FLU D PROCESSI NG AND TRANSFER USI NG | NTER- CONNECTED
MULTI CHAMBER DEVI CE CROSS- REFERENCE TO RELATED
WERBA 34543 ON [ 0001] This application clainms theCcT/SG2008/000222
benefits of U S. provisional application No.
61/ 064,871 , filed March 3 1, 2008, the contents of
whi ch are incorporated herein by reference. FIELD OF

Flg'lbflﬁ) PNV’;‘@E*S@I‘NGW]TWSFE@@@FANgnmfgﬁ-p?rgﬁlzm MULTI-

| ui d processing, nDreXartl cul ar
processing and transfAMBERDEMIGE- connect ed

mul ti - chanber devi ces. BACKGROUND OF THE | NVENTI ON

[ 0003] Preparation of biological sanples, such as DNA,
RNA, nRNA and protein fromclinical sanples in the
forms of solids and fluids, may involve a series of

pr CRESS-REFERENCETONRBEATEESSAPPULIGADIONLE i on, cel |
separation, cell lysis, gene extraction, and/or
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are contained and manual |y transferred using test
hereiruby sefarencei cr opi pettes: This is time-consuni ng,
| abor-intensive, and prone to human error. There is

al =oAL Ei ' of cross-contam nati on of
nu%ll(écle"fbczélalcll Ia{si I@m-lgmgifferent sanpl es. Some of the

manual <steps and operations nmay be aut omated using
[0002bbot i CTisy ptesmmi inugntibhaelatdoto fuitlysloesssiag.emaré piactidularly to

.,to use for ndl i ng smal ] anounts of sanpl es. .
fluid pEocaSFg arﬁ]ﬁaﬂ#ﬂ 8ﬂnsy@ﬁee-&pnpe¢t@alwwasch§zf§@d deyises-

‘and expensive equi pnents. [0004] A chip-based or

CBACKERODATE OFTREINSENFION an process a snal |

anount of sanple fluid within a closed fluidic system

t hereby reducing risks of cross-contani nation. ,
[0003), i cal IRFepanation|afi kiologisa! wannles.t suchcas PNAr RNA, mRNA and

orod 5 eSS 88 it bf KRN TG, 5 ndES sores
of pmcessihgrstepsinsudhoas rtissuebdissdgiatican ccelir separations,i ol B, gene
[ nconven)' ent %o us;?_ SUMVARY OF THE, | NVENTI ON_ .
extraction, and or washing. his sometimes requires complex fluidic delivery and
processing protocols. In some conventional processing methods, samples and
reagents are contained and manually transferred using test tubes and
micropipettes. This is time-consuming, labor-intensive, and prone to human error.
There is also a significant risk of cross-contamination of nucleic acids between
different samples. Some of the manual steps and operations may be automated
using robotic systems, but the robotic systems are difﬁcult to use for handling small
amounts of samples. Moreover, automation typically requires added costs and

expensive equipments.

[0004] A chip-ba.sed or cartridge-based micro-system can process a small
amount of sample fluid within a closed fluidic system, thereby reducing'ris,'ks of
cross-contamination. Typically, the fluid flow within the chip- or cartridge-based
systems is driven ahd regulated using pumps and valves. These systems have

complex structures and low reliability, and are expensive and inconvenient to use.



[ 0005] According to an aspect of the present

invention, there is provided a mcro-fluidic device
w@ewpn2®dshg a body. The body defines first, serPONSGzNNg000222

third pneumatic ports; first, second and third

chanbers; and a connecting conduit. Each of the ports

| sSERMIARYOFTIRE $IRYENTMANShaped to couple to a
pneurratl c conduit through said seal. Each of the

chanmbers is for receiving a liquid, and has a top
[0008beni ng Aaserding de tacbhamﬁ@guolﬁghe Presan pn\andionn these is arovided a

micr§- I?I‘?J[H?c? e gﬁ:g'oﬁonré bﬁélﬂa < X gﬁgg | Cﬂ%é %@gg‘vcgﬁg%g fﬁgﬁ es%%%a“? [and third

pnetbﬂ)&ti@pbﬂ@eﬁrsh@ecoﬁ(ﬂl@anhk@@hemrﬁfg@n(ﬁéﬁcdnﬁeng gonduit. Each
ommuni cati on wi .t h one another through the connecting

of theoRQNs 1S SSalegyithea &68| Aodtshapess tOpﬁ@'ﬂFHﬁttPca m*@ymﬁt@scondult
throdgfl‘uaéé‘l %@”@é& gf‘ r%“gnar%ﬁb% Al g@%ﬁig r@g MPO ; ari'has a top

nstfer a rom one o
openimg avid aabdtt@haapmmgt hThediopsapening nofe e chanmtskri is in fluid
Each aone qf said c y have g bott msur;)ace
com@pglg@ﬁ r&FQG"c Qfg @?QC%E’PFBHQ&B BAMIG 45 BP0 £gch one
of thé%“ﬁtoﬁh@ﬁ@ﬁnﬁgsAtTHee@éﬁorﬁ opepi \?%”ar%f inSRiid cﬁgﬁrgﬁ%éﬂ% with one

conduit may be at a | evel "abo [1quid In sal
anotia¢rartbrough Tﬂl&a cmrmpchng ¢onduitde Setestivpoapplimation bbtprremmatlc |

S Xy AT LM 1 T

fromt 6fe POF tsa@Schafibéreass aholest iope of Sl dclkambest ithdugh said
conduit may be adjacent said top portion. The top

conngpling aERAE Eark opratsaidschambers may hewvawr beftam tsgp‘ace sloped
i t
dowrg/g:%r?ll)gféyva:fﬁ Qﬁ’f ltgﬁl'tdm\') Qﬁln‘g?eéf &:ﬁ&i ?Xh%ﬂbﬂ'tt% Qt qu%%%h a section

ne con
of saﬂtmmmbot@gkxmndwrmameedt d Iwepabdme arliquid Revel in said chambers.

The i8dy FRC Bk & BadRTib oh boHamReeENSohE BradiRgortion. The
charﬁb@r& %'ﬁldctﬁﬁﬁie’&ﬁﬁg RBAdGID 058 %@ﬁhé‘@ Zos%‘i’dl hiddiédhd 9)? portions.

| e and bottom portions may parate portion

At Ie&‘ﬁdﬂ sertion efdsaid ponneasingnegndodd mayn@m aghiackrti saicktop partidn. The

*op RS0 BARRES 89 o b M Bt THb ey oo

deﬂnéeab\] saitt bottoRRipdrtichy P lnﬂddl%nFoﬁ@ndn‘bﬂt tefimd Wohdaits each
be made of a plastic materia body may defi ne

extendin@ bemeen APB ST (e BPLE GRS eRITR$RAnsiNG torsereniag. Thg middle
portlcgrﬁ g%}izérlélfrhaéy BbRAGITBAES Ry B Feer BRe! drtHEDdtdn? openings

and the connecting conduit. The top, middle and bottom portions may be separate
portions, and the middle portion may be sandwiched between said top and bottom
portions. At least one of said top and bottom portions may be formed of a flat
sheet. At least one of said top portion and said boﬁom portion may be‘made. of a
plastic material. The body may define more than three inter-connected chambers,
such as six to eleven inter-connected chambers. The liquid in a chamber may
comprise a reagent, a buffer, a sample, or a gene binding conditioner. At least two
chambers may contain different liquids. At least a portion of said body may be
made of a polymer. The polymer may comprise polycarbonate or poly(methyl
methacrylate). The seal may be made of a plastic material. The body may define a

