ghermmbeddad Orfipg madeeqonmresse@ aganstdeenpnening ¥.4§. , the

bar code ﬂeaﬁglllt %{Ifa{cg g)f giﬁgﬁﬁarﬁhérdgovgr gs Qe eﬁilg ec%axtn,'nbgr %tﬁs lﬂlgﬂ L:l?cl(%teﬁ pthgf t he
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cover 3 ve the s| i de 7. The ring for sealin ire
hybri di z& tg? qIWgO §| chambgr; 5@%& ithe ém%t awoméquﬁé &%p of
top surfg Hgtat;ogz,rggeb%@ac%ﬁlea&ﬁd is made conpressed against the bottom

surface o the ch er cover 3 upon closing the chanber cover 3 over the
slide baf®32l. The EHadbernn Alsirstidrudd the mwaﬂem\/ﬁ&mabmﬂngatmte@ applicaatora 6

t t .t d t he, enbedde essed .aqgai nst the
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5, DNA sanpl e probe and glass slide 6 are closed up in the encl osed
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b FIG 4 | | | t wh
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of the nmoment when the coverslip 5 is |owered onto he sanpl e probe
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cover sl i phebappliedtot H&d%nd&ﬁﬂ@;b;ﬁlcafo@b?hﬁi@(lﬁhbﬁi the apﬂjlﬁ:aﬁdrl}ﬂ@d d.widngeher is
agitating the DNA sanpl e probe via the caoverslip 5. The vacuum suction is
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functi onfo33hi s FIG 2 shows an exploded view of the applicator module that comprises the
check valve unit 1, applicator cylinder 2, bushing 15 and applicator head 4. The busing 15
is mounted on top of the chamber cover 3 with an O-ring sandwiched between them. The
inner circumference of the O-ring forms an air tight sealing to the outer circumference of
the stem 4a of the applicator head 4 when it is inserted into the bushing 15 from the hole at
the bottom of the chamber cover 3. The distal end of the stem 4a is connected to the check
valve 1 via a hole in the tie plate of the applicator cylinder 2 with a threaded union. The
check valve 1 acts as a seal to the enclosed chamber 20 when vacuum suction is
deactivated. The tie plate is connected to the piston rod of the applicator cylinder 2 which
together with two dampérs 16 are mounted on top of the chamber cover 3. The surface of
the proximal end of the applicator head 4 is designed with grooves to allow vacuum
suction acting on top of the coverslip S to hold it above the DNA/RNA printed slide 6.
[0034] FIG 3 shows an exploded view of the gate module that comprises the heater
base 8, gate 9, gate cylinder 10, guide rod 11 and flipper guide 13. The heater base 8 is
fastened with its top surface towards the bottom surface of the slide base 7. A thin heater

pad (not shown) is sandwiched between them to heat up the enclosed chamber 20 by heat




provi des efficiency, convenience and sinplicity. [0033] FIG 2 shows an

expl oded view of the applicator nodule that conprises the check valve unit
1, applicator cylinder 2, bushing 15 and applicator head 4. The busing 15
is mounted on top of the chanber cover with an Oring sandw ched between
them The inner circunference of the ring fornms an air tight sealing to
the outer circunference of the stem4a of the applicator head 4 when it is
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bottom surface of the slide base 7. heater™ pad (not shown
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ends of f{duwsstie pl @&ee.hyﬂﬁtﬁzgtﬁroﬁgetupnds of the gui de rods 11 are inserted
into theg%gl ding holes fromthe back surface of the heater base 8 and they
are fast &W8@ t o t hdhejckamber eovsr 3tip@pgradetocprnuslizloadthemie-prpaessed DNA ch i s
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gate 9 i prdafarr¢dhembpdimenpo shd ¢claimbes cevavd id Gpdﬁb&ibylﬂ%st manually actlvatlng the
gate 9 open and then by unscrewing the knob 21 in anticlockwise directions.
[0038] Now referring to FIG 6, it is an illustration of loading a glass slide, DNA
sample probe, and coverslip just before closing of the chamber cover 3. The glass slide is
placed onto the raised platform with guide pins for nesting. Upon placing the glass slide,
the vacuum suction of the applicator module is activated to hold the coverslip 5 by the
grooved surface at the proximal end of the applicator head 4. In the meantime, the DNA
sample probe of 72 microliters is dispensed onto the center of the glass slide 6 with a micro
pipette. Then, the chamber cover 3 is closed against the O-ring that is embedded in the
groove 7a around the platform of the slide base 7. The chamber cover 3 is locked against
the holding pins 22 by screwing the knob 21 in clockwise direction and then by manually
activating the gate 9 close. It is appreciated that after the pre-hybridization setup, all the
subsequent operations described hereinafter are automatic.
[0039] Hybridization
[0040] Upon the start of hybridization process, the coverslip 5 is gradually lowered
down by the applicator cylinder 2 against the two dampers 16 until the tie plate of the