gene extractor chamber. The gene extractor chamber may contain a gene
, ’ ,



conprise a reagent, a buffer, a sanple, or a gene

bi ndi ng conditioner. At |east two chanbers may contain
walpdobarases | iquids. At |east a portion of sai dPEDBG2008/900222

be made of a polymer. The polyner may conprise

pol ycar bonate or poly(nethyl nethacrylate). The seal

extréﬁ!dr BAdEg By ira fididassmeénUuidRionalvith Hafd Refketiy é8hAIE The
gene extractor chanber. The gene extractor chanber

bOdY‘ﬂﬂlaEOﬁﬁﬁﬂ@l a peduekichambsr and mayvaste i ehambed each in fluid
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The pRelifmatid condut Mayeddmprivé himeedied gene extract or _
chamber. The device nay be a cartridge. The pneumatic

ndui t may copprise a needl| e. [0006 I n accordance
[°0°§f th andf FSFOLtaRee: With anﬁweﬁraégsﬁttol eseRt inveatien,there is

provl%%v'a‘il\e %lp?%eﬁﬂga[:@ﬁwpﬁsﬁugn%r 'ogén 0EsERbAE RFIRE! Pleeq:edlng

the p I ng par agr a station connectable
paragtapft'al dnaﬂemstatnérmrc@e@dztblaeioy sambldjeivm@ fpore webeatively applying

e T S T G SR A VG, e
statiéi® Hﬂiy BEmptisd aHs@ Esigefed ﬁ)rﬂiddlﬁﬁhg Wth0§a|@ 'E%W&t la‘fplurallty of

condui ts -nmounted on said base to couple
pnewnatic ponduitst mpuoigd easgidsbases shaaad daicauglefoceaidl eports through

i SEHR 0 BB col To B Bl IR s cach

conngeterlCtd BRk Yof rsaitl babumatia dondulls forogelébtiveid Fegifatihg a ﬂmd flow
pneumatic conduits. A first set of the valves may

thrm&shﬁ@gtwwt@ $QW@{'tSpré§§§|tr etqfthe valves mayde m@ne}pted to a
first FPRENIrBIdbicS at QIreEﬁ é}gsé%g;/lngn?d“@ld C?&E§S§ Uit sH&imatic

second set o e connec
presserepadd@ semndeseltewﬁ the waiVes maydiey capmdcted do taosndl pressure

mat |
devidt seRofydly PR i Sald BoRk eStidng Phsiumis Pesuulie dowe than
said TRt Peedthatie prédidne Onﬁwé‘tflfgtsﬁéﬂn@atl(:aﬁ%sfsnﬁé %%)PBQ higher than
pneunatlc pressure nay be | ower than one atnDS her e’

one pirposphene, mngss the segend cenetyatico ppesssiee anpvels%dcpwer than one

simBB, 5 oSS R EASHEE NG ARV SPB it e sl

second rnregédrert@vm@emayld@m prfseS@Ivchﬁh \peenmnThe atatid eayWwomprise
devjces. The station qyrlse a conmp uter in
a congplianipcaemtsling Pﬂet@é'pa Q,f yalves ansrs% RI9SSUre dgvices. The

statiGP&hal' 8mpliss 2h Ac&ABLIR i communication with said controller for

controlling operation of said controller.

[0007] In accordance with a further aspect of the present invention, there is
provided a method of operating the device described in the two preceding
paragraphs, wherein at least one of the chambers contains a liquid. The method
comprises coupling said pneumatic conduits to said ports; selectively applying
different pneumatic pressures to said chambers through said ports, to cause said
liquid to flow from one of said chambers to another one of said chambers. The
pneumatic pressures may be sele’ctively\applied to transfer said liquid sequentially‘

through more than two of said chambers.



[0007] In accordance with a further aspect of the

present invention, there is provided a nethod of
Wo@p@parisey t he device described in the two preRensGn08/000222

par agr aphs, wherein at | east one of the chanbers

contains a liquid. The nethod conprises coupling said

[000B8DeuDther asutis bha féatursy of tR@Préserstahwsttionalill bapBl dithbarent
different pneumatic pressures to said chanbers through

to thageqoperdisar skill dnst@esartquperyrveno of (taey fellomingndessription of
' t ot ane. of i d.chapher .
specit, SrideREhts o, 32 KBRS P cof U EHEAZHAR, fre HiSompanying
figuresansfer said |liquid sequentially through nore than .
two of said chanbers.[0008] O her aspects and features

orealkr SRl BN O e HrAWIBEY o Fow of the o

foll owi ng description of specific enbodi ments of the

000DV eIlh kIR fihGreSOWNEHCAILSIRatS b WA ofekampRNYhRY embodiments of

: ngur es. B_%I EF DESCRI PTI ON ortg T‘ﬂE DRAWmRGS [ggog] I'n

the prasentiigyendion, whi ch il lustrate, by way of exanple only,
enbodi ments of the present invention, [0010] FIG 1 is

bl ' . Ldi J |
10018] " §5% 11 38 S diagrbhb ff ARDERE ShpaRiGTIpReely of an
embodinteritof the preseneivention;r ecept acl e base for use in the
apparatus of FIG 1; [0012] FIG 3 is a

oss-segtional elevation view of the hase of FIG 2
[001if ongléh t|§ pﬁgp R—%&‘, V'FUG&% regeptagie hasg B’bt‘?%ffﬂ the apparatus of
FIG.9ee-t hrough perspective view of a cartridge for use in :
the apparatus of FIG 1, exenplary of an enbodi nent of
t he present invention; 00141, FIG 5 is a top eﬁl oded
[0012Fr spiG: B agress-sectional elevatioa yiews pf thechase of Fif812 plong the
Iineé—ll@ 6 is a bottomplan view of the cartridge of FIG
477 [0016] FIG 7 is a top perspective view of the top
. portion of the cartridge of FIG 4 ; [0017] FIG 8 is,
[0013] boFiG M e admiom, \seevtheougif pefspebtive vienwpof a cartridge fdreuse in

the a%%ragthg %? FIG. 1, exemplary of an embodiment of the present invention;
[0014] FIG. 5 is a top exploded perspective view of the cartridge of FIG. 4;

[0015] FIG. 6 is a bottom plan view of the cartridge of FIG. 4;

[0016] FIG. 7 is a top perspective view of the top portion of the cartridge of FIG.
4, ‘ |

[0017] FIG. 8 is a bottom perspective view of the bottom portion of the cartridge
of FIG. 4; | '

[0018] FIG. 9 is a top plan view of the middle portion of the cartridge of FIG. 4;

[0019] FIG. 10 is a bottom plan view of the middle portion of the cartridge of
FIG. 4; |

[0020] FIG.11isa cross-sectional elevation view of the base of FIG. 3 coupled
to the cartridge of FIG. 4 in operation;



of FIG 4 ; [0018] FIG 9 is a top plan view of the
m ddl e portion of the cartridge of FIG 4 ; [0019]
WO-R@B9/123363 s a bottom plan view of the m ddl e peCT/BGI08H00222

the cartridge of FIG 4 ; [0020] FIG 11 is a ~

cross-sectional elevation view of the base of FIG 3
[oozguprﬁd. M2 18 SHdmatORIiRrafl 6F a4ghﬂ 8P e ld=piidhOsLFIG. 4

G 12 is a schematic di agram of part of the

illustegdingritsoeperstionr| exemplany ofsar embadinent of tlee preésent invention;

exenpl ary of an enbodi nent of the present invention; '

, 02 | 6. d 15 e schemati ¢ _diagr of . a
10022 " 1SS, §F: 14Ane {5, BRpcier e, FRORTER pEahdlPpl e Girrtige of
FIG. opeiliastrating gtse bpeaition0fexdsinfaigodf nanterfbodiffertr 658 present

invention; [0023] FIG 16 is an expl oded perspective

inveRtioBy of an alternative cartridge, exenplary of an
enbodi nent of the present invention; [0024] FIG 17 is

bo m RArspestd ' Eddl r i .

002 DOFIGE 18825t ol Y floee U & 8R4 Aafle oo

exenmgilayrcfraroémbbdinzeritef tla¢ preseotinventige i | | ustrating its
operation, exenplary of an enbodi nent of the present

lvept Lo, . an 0026] FlI 19 is erspective view of, .
o241 2Pl i S bob e mpeiyeaiw ot Byt Fisdl Aartian bhBS cBrtrdge
of FIgl 46 nati ve cartridge. DETAI LED DESCRI PTI ON [ 0027]

Exenpl ary enbodi ments of the present invention utilize

%geumati c pressures to selectively transfer liquids =
[0029).t Bl 13 1ip-schrmaticadiagram af hisattrrnative cartridge illustrating its

. ) G edevi _ . to
operdck! e ity o e G o A B el efi ReeAISE RS oy

be sel ectively applied in individual chanbers above
[0026]he FE3ptR:is apersprdtisel view lof afitalterhativecbaserayitatsle for coupling

ith %n&g&goqfectqf. hrough a connecting conduit that is at

wi ﬁg rﬁ%%ﬂ%ﬂ wkﬁﬁsitioned above the liquid levels in

the chanbers for preventing unintended |iquid transfer

bet ween the chanbers. [0028] FIG 1 is a schematic

bl ock di agram showi ng a system 100 for processing

fluidic biological sanples, exenplary of an enbodi nent

of the present '



i nvention. [0029] System 100 includes station 102
whi ch can be a desktop station. Station 102 is
wa@ennazisetl to a conputer 104 and can recei ve aPCT/SG2008/000222
cartridge 106, as will be further detail ed bel ow
[0030] Station 102 al so includes an enbedded
controller 108, which communi cates with conputer 104,
ST AR B DESTRPPTHOR connecti on. Conputer 104 may be
a speci al | y designed conputer or a general-purpose
onput er | oaded with specially desi %ned program for 7
[002'610 nt E¥emplasy o@@nbafimaﬁntef ofibeeprasamt n@ertign Sitdizeopneumatic

presdf s 8RB AUAL oty YRS R 4 Wers i

a mn@urfﬂ.ndwﬂiewcre niTheucitanbéréca® coectdd Ao Eym@uﬂritﬁlB ;6@’t§through
collectively and individually referred to as
which, (Rngunaatic, fressutas man ey selgalivelyr aaplle,dom rlaqilv&s@# ¢hambers

above ]tﬂe r%%d?lt/etl|ﬁﬁidol5évgls Tﬁél %ﬂaﬁ%e‘?é’ W@%tekﬁnﬁe&%ﬁ%?&ugh a

ressur
connectlr[g cdrhtdmbthapaas atalyeabtepawﬂuilyx@osﬂoped’rabpvs dlbé I|qa|d levels in the

chaniibs fitcByE o RenuRd St ReTac sebipeRaBe shambery
befromabout 0.01 to about 50 mM/mn. In other '

[0028]"DORIGEAt S5 & h§cHdretid %IScWaQ%rﬁ“ §ﬁcﬁhlﬁ§t a Eb@tem 100 for
valves may be miniature el ectromagnetic val ves.

procmmﬂwdyc bielagical sampdes, Lexamplary phadiemleodiment of the present
mven?iBHl ications, different gas or fluid punps may be
I.n dlfferent enbodi nents, a punp 110 may be
repl aced with another pneumaticsource, which may be an
[00293xt eBystemyv @l intiudesstaticrul 82 svhicte ean be asdesktoplsmnont Hgtation
ui t abl e ppeumat i

102 B gisRCfhid 8 sdoitish 108 Sifh5PBd SsRTScA FAMoS Oty s will be

furtheryataidd pdiswoper ati on of punps 110 and val ve arrays
112 through valve array control board 114. Controller

108 .may i nclude a microcontroller unit such as a PIC
[003Q] Pr%@xianmm?e algoelin¢lydes epnpembedided c copiseitarol 10&,, which
comrﬁﬁni@at@%% ?'u?eé' fc&gint%rugﬁlr%gr f”r&&é %%?B%n?‘{é&%orbomputer

104 ﬁday \besa kibémarlye deggnedtoem;suieaop aegaTRiralepurpdss teapuldrbioaded
i ncl uge mni ature valves available from

W|th ?lmdl esign q{egr%?q;egorg the,gperatipg of system 100.

[0031] Station 102 also includes a plurality .of pumps 110A and 110B (also
collectively and individuelly referred to as pump 110), miniature valve arrays'112A
and 112B (also collectively and individually referred to as valve array or valve 112)
and a valve array control board 114. One of the pumps, such as pump 110A, is a
vacuum pump; another pump, such as pump 110B, is a pressure pump. The
pumps may be miniature pumps, such as syringe pumps or peristaltic pumps. In
some embodiments, the flow rate provided by the pumps may‘be from about 0.01
to about 5‘0 ml/min. In other embodiments, the flow rate may be different. The
valves may be miniature electromagnetic valves. The pumps may be air pumps.
However, in different epplications, different gas or fluid pumps .may"be used. In

different embodiments, a pump 110 may be replaced with another pneumatic



Col e-Parner(tm, or other comrercially avail able or
speci ally designed valves. [0034] Interface 116 may
WO pwbaeisea recept acl e/ coupling unit or base 30BCT/SG2008/000222
illustrated in FIGS. 2 and 3. Base 300 includes a base
portion 302 and a wall portion 304 shaped for -coupling
souree, twhiciamayi big@nlddernal vacduen opbrgsseuesburce oimdsorhe cases, the
case needl es SOg extend u war dly from and

atmOSAPSTEAEK RE 0 A3l @ 306 has an

internal conduit and is connect ed to a different val ve

2n t e riqy f [ | i
00327 | Capkolere 188 8vddiehind AL 19 iy oposion o

Dummémlaady/ab@r arrrayjagé1am’ough9/hbfmarray ool bpard 11d, Controller
exe of the i nvent

108 Tn@&f@?lugé %Hgaﬂ)c?%ﬁ rel %um sugh asa 85 &f ﬁ'g’r%%ammaglgqhtelligent

Comp@dy) dHidtotontralleresr prrbgfeﬁﬁmﬁﬁret IoRts coRtrbIft Sht 49An Omron
402," a m ddl e portion 404, and a bottom portion 406. .

prograpunabledegis sontreliey, ﬁﬁﬁ*eb@(esepar ate portions and the
m ddl e portion 404 is sandw ched between top and

[003:@8 \9%@9 r‘ltlhodg’é ?\fll e t?OaGB?% r}ﬁaflé‘frﬁgﬁggé 4488112 may

I'n any suitable
includmrmnaratuﬂeovabeanaxlra&labtdﬁ&oporsmcm Ua)puh)eh halvezdavailable from

Cole-PRYRERT) of 21} cRMMRARAWBAIFN Do IN Homiaries valtes.

may be convenient to renovably nount the top and

[0034]0t tipfBrRREt I1%Snﬁ tuhéiuabdal Pedéﬁédl@/&ouﬁ@r%%ﬁt"ﬁ&reba% 300
illustrated in 0, hol es

ilustrgtesl il EWGP o2 ge@& i rﬁ;aaehéommlum at bgee tportior (3037qndag wall

poﬂno?f%ﬂlp%ﬁed:eac‘f?rﬁ CBQB{?ngﬁQ/PLH %%8@85&%? f°‘| ngﬁfp%ra(gf gneumatlc

condyity, tim tms 488e maedls 308, mteraf upwakily from and rthﬁiu@htmrpomon
tic tape whi ch has an adhesive si de.