[0035] Now referring to FIGS 1-6, the operation of the hybridization
apparatus provided in the present application is illustrated by using a
DNA hybri di zation experinent. [0036] Pre-hybridization setup [0037] The
chanber cover 3 is opened to nmanually l,0ad the pre-processed DNA printed
glass slide 6 into the nested area at Phe top surface of the slide base 7.
In certain  preferred _enbodi nents, the chanber cover 3 is opened by first

manual | y apRliqatoscyleder Rdouchss theatoppers 14 ed therdamnsys 1 sEheesmeedot lawetindthe21 in
anticl ockw, sg:.d i f.er [4l: LI 4.8 .
illustr até }Q%ezﬁgf 5 F%%%feg%%a{gﬁg%z; %l{ylg%xet?&dﬁlﬁgﬁlg%%qobj %?o‘%&pe§nf§ ’ Bgé\}lé?asulci p
j ust bef dloev cbasbhgablestdirl pheurhstic @essure3 supple Htassn sll itelel 0 darspl dted ont o
the raised platformwth guide fpi ns. for nesting. Upon placing the glass

h
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slide, PHckEaRnes Syl idifanse ethibe dispplateaplorprtsator eyiliaderc? iy a6auate nfol d
t he cove ' Cf: a | .
appl i cat gédeh%g% ‘%Yﬂ%eg&?wg{rgr;gz‘zgi%g{pfeﬁhg'ﬁg ngg%p{@tg%é gﬁ%?@?eé}%} ﬁl‘l%glrﬂg liters
i s di spepsaddahinothehmesantappli@tionhie tiyd astonmteaddieandling tof the wbearslip fifoett e.

Then, the ch&gnb@r covgr 3 1s closed agai nsai%th O.ring th i.s enmhedded in
the gr o&HRECREIRIP SBFFE {%Oflpfaé‘iﬁlﬁypﬁ‘? % AL 354E BHE® FiersThit dspaRisercEover 3
| s | ockednfgah Nk bitbfel8Q! o BE satpRY pobeE Weidds YR effl@Pardd unBeCtRCKW se
direction and then by manually activating the gate 9 close. It is

appr eci acectrsliped. after the pre-hybridization setup, all the subsequent
operatio escrib her ei nafter_ ar.e aut.omat j.cC. 039 bridj zati gn [ 0040]
Chont he DA “or " RYISF T SREFR pRIguEdd e HERNAorIpe brRbe geRfa Ry
| over ed tigomiksklidé b ®y aRPApERAOF cylifldenlied s}%“ﬁﬁﬁlf«ﬂ@tsiﬂéevabwn(igﬁﬁ%&:féﬁ unti |
the tie plate of the 8 applicator cylinder 2 touchés the stoppers 17 of the

danpers iGstared inpeditdy widwernragregreammsdv@NsandpOEF durphiefseandohymbar of nmi s
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pr edet er midaenBer aﬂeéclﬂhﬁi%ﬁﬁen afclé@ntbeePirath® 10f100RPnEatRpekiihd it 2 1S
accurate and  repeatable by the stoppers 17 of danPers 16. e advant age of
t he appl festedPerpamnse reguial decumiformpistisbetinant sampleinralg ennceniratina vaddronat ed
handl i ng Sl i . i S j r obes
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intervals throughout the entire automatic hybridization process that could be as long as 8

hours at 45 to 60°C used by any standard hybridization protocol.