302. ?e R06 hasan (ndermialjeonduit aprd tSa?HM?&«}e%HR/é déffeg'fautevalve
in theI @I% a?l‘é i {f2 Wrtféﬁ%mhgoﬁﬁt]nd‘fﬁ ; \%‘_TI\'/:é 2 & needle

bot t o portion e general at eshaped
306. prow ded with bolt holes 408, pneunatic ports 410
sealed with breakabl e seals 411 (not shown but see

ouse], & DByl U b FRIS! 168D o

embodinent dfithe Présehtdvdritioh10 may be seal ed using the
adhesive tape. Alternatively, bottom portion 406

'[0036] As shown in FIGS. 4, 5 and 6, the cartridge body 400 is formed of three
portions, a top portion 402, a middle portion 404, and a bottom portion 406. The
‘three portions may be separate portions and the middle portion 404 is sandwiched
between top and bottom portions 402 and 406. The three portions 402, 404, 406
may be affixed together in any suitable manner. For example, the portions may be
bolted together using bolts and nuts (not shown) or glued together using an
adhesive. ' In some embodiments, it may be convenient to removably moun't the top
and bottom portions to the middle portion. For example, as illustrated in FIGS. 4 to

10, bolt holes 408 may be provided for securing the portions together.

[0037] As shown in FIG. 5, top portion 402 may be shaped as a flat plate with |

~ bolt holes 408. Alternatively, top portion 402 may be formed of a thin film or sheet
7



may al so be fornmed of a flat sheet such as a plastic
sheet with an adhesive side that faces mddle portion
waon/1Baeh port 410 is shaped to couple to a pPPELsGL008/000222
conduit, such as needl e 306, through seal 411 . [0039]
FIGS. 9 and 10 are top and bottom vi ews of the m ddl e

sucfPQé b r@g‘stﬁ%ﬁﬁb@/ﬁ&%é% %'lawy dé’lr%?lv%hgﬂé‘ Alf?lé%% %%QB@Q% side

of theI&& mey3raveld glee laysthon 44 8urfaeerd 418J ( al so
collectively and individually referred to as chanber

ro03fbi b ISk i PISS: i BaBofumatariy Yahiay 2 ineiaty plate-

shap%azﬁu@n&ﬂm vathd bbR2 horse dosbefbrﬂﬂ.lrhéhdqp@rtsg)ﬁo[ Q84felh with

Each top opening 420 is connected with a pneumatic _
breakablg sealod1t Kaehshowrphut sge EiGetd hbradwell 4i1Ri and fluid conduits or

ol R4 bt | §68 HAVIBY SRkl f SHAERRLYE e pppumate

port410 syl segedhaimrihedddhesivel tape o AN atRielyQ boﬁbhh?éﬂﬁ@n 406
respective port 410 (for easy view ng, only channe

may gsgnbgfamed pf g fat %'Eﬁﬁtédlchrﬁﬂiﬁcplgs%ah@t@'ﬂl@ﬁ adhesive side
that \%Ma%%%]r]g (#élﬂéé EI ﬁ%tnt 262 ORERY rf]' 440 it %5%8%{# t%%loﬁg%n@cég%gumatlc

condui t or annel
condud, da8thas aepélet30£ertb'r)3ugm$eah41akt ends initially
laterally and then upwardly towards a top connecting

003§ RS FIS o8 bl 3 308 Adarh i of 6 15Rsll ngrion 404
resp@cﬂmgct ad sxrfbwrelrh.démeZpéﬂ.bﬁm gefikks h%mﬁbmmﬁlrﬁbér%% 8A,
the bottom portion 406. Well 412

418%&1&6‘0@@%4@% 4d§ﬁd&1 8G9|41§Ha|4ﬂ§l angdot1 &ﬁlh(uadﬁm Qodle@hm%ly and
8 4

non 40 96 RO SRR k) oIS e 4, top opering

420 and e dottom ppehingl 222 r(lfmughsy tviewing, ORRNARYA4222Ban22G and

ar e | tion with one another through
420J, ppd A dﬁreﬁ?%%gaumﬁﬁéﬁ)z and- connecting conduit 428.
[0043] Wien the three portions are affixed together

[004G}JChEé§h Ybp Pbﬁlnbsﬂlﬂ% EBHrechdd Witha Bﬁe@rﬂaﬁé 'cBﬁdu@B? channel
or therno-diffusion bonlngmethecanne are tight

424, g\émfeaxtandswhaﬂydatﬁew and, thercdewinwaglly to a aespeativg pneumatlc
port liH' ﬁ’m BSHHHP ﬁdno'l tss\geﬁ'{éé @%&Fﬁ%@o&fw éﬁ]{\%(raﬁb\’\e@eﬂw is in

e correspo |ng p
commbmn‘am&n? with the respectlve port 410 (for easy viewing, only channels 424A

and 424J are labeled in FIG 9 and FIG. 10).

[0641] Each bottom opening 422A to 422H is connected with a liquid conduit or
channel 426 (labeled as 426A to 426H respectively),‘which extends initially laterally
and then upwardly towards a top connecting conduit 428 that extends along the top
surface of middle portion 404. Bottom openings 422| and 422J are connected to
well 412 through conduits or channels 414 and 416 in the bottom portion 406. Well
412 is connected with -a conduit or channel 430, which extends upwardly to

connecting conduit 428.



The contacting surfaces between portions 402 and 404,
and between portions 404 and 406, nay contain, or
wa@ombaeBsed t h, a sealing material. Well 412 whePCT/SGBN® 000222
by bottom surface of middle portion 404 forns anot her
fluid chanmber, which nay serve, for exanple, as a gene
[oo4e}t " AHUEOBhATBEREA8 affe idch |hefuﬂﬂ Sdamaﬁ:ctatiéﬁ Wéth a respective
| ow. The chanber forned by wel is not connected
port d41|0e81rpygh dtsatopnenemingc42brand aa;eu ln fllsd rmmmgwgt;am vath one

ool T AL SoGE B e P RGEpBU 88, .,

400 initially defines a closed fluid network therein.

[0043pp avicerntridineed pottionssardQifixetDtbgstiesr idh a@@lnthQﬁﬂ?shﬂfd nuts
define chapbers 418 and top connecti ng conduit

or \thﬁe?@ rRehese aR?pOéﬁBﬁrm@fsiD fBisioih hending, 4the gfa@neﬂﬁ are tightly

seafh hd GATEURLATAEINSI, EPRISTYIITESHRNG Apdidh boteen e

chanslersiandckativeenvthe Iu:omespandmg grairsiofqrgduncationearts angd chambers.

The g3R6N0 395acs beasicretiBne 408 arich 804 et Pabigen pottions 404
and ﬂdB %ﬁ?tcohf’d?n,p@rr Eb&Bd 4/9@1 é‘§eél|r|dJﬁ1ta'téﬁél d wa| T4|12 when covered

lgureS. In different enbodi nment’s, connecting conduit
by bﬂtl@“nﬁy'fa@@ elomiddle pedtion 404 rfoons lapathert fid ahamber, which may

p ut it sh be at eve ov . the
serv PN Splé a8 4 dener SRBSoB cfdmBen i B Bispiisged further
belowr €T heﬁtmmbéﬂ&ﬁhﬁd} E)h meﬁﬁﬁtﬁ%dm@md%étly%&a pReumatic
prevent unintended transfer or mxing of the l'iqu

i ds
port, @@rft 5 Mt decassHY te iWigngforas cargbe MNGEE0eth BY PeRsRNS: wgad in the
art. conduit 428. As can be appreciated, the allowable
" highest liquid level in the chanbers 428 is dependent
on the level of the highest section of the connecting
[0044bndAstcands: arﬁpte;:jatadhc@mgecbcndméonngltlaWdaﬁmesﬂfaa:lo{sqm fluid

netwbfk, e T 2 mstle oTing 42 #08 Wieh ALSGH Jagset define
chamtsdrs netg 8R4 &b Acdﬁ?@'ﬁfﬂﬁ@ cbhBuited28) #YsreBeBIRS. alTiop openlngs of

el ongat ed cyl | ndrl cal shape and a sl oped bottom and

chanhgfs AdBeate Ve flidc apMynudeatiam witbpcerresandingnpps t4 1 Sottom
open E’ﬂijofl&'ﬁan( Qﬁtst b ihfly Eérﬁ{n‘?ﬁuéﬁ%loﬁl\ﬁ}h &i%gnﬂg’ggr through

eren enbo
connbetmg eomdtﬁh‘masnt cross-sectional shape and may be
' | onger or shorter.

[0045] Top openings 420 and connecting conduit 428 may be positioned at the
same level, adjacent top portion 402, as illustrated in the figures. In different
-embodiments, connecting conduit 428 may be positioned higher or lower than top
openings 420 but it should be at a level above the highest bottom opening 422 of
the chambers 418 that are interconnected through connecting conduit 428 to
prevent unintended transfer or mixing of the liquids contained in the chambers 418
through the connecting conduit 428. As can be appfeciated, the allowable highest
liquid Ievel in the chambers 428 is dependent on the level of the highest section of
the connecting conduit 428. Thus, a higher connecting conduit 428 (up to the top
of the chambers) may be advantageous as it can allow more effective utilization of

the chamber volume.



[0047] Cartridge body 400 or its portions may be

formed using any suitable nmaterial. For exanple, each
w@erwilziedray be formed from a pol yneric nateri BET/S62008/000222

as pol ycarbonate, poly(nethyl nethacrylate) (PMVA), or

the like. Top portion 402 may be forned of a thin

[00467eal ANthaiet 4R mayHav@Sa @eﬁle?aﬂfy' éloﬁ@éi@& d’VIlth@éI shape and a
W t hout an adhesi vé surfacCe. Seals f or ned :

slopegibatigmsand msyeexdend vedicatiy bewerstoptamtb@ttqmamms 402 and

406 (35 08 A FIET TGOl AR s bR Flamoers

418 rhay Bavea ditfsrent bfoes%edlaﬁéi@haﬁbeamﬂhy%qoﬁgér &€shorter.
formed using traditional machining techniques, such as

m crqi njection nmol di ng. and conputerized nunerically
[0047]ont Caitridge (hody) 40Q@fi its Rertiasls aynbe frEBed cUsing eafty 'éwtable

mato 15 o e L AP R B e

such aspatycarbehstienpylytmethlybmetthaylats) § PMMAR brthenikde Si dpembrtlon

402 e RE P Ea0 o 8 S RePUn G At BRS SRR It e ih o without
an adfsWEsuABES! 'Saéalfﬁqlﬁ may B f&ﬁe&PoﬂBH fs‘éut'aBPe §§élfn@cﬁlatenal

properties. [0050] The sIzes nens ons of
such @sra plagiic fdaoﬂmﬁd:anriee |cnmeemaht|y: heakissr with 1Be ridagiles 306. The

plastf AR LAY pE BBV NeyP an BTV e SHABRE: the "

sanpl e anount is typically small thus the fluidic’

- [0048] harhies Hoapddeh ane be fmmehausingl mmmsmahtrhﬁg Qédlﬁ’ques
of mcro-neters. \Wen the di nensions are too
such @s, Mjerainieetion moldinguaed wasumkterized murenicallyt @ontrolfed (cNC)

_macherﬁé‘Sf)lehsﬁ@hlasﬁﬁqm@gﬁ%ﬁ 5IHh‘|‘ dSie &htﬂeeuﬂpggs\r/t\pwrw persons

'di mensico enough to
skilled irf thecarbnt transfer rate of the f|UIdS under pneumatic
pressures In typical applications the fluid channels

0043”3 TR PS8R TEMalEY S HTERTRARS, AR HESnaR%5eY B8 b o
sterilized fwisdredesited UsreRedddd. PiRr §GHmE @eséshetheahterﬁal 8rfaces of the
desired process or treatnment. Each chanber 418 or

chamBefe anfl| ehannait iy §enﬁ93tﬁdv‘é'ﬂa ansthefepelymarematerial ssch as
Teﬂor'}- cﬁ}gfth%ﬁ[]rfggeé einléél liter.[0051] The particul ar
apes

e ope channel s, conduits, and ports

[0050] i The sizes or dimensions of the cartridge 400 and the internal chambers
418, fluid conduits/channels, or openings may vary depending on the applieation.
For biological applications, fhe sampie amount is typically small, thus the fluidic
chambers and channels may have dimensions on the order of micro-meters. When
the dimensions are too large, it may be difficult to use pneumatic pressures to
transfer small amounts of fluids. On the other hand, the dimensions should be
large enough to allow sufficient transfer rate of the fluids under pneumatic |
~pressures. In .typical applications, the fluid channels and openings may have
dimensions in the range of about 0.2 mm to about 1 mm. The chambers should
have sufficient volumes for performing the particular desired process or treatment.
Each chamber 418 or other fluid chambers may have a volume on the order of 1

micro liter to 100 milliliter.
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very in different enbodi nents and dependi ng on the
application. [0052] In use, one or nore chanbers 418
worenobes3séi | | ed, such as being pre | oaded, w t hP@I/SG2008/000222
liquid. The Iiquid may be a sanple, a buffer, or a
reagent liquid, or any other desired liquid. A chanber

[0059RY FhePhctiseshdfesrane oBernggu&E?rﬁé‘H‘ c%ﬁdﬁﬁ% ri Efbrts may

target genes, or to store wast ent ¢ ers
verymelfﬁeegnttmnbcmlmeanls gnd dependingtom thefapptieationt | ui ds.
[ 0053] The fluids may be | oaded before covering t he

1005265 by Bnf o s faBRiarace 1 fyel e, B, Bh; & being ore-

loaded,twighadiquit! Thbi lkest kaynbsldl Qarﬁﬁret adBUffEP ot 8 réé?érﬁ liquid, or

and seal the exposed openings at e top of md

any giber depired iauidd A shgmbesmpay ééa@a@e used o starsi shRradiet such as

r p er
pur A SRRSPOF 475108 8RB ERI N BRRIE 418 gy pe il
loadedaithealiffdrentfhgbdsa port 410 before the port 410 is
seal ed. However, in many applications, loading from

top ortl n 402 renoved e nor )
10053}, 6B Hids' B8 e Jeaddd befors: eavarinorin tan S“W%éﬁ of middle
r [ 0 ; i
porh@ﬁ‘ 46(;1r @4@?&%e ?gfeﬁéj’g da‘?igibgstﬁe %@@j needl E(s)&%%%‘mz ls_
aﬁaOWBd (&mdvafﬂxecbtaa middle mostierh 404 do @M%arxﬁlseal thawexposed openings

bl sh fluid mmupi, cati on ,hetween corr ondi n .
at tnE3PBRY' AHE rbcti 4B TR\ B Blhu PR, o6 BB Ao Buring
translp@ftbﬁorﬂb@ op@ﬁéﬂbﬂi t | é3rheadrdbbaiPn&Hts N TR Ay bé Wﬁéﬂy loaded