[0042] Post-hybridization

[0043] Upon completion of the hybridization process, while the gate 9 is still
closed, wash solution (not shown) is dispensed by a syringe pump (not shown) into the
enclosed chamber 20 via the inlet port 18 of the chamber cover 3 near the hinge 12. The
wash solution is used to dislodge the coverslip 5 from the glass slide 6 by combining the
aspirate and dispense actions of the syringe pump for a predetermined duration. At the end
of the dislodging, the gate 9 is opened by the guide rod 11 when the gate cylinder 10 is
retracted. In the process of gate opening, the gate 9 is tilted upwards about the gate hinge
12 as the pin 14 is glided along the slanting edge of the flipper guide 13. The tilting allows
a greater space in front of the opening 19 of chamber cover 3 after the gate 9 is fully
opened. The wash solution is pushed out from the opening 19 of chamber cover 3 by the
continuous dispensing of more wash solution with the syringe pump. The dispensing is
continuing until a predetermined time when the coverslip 5 is flushed out of the chamber

20 and the unbound samples probe is washed away. The post hybridization process is




uni form and bubbl el ess spreadi ng of sanple probes across the entire area
under the coverslip 5. [0041] After the coverslip 5 is |lowered onto the
DNA sanpl e probe deposited on the glass slide 6 by the applicator cylinder
2 as shown in FIG 5, the vacuum agit at 'Pon cycle is started imrediately
with a pre-progranmed ON and OFF duratFons and nunber of cycles. The ON
and OFF durations each can be set fromOrs to 10s or longer. Sinmlarly,

t he nunbeempletadaandithe ghimbari comercy s epenedio balogé ther glasn dided folipingmpde,
dependi ng%on tehﬁ desi red perfor mance result of the uniformdistribution of
sanple p lbsgq%él CEAYPEOPEA " Mder  the entire coversli p. The vacuum

agi tati ofpoaycl e canliba d@remwde@ln%dihmeﬂf,omeadmﬁh@ﬁohm appahfustiBragghaut the
entire automatic hybridi zation process that could be as 1ong as 8. hqurs at
45 to 60byhridigation. dayueh asases therrppstion area ploe srbtitstoturiacpdadp plurality of
Post - hybr | gli i lL.etl whridi zatg CRSS,
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by a syr ntoderubismpofe’cire stravge}l ih rat spatidiy defreddiasdphghiastbead®Ossuble mdmet,nl et
port 18 of the chanber cover 3 near the hinge 12. The _wash solution is
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used to HFsPERYESRhE RRSAIIEPTE AT o intaogIPagfsred prBodMSyt. dRfmBIoRFHY et he
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rod 11 whemdlémmlgat.g., oligapegidesbiid itlee likeetmagcted as probehas ywelbcess of gate
opening, the gate 9 is tilted u rds about the gate hinge as the pin
14 is gl (98 al ong?&ﬁéoshea%ﬁﬁr%ﬁ\éﬁg@t& ° CREFaFPR shdie @Rﬁaa%uag%%%ereﬁ?r}tu ng
all ows  §v@hed RiguiBaGter SorhpBithtsAhat! € nSPERIWAGN FIGY! 1-6 RR MRS A Hefeird af T er
the gate 9 is fully opened.” The wash solution is pushed out fromthe

openi ng For efamypierthe compemant3inblude pewer supiply yecsing seppdn sidh golofiomsuenplywas h
solution wth the syringe punp.. The di nsi ng i S, cont.j.nui untid a
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and the pRROKH &R 88scAbANEplo%idsa hbREh RNV@E salté8f Resity.hybri di zati on
process is 9 conpleted and the chanber cover 3 is opened to unload the

gl ass sl [0946l6 for &¥Bilerife arrgentsnyensigndns beanadeseripdopidh eaference foqpaaqularn a
preferr egm%o mgein S, % wiltl h@)ee'\ lﬁlfd%{s ik %hiaP ﬁleederfalgg(ﬁ{:n%%l ssarie Sllhlfs%rea(givie Mnd that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.