The valves in valve arrays 112A and 112B areé each

into %6%@@%@@@9%6@9&%&%% rééhe ped|4d 03 sealed. ddeweyrrs sumany
appln&é’tloZﬁéEi@%%KS orhe9+é| %&i i@tH;l}%ﬁ 3)06#6 ect‘fog F&ﬂ&é&% be more

convanieat/s 112A and 1128 for selectively applying a
positive or negative pressure to the ports 310 through

0054 085 ke RGBSR o RGBS A bR €442 00,
sealsom at pofis @10nHED belddleaidly BIOIRS Byl Rebdles B0BONAAIWIl pierce

pressured air (positive pressure) or vacuum
througﬁeg%.e

veeqls edkllls e)they establishmg,  fwidougmmenisiagion  between
corresponding valves in valve array 112 and chambers 418, through ports 410,

conduits 424 and top openings 420.

[0055] The valves in valve arrays 112A and 112B are each connected to a
corresponding needle 306 and configured to selectively regulate a fluid flow
through that needle 306. The pumps 110 are connected to the valve arrays 112A
and 112B for selectively applying a positive or negative pressure to the ports 310

through values 112.

[0056] Computer 104 controls the operation of controller 108, which in turn
‘controls the operation of pumps 110 and valves 112 to selectively apply pressured
air (positive pressure) or vacuum (negative pressure) to ports 410, through needles
306. .Depending on whether a positive or a negative pressure is applied at a port
410, a fluid may be selectively transf_erred to or from the corresponding chamber

11



306. Dependi ng on whether a positive or a negative
pressure is applied at a port 410, a fluid may be
waedoeariseel y transferred to or fromthe corresponsirngs/ 000222
chanber418. 1If no change is needed for a particular
chanber, the port for that chanber may remain cl osed,

418.slUfcho afhahge ds ordededtfBe acpartiesine @ﬁaﬁmerathee CEEOI& G8hHat kamber
exanple, to perforl;n)ééene extraction

may reprihelpsed stkhias Belesingihe C@HﬁﬁW'M@@Qﬂeb’enay be
| oaded with fl UI ds as illustrated in FIG 12, vvh| ch

loos?rgd FB E:L\et;(l% Lﬂrﬁf fro car'f1I %J‘é’lreﬁ%%a}ggﬁo%\dﬁﬁh at erase chain

reactidre) cadrigge 4801raay ber badedtWIHﬁfluﬂsFéﬁllukﬂam Inha a1a which
for thi further the

t d t ul t 0
scheRTAiCHll ShaNE AeimIBERIGas Wih Pamermodsielions B eaTidge 400.
One %lﬁéét%ndf%"‘tha?rs%n?é)@ﬂs&tb%ps bie %?r‘itgéﬂtlhrﬂ ?rthégsare not

hr ough gene extracti on chanber 4 not rect
usedl—imwémr pamhelaopeeeatlomh fntlueretther bottam. ﬂmﬂﬁremodrﬁgatlon is that

418 418F
‘ottop dHpiiRop A24E S g e koblerieg termperEi $hanbes 328 Through
gen&éﬁ%ctﬁﬂa&ﬁxanﬁlﬂ@rﬁﬁ %dtQﬁF&éﬂyW' H&Né@é’@ |tﬁe dp)éﬁét%nbﬁrfdccéﬂure for-

condi ti oner, wash ffer, and el ute buf

transfersipa cliquids taetwe@bmammr&m@ﬁ ite 4:{laq:|"o§ﬁfleb|e ithevggme despite

esd i 955, A BT oBAAHES AeFEOHHE, RO5 tonoc

with mgre dsi¢ bafferc azonditivael) washoleufésr, landaellﬁﬂetbtﬁffeﬁnrébp@ctlvely A
hi gh iron concentration. The genes may i ncl ude DNA
ol

StPr e rdenasiteday gvell AR ( Aihso9gpreBEtractpr)may include a
magiiE? ectéeggjs%ase o%a mENbraRBE sMXh MBEddY on‘T%}ﬂotPt%r material that

e particul ar genes t
can aftachade gdneChianddiuid Al aahigh4ird® armentratiors.edTHergenes may

inolud o BV o S0 RO Dbteis onelf o ST Fbgfitin Getfnedr mRNA

(MesgesgerdRNAON The elSEﬁfﬁct%'r Srﬁa%eorsélle@f&esaséu Qihetﬁéf Partlcular
- nore chanbers. OOSS% n sone cases, adjustnent of
ar

genegetﬁeb%.mra%e%orfah@m sr§8band 1B ean traeuseds fasrsforing the
orod 8205t v RS Y BEIAINEA Y UL Soddlond FiSoectivey

DNA oaiRNA dggrazldtiondeagentandy tisortse pieldsddd inorener more chambers.
enbodi ment, to perform sanple Iysing, the valves 112

orr espondl n copdui ts, 424D, 424E, 424F are ose
[oosé [pasome; eﬁorﬂﬁ’i‘t’ﬁ td% Eiﬁjuﬁqn%ﬂ@d'ﬂg S {'%o‘“éy be
requIREESTHE baffersIRaded G s cRambbs rﬁHWhél@@e buffers for gene binding
(such as pure or 70% etha'nol) based on the target gene binding conditions. '

[0059] In one embodiment, to .perfform sample lysing, the valves 112
corresponding to conduits 424D, 424E, 424F aré closed. The valve 112B
connected to conduit 424B is oben and a pressurized gas such as air is supplied
thereto, thus creating a positive pressure inside chamber 418B. The valve 112A
connected to conduit 424C is opeh and a vacuum pressure 'istap_plied thereto, thus
creating a negative pressure above the liquid in chamber 418C. The pressure
differential thus drives sample liquid from chamber 418B to chamber 418C. Gas
bubbles may also be created inside chamber 418C, facilitate mixing of the san"tple‘

with the lysis buffer, after the sample liquid is completely transferred to chamber
12 .



thereto, thus creating a positive pressure inside

chanber 418B. The val ve 112A connected to conduit 424C
WO 2000pz3s6-and a vacuum pressure i s applied therB€DSG2008/800222

creating a negative pressure above the liquid in

chanmber 4 18C. The pressure differential thus. drives

418(%umeesém rfughlagftﬁgée frgg{ée d\ﬁﬂrﬁﬁm%gsﬂgsﬂi‘?&( thé%lﬁé |yse the

samplaa@nd togiretett fengernds from degradation.t h the |ysis buffer,
after the sanple Ilqw dis conpletely transferred to

1006 2 RO R proERH AR 4 e Bamde kot Smbio chamber
418D°'8t ﬁﬁk Wie 8RN®ding eHRticHER! iRk 5{09@&949 /fhé'ﬁrhaks gene

procedure may be used to transfer the |ysed sanple
conddieamber 4 18D to mi'x with the binding conditioner,
thus adjusting the sanple's gene condition. [0061] The

006" Sobe JRFHERE Sy, 1y e PSRNEA A, by or
through8bne dgp@oHs rdij chanilisrs 8E cindad18Mpdessrnding drs thi Iparticular
be understood by those skilled in the art. [0062] Wen.