hybridi zation. In such a case, the reaction area of the substrate surface
has a plurality of nolecular probes bound thereto, and serves as a
hybri di zati on region. Preferably, the nolecular probes are arranged in a
spatially defined and physically addreﬁiable manner, i.e., are present in
one or nore "arrays." In a nost preferied enbodi nent, the probes are

ol i gonucl eoti de probes (including cDNA nol ecul es or PCR products), although
ot her bionol ecules, e.g., oligopeptides and the |ike, may serve as probes
as well. [0045] It is to be appreciaigsginishat the operation of the apparatus
of the present invention requires other conponents that are not shown in
FIGS 1-6 or described herein. For exanple, the conponents include power
suppl vy, L l.y and sol ution supply. All the conponents are well
within tﬁ%&ﬁﬁgaégggéxknomn to those skilled in the art. Thus, there is no
detail ed description provided herein for the sake of brevity. [0046] Wile
the present invention has been described with reference to particular

enbodi medts, # hxtiridizaien gppapes doreifasting areacsinn oai ohidsugiees o 2 subsiralei ve
and that _t: i j C js not so limted. Alternati ve enbodi nents of
t he presg% ﬁ%%ﬁ%ﬁ%ﬁ%ﬁg@Fﬁ1 éggﬁé apparent to those having ordinary skil
in the art toawybddizhthen ghaaentor iprorédihg e enpRkédspase wilithwhich érenaicion

enbodi ments, are, consi dered to be enconpassed within the spirit. .and scope
of the pPE§}é‘h§‘ﬁ}dn§Pé P Oh oROsTHF gR ?ppﬁerrg%a@e&lnﬁhremﬁwsggw dispo¥At i on
is descphbsdmby HBR ARpaprdedcl ai s and is supported by the foregoing
description. 10 é?aﬁnBEVﬁgkﬁgg claimed is: 1. A hybridization apparatus for
effecting a reaapplicatemmade fordauemiétaally dbading alssterslipe ovasi thésubstrateeand| osed

space, conprising: hyhri di zati on chanber for provjding the encl osed space
o Thin wiEanapleTu Simoesd Tehtreadns trretmip ans Hsrtbiitattn St HRGEE be
performed, wherein the substrate is di sposed one or nore spots of probes;
and an applicator nodule for automatically |oading a coverslip over the
subst r at & and Therhxbmdjzationaapphretus loficldind il swbereh the substatetihe miavarsyl slideand t he
substrate by vacuum suction. 2. The hybridization apparatus of claim1,
wherein the substrate is a mcroarray slide.

3. The hybridization apparatus of claim 2, wherein the microarray slide is made of a

material selected from the group consisting of glass, gel, silicon, fused silica, paper, metal,

ceramics, plastic, or nylon.

4. The hybridization apparatus of claim 1, wherein the probes disposed onto the
substrate are selected from the group consisting of DNA, RNA, oligonucleotides, proteins,

peptides, carbohydrates, lipids, drugs, and small molecules.

5. The hybridization apparatus of claim 1, wherein the hybridization chamber is
formed by a chamber cover, a substrate base and a gate; wherein the substrate base is
provided for the substrate so that the substrate is secured within the hybridization chamber;
and wherein the chamber cover provides connections between the hybridization chamber

and other components of the hybridization apparatus.

6. The hybridization apparatus of claim 5, wherein the chamber cover has one or more

inlet ports for allowing reaction solutions be supplied into the hybridization chamber.




3. The hybridi zation apparatus of claim2, wherein the mcroarray slide is
made of a material selected fromthe group consisting of glass, gel,
silicon, fused silica, paper, netal, ceramcs, plastic, or nylon. 4. The
hybri di zati on apparatus of claim 1, mh@tein t he probes di sposed onto the
substrate are selected fromthe group nsi sting of DNA RNA,

ol i gonucl eotides, proteins, peptides, carbohydrates, |ipids, drugs, and
smal | molfecul 8¢ hgbridiraionyappimgiusof ickwmdp phewsinuge applidagirmadul pempriss e he

hybri di zaj | hanber_is .formed.by a chamber cover...a substrate base and a
gate: eI TRE  Soayib AR EGRer % PUTRE RS Y SR eIl B o ne
subst r at epplicate Gdadchhs $tbnhithe conttieditd eel chBclchavdenit thralith B apglidatdrhe
chanber cover provides connections between the hybridization chanber and

ot her cofpéiieatad bushing #dban appligaiesrheag fhatas Wesigred fthboldythe icaverskip ¥A
apparatu I 1L e r i t

or s f oPery Sl iihate HHRPLE blphead, Gl b R e PRI e, o,
chanber . sdniplé.fluldhéhebaalfiet; dind athiedein alp apmictor oflileaand the bvskingi ate tiposed

appl i cat or dul e conprises .a check valve unit, an applicator cylinder, a
bushi ng 89 BhioRsSIthetbgidizatiagn chagstei n the applicator head has a stem
that is connected to the check valve unit through the applicator cylinder
and bushing, and an applicator head that is designed to hold the coverslip
up befoBe thd&hsdryptidizhtion dpparatlissgfodenn dntfartlicnecomprsingt egagan chodaledfoont o

the coverslip the sanple fluid thereafter;. and rein the applicator
cyl i nder PEYYH 1R RN B gﬁﬁ?@iﬂéw P?ﬁé@é‘&mdosﬁ[%wflﬁ@ %glsgl?arw’geaﬁ@igri di zati on

chanber. 8. The hybridi zati on apparatus of claiml1, further conprising a
gate nodule for providing an outlet port fromwhich any liquid solution
can be dPschafdlelylrabizdtipn apparTiue ofigloim 8i wh@rbiorthegqianmdué inprised ahefer
wherein the gate nodul e.c ri ses a .heater.. base,, a gate, .a,gate,cylinder,
2 gui de Pow; Laal A GERCh A G QoRa f rum® Rlielr iy oI S Wi 1
its top aispbrasvitiPplofsutie BXMatRThS Bbitds SurPicelofencSiddsiata bescd ameieiher i n
the gate cylinder with an U-shaped tie plate is disposed to the bottom

surface &ftetaylinferavish an Aaskapedtiier elpie is Wesppsddpiocthe dattam Justage op dwelirates t he
back sur e. of t er__base:;. wher,ei one e ofs.th uide r i,
att achedPhs el BB RRIF ut s BRR Gy L BeHEEe] fherih
one end of the guide rod is attached to the U-shaped tie plate; wherein the gate is hinged in
between the two ends of the U-shaped tie plate; and wherein the free ends of the guide rod

are inserted into the guiding holes from the back surface of the heater base.

10.  The hybridization apparatus of claim 9, wherein the gate module further comprises
a pin; wherein the pin is inserted into one side of the gate nearer to the lower corner and
brought into contact and rest on the slant edge of the flipper guide when the gate is in the

open position.

11. A method of performing a hybridization by using a hybridization apparatus that
includes a hybridization chamber, an applicator module and a gate module, the method
comprising steps of:

manually loading a substrate onto a substrate base;

manually disposing a sample probe onto the substrate;




between the two ends of the U-shaped tie plate; and wherein the free ends
of the guide rod are inserted into the guiding holes fromthe back surface
of the heater base. 10. The hybri di zati on apparatus of claim9, wherein the
gate nodul e further conprises a pin; ﬁerein the pinis inserted into one
side of the gate nearer to the |lower cofner and brought into contact and
rest on the slant edge of the flipper guide when the gate is in the open
posi tion. 11. dispesingoulcofergar putonamaprlidaydsrliedd zata eorrdsy positiog se that the

hybri di zat ivé)nl. aF,gar atus ¢ hat  incl udfzs abhybr%ldi ZEtti n“&hagger, an .

appl i cat 6P nodETaRAPE G &P T NGEIPEP'S RO et iy SU %Fﬁg?i RIS ERUC Pt
manual |y cbmtaeh ag a substrate onto a substrate base; manually disposing a
sanpl e probe onto the substrate; 12 disposing a coverslip onto an

appl i cat or hea&tiriing an eviomatad Ipdsidizagan psotopalt therrby thowpplidatqs heag appligser | y
cover th . P 0, e I A I t - and
starti ng?%%%% Sglﬁacgng(g a}?y%ylltpﬁch 9%# ? %h t%ér %b‘é@%{%;a&l? E%l?{ é‘%{}ﬁ? ﬁ%}@ﬁ [51? c?t;c;éa({?"g}rﬁghead
appl i es hybediestisr sl i p onto the sanple probe on the substrate and m xi ng
t he sanpl e probe during hybridization.