appligafifiees &V"béﬁ(ﬂ'é‘dﬁfséo%%tﬁeﬁi@'%’e'ﬁé @@t actor for gene

extraction, the lysed sanple nay be m xed with the

[006FPINRAiHeh qﬁggﬁeﬁ(ﬁ H@ddh ‘éﬂ'g H§ &‘ga§ fhleMded @xﬂ%@% é‘ gene

- W thout fir gol ng throug e ot her anbers
extracGhiore, et lysedisamplaymay dre tmxeprbmﬁthrﬂnedmuagnahd:lbeaﬁs ini well 412

usind ARl bEROGE. BRRuGIS!SaRo HRLSh e hey BTN e

sanple will be attached to t he gene extractor. The

[0063]eMaGehBEAtiagtibA may al® bé preoenee dn welcht2iath t4=ﬂe8|dreaﬁeated
[0064] Cene purification may be perforned m} ¢ ¢
g targe

sampls JHE} RRSIRG R TETOARR ST GMAaT YD AR S AMor AR,
geneéjng th&&nie will e g&?&{eod{itﬁggﬁe teYaEtoP! i IE(Ianéammg liquid

, ffers nmay be use genes In nu
may be dnassfdrfedial chgmhieendddl daifvastes are used, two or nore
chanbers may be all ocated to store vvash buffers. In

ne gnbodi wash buf f n&fer fro
rooe4}2 GERS P RECE ol Akt PefiBThey Ky G oIEng e vastibuter from
charbRnd24E tdiell 412, G waSRbuler bﬁ&ﬁéréi‘lti‘:ﬂb‘@é 8F#abh Biiffers may

- chanber 418J if the cartridge is to be recycled, or

be usgdsteonash ihe genefeincauitipleisteps. If multiple wash buffers are used, two
or more chambers may be allocated to store wash buffers. In one embodiment,

wash buffer may be transferred from chamber 418E to chamber 418J, through well
412 and conduit 414. The waste may be later discharged from chamber 418J if the
cartridge is to be recycled, or disposed with the cartridge.

[0065] Gene elution may be performed by transferring the elution buffer from
chamber 418F to chamber 418! through well 412 and conduit 416. The elution
buffer will release the genes attached to the gene extractor and carries the genes
to chamber 418F. The target genes collected in chamber 4181 may be withdrawn
using pipette or syringe for downstream applications, such as gene amplification
and detection. Extracted genes or other reaction products may be transferred to a

detection chamber (not shown) for detection of. certain signals or target. The

13



[ 0065] Gene elution may be perfornmed by transferring
the elution buffer from chanber 418F to chanber 4181
wo oooagdsesvel | 412 and conduit 416. The el uti onP@LsGEEN8/000222

will release the genes attached to the gene extractor
and carries the genes to chanber 418F. The target
deteEtRMCEhAbraREF e ProvidRabhifl BHridy r éHJm an

pi pette or syringe for downstream app |cat
exteragl deviee gbishbwohwhioh catdreteivectheanategiat inamtaaaitnglgaeﬁe
or other reaction products nmay be transferred to a

1006¢f", e peFARILE! “eRRuEbeletR @ HEPeMEpDine Shafivdrs is

furthé musﬁ@t@detthl & siaplifflddd 8€hdrhati® 'diagranP of nh@\daﬂﬁage NskwN in
ext ernal device_(not shown) which can receive the

FIGSyet314arndr b¥n ot simpisity,1 enly| huee] chrmebespearat shawmfin these

I ers j .
reur S bBE, SRl 0 TP, bl SRS, BRETRE Gheldied in o
smulahragnmn of the cartridge shown in FIGS. 13, 14 and 15.
For sinplicity, only three chanbers are shown |n t hese

igures,but jt oyl.d . be understood that m)re
10067,y AR SRR ATSn 13, 4 i KSRl 2PRIGRET]. SR b aambers
418N mfé@ add 418C a8 RHEIRARH Ya ARRAd %*apegt mﬁh 4328 or, 432C
: nbers 4 18A 418B and 4 18C ls fil W t I qui d

respecélagle'ntpat@mOM,SMBB)andQZQCraTSmeaIIWeeqledPorts 410A, .
410B and 410C are initially sealed. [0068] As shown in

ousd] S nghf 8 9, A SSBPRE AR RACAP as20 i

chanas 4180; ha g sitivel g&s t(uging ainrughdsttieNYaspsasks W afBiert gas
cge ?\Fgl ied at port 410A and a vacuum pressure may be
inclugipg N2 are&@ummayzbﬁ)@plm atpashd104A pod %@cwraressure may be
S i
appiicy B8 SO Mo pbIORI0H) half EETERSEd R B oo the
correbpanding pkei T12. 4P\ pneomatic tpressure vdll idrivé 28agerd 43@A 'dmrough

bottof §PAT 208, LoRraras Shrtut rn B pehGATERLSIRG FbC o
chamblep18C. 4 ¥Bhs, FaRydrits UBRAPARH 1432T REASSE! bRowYH: hte contact or

chanmber 418B, rea% ent 432A is prevented from fl owi ng
mixeq e chambareA18€8BDurnéo thageositiven pcmerwmnaahamberoﬂ 8B,

reage‘?ﬂnﬂﬂ 95y, ré(/gquefréﬁp é‘l?}: |@3ﬁ8ﬁr§h§%@g& 4,;1&% T@é reagent in

chambead$8&cande completely transferred to chamber 418C.

[0069] As shown in FIG. 15, reagent 432A may be completely transferred to
chamber 418C, while reagent 432B remains in chamber 418B.

[0070] Because the connecting conduit 428 is above the liquid level in the
chambers, and the pneumatic pressure is applied through the top opening, air can
bubble through the liquids without drivihg the liquid out of the cartridge thrbugh the
pneumatic ports. Conveniently, the air bubbles can be used to mix the reagents in

the chambers such as in chamber 41 8C as shown in FIG. 15.

[0071] Conveniently, fluid transfer, mixing and processing may be effected:
without using any internal valves, pumps or other fluid regulating devices in the

cartridge. The fluid transfer may be effected entirely by selectively applying
14 ‘ ' '



chanber 418C, while reagent 432B remains in chanber

418B. [0070] Because the connecting conduit 428 is
wa@bwva23ske |iquid | evel in the chanbers, and tPer/SG2008/000222

pneumatic pressure is applied through the top opening,

air can bubbl e through the |iquids-wthout driving the

pnednhatw Pressured to iifferent porige trhrsogﬂfbésbemlageb@&iut@mated using
orts. Conveni entI the air bubbles can be used

compiter (14 ard geptrel ler1Q8he To Hhame emhadiments. ithe Ghamhars may be
mterc?1 s08 1ty ﬁhg g L9 bd GQZQferQBWg 'ﬁv g%(le feliUiimber to
ransrtrer, m Xing an e e ec e%

cessin
anothert $elattedsshagnizery or n’(aa,f haltra‘nafe\nm s@qumﬁlaﬂy froinhehe to another
fluid re Hgagl n devices in the cartridge. The fluid

throygh.g, setie HBOYBfected entirely by selectively
appl yi ngpneumati c pressures to different ports. This

[0072] OCA§SC§I‘?Yoé’%n@HF’§T8@J efhél%'xﬁ M%rﬁfdé’é&“déggnbed h)?reln is

controller I'n some enbodi he” chanbers
sumplﬁemu mratwhn@andobambe macde ahrelativedy rrm)(pbeswebmsSmce dblere is
ect ed

ha
no mgh 8], B8hks T ik i dals MOS e APl Ging e tic 58y 3 fepgents
can rbh’famﬁlhaa:léﬁd Sistérh &J?ﬁf@l%l’fspoi'l@ﬂaﬂlanﬂse\f‘e@m@ﬁ\%ope(atlon, the

~understood, the exenplary cartridges described herein
risk qf sogtarmingtion ixggaificaptly sHlusad. can be made at
relatively inexpensively. Since there is no noving

[007:5’]ar t ‘i’hé 'Eagtnagé hdiIS9Be 'cbnbémgﬁfl% céﬁﬂ(‘élﬁgb %ndséc{ééﬁe& RSt use in |

ents can re
dlfferéut mmaht:ahmmomtht ddferant] reaterialdur i Embmhmehtsamf tHee present

t t tly reduced.

inveriioD ‘et pfsPae coRrenpany FuStted Ml Rbr SRrGn Ul dhc gene
amplﬂi@éﬁéﬁﬁnft%fr alfhe dbt@bfér?ﬁﬁﬁ‘t applications, with
ferent materials. Enbodi nents of the present

: | nventl on can al so be convenient| ¥ integrated with
[0074) heln sgratbrt embRdiment. gearridgep| 116 camanhare t apr affernative

consﬂﬁ@tﬁ)rp %@ﬁ f Ha\HHb céﬁﬁcr?g@apba)( g hﬁlcstrgfglfr | FIGS; 16, 17 and

ave a |ve con
18. Isma’urtrmigerbtxdmm pw&ssrdxg&:ﬁmmberé%d ¢Hanmels ateeﬂrdvided within

midsy G0 40 oKL baiamapralives 402 &nd 08 miay b formed of fat
sheef§' Mhehdp‘f’l'iﬂd Eﬁaﬁfgaﬁ or a—%ﬁtlé’g‘d The! AT E'rﬁgf Ifb&% aRBdihesive

may be f t sheets w t
Surfacﬁ,aams may be zﬁﬁmmedaef palymefritapess hébe somdyithand channel features
may Bg e%‘ctlrélly provided within the middle portion. The pneumatic ports 410’ are
also provided within middle portion 404’ and are sealed by bottom portion 406’.

~Thus, bottom portion 406’ serves as a seal in this embodiment.

[0075] Cartridge body 404’ may define three or more chambers, which are used
to initially receive a sample, a wash buffers and an elute buffer, respectively; a
gene extractor chamber 412’; and two chambers for storing extracted and purified
genes and wastes respectively during operation, as illustrated in FIGS. 16, 17 and
18. The chamber may be formed of through holes in middle portion 404’.

[0076] As better shdwn in FIGS. 16 and 18, the chambers in the alternative

cartridge 400’ may include a gene extractor chamber 412’ and a waste chamber
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surface, and may be forned of polyner tapes. The

conduits and channel features may be entirely provided
wowrdobiizesthe m ddl e portion. The pneumati c port BCEH36G2008/000222

are al so provided within mddle portion 404" and are

seal ed by bottom portion 406'. Thus, bottom portion

© 418'40Phe %@Hé?l%ngscﬁ’hn?@é}]s $Hb g@lﬁ”rﬁa)‘?{%"@"séﬁrﬁs réz%gﬁ]c ambers for

Cartridge body 404" may i ne ree or nore cha
receivingcsaraples aut otherireagent flyids arcthecexrastetbigenes. v»ﬁs:hfference

vetwgl 1 Saftiiardh e 40 400" et kB HRiMAR 1% 9BrBE B mpste and

the REdlACSEAN catfiddd 2900@BEsotEREVeVasShESorh EsRahh g7\b@t Mtheir top
during operation, as illustrated in FIGS. 16,

openirgs aeecemanted tm@satfbéhe PNEBMASE natisoanth thelexyraction chamber

ar2[ A SaROBL: Sl pubdRyCbt RBnBELAR, BROURs e G, cirecty
connééidd tmythemtd)pld@pem@x%n@f @dnba‘éb(ﬁ'éc’@ﬁaﬁﬁ@ﬁbéﬂ?hmnﬁ\ a radial
wast e chanber 418’ e_remai ni ng chanbers shown nmay be

arrangegmenks Whigheate clegraelively ofonnestsd;i i9g thanpthes ggaespondmg
charfihe! THRAGRRE aliotis Chnkhen S 35 BB BRAFS opfrings, sigjier to

those descritseth absvé avitts regamgta bedyadile arsdartrdveggn admmid chamber
,genes in cartridge 400' do not have a bottom opening

MN2.h4t their top openings are connected to both the
pneumatic ports and the extraction chanber 412'. As

[00772an R¢ iRRGAted dXtraCIri dnan%eﬁmqstlbéaee%dhetc%nfé%f middle
are dlrectly connected to the top openlg gene
glﬁ”ﬂyﬁ

portios494idn dhe @ﬁaﬁméhat@mer fluid ghamhess, exoep ste oirarober, are

Iocat@chr u%%p&ﬁm f Oﬁnﬁéﬁgxﬁ'&téﬁﬁgﬁ \R@IC ?ﬁ%ﬁ%ﬁé&gdddﬂgshape

ers er C ers

may e placed e eing bgﬁomldﬁdxaecm chaaterddatri bed above with
regard to body 400, are arranged around chamber 412

77] .As illustrate extract,or cha
07810 B RGBS it S Sk S may e ranstered
undeﬁﬁﬁ‘é@néﬁé‘br@éé“u?é tblgéirfe StHHI6T &aarﬁﬁéﬁﬁZ’ttHR)dﬁ%ﬁannels 428°.
are | ocated around chanmber 41
A precipadad edutedsufferunay alseabe hransferredito geaep @xtraatpr l@@amber 412’

' m of extractor chanber 412'. [0078]
to e'“%?%ﬁ‘gs gée%%gwg?{‘%gded sanpl e and washing buffers may
be transferred, under pneunmatic pressure, to gene
[0079]xt rFEartcmupting th eartddge body 4001 tied eveplacid Base of the pneumatic
interface 116 may be modified as shown in FIG. 19, so that modified base 300’ can
be properly coupled to the alternative cartridge 400’ and the needles 306’ are
arranged to match the locations of the pneumatic ports 410’ on the cartridge 400°.
Needles 306’ can thus pass through bottom porﬁon 406’ (acting as a seal) and
- communicate with pneumatic ports 410’ when cartridge 400’ is coupled to base

300’

[0080] In use, the alternative cartridge 400’ may be operated in a similar manner

as described above with regard to cartridge body 400.

[0081] As can be understood, it is not necessary that the cartridge in an
embodiment of the present invention to be provided with an internal integrated
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A pre-loaded elute buffer may also be transferred to
gene extractor chanber 412' to elute genes via channel
W@ 289/12356079] For coupling to cartridge body 4P01/SG2008000222
receptacl e base of the pneumatic interface 116 may be '
nodi fied as showmn in FIG 19, so that nodified base
dete@0n'orendelestipn wirddwy. dostphddtheccartridlgel may rixet caupled to another

. - 6. dt
o 3 88 <EBReROihl Dl s icc R P RT3 oo bocy
of theé dartfidgtomadBe mabtieestlamafifal tatlis Ehitshl® asrsude W ee particular
bottom portion 406" (acting as a seal) and communi cate

detectionh mstbedetol bepused. 4For akemplear the dgdy4omy be made of a

varsGT e Pab e s LBk Pl & LR 5.2 -

magrestieanatesidl when @ magheticpibe i o barusetddge body 400.
[0081] As can be understood, it is not necessary that

the cartrid in an enbodi ment of the present
[00821nve/§%.Qﬁscwge%@bﬁvm%ahwvﬂwnawe. ﬁﬁ@?ﬁalt is. not necessary that

ever}} Eﬁgrgubéff ‘?rqgﬁé %%H% elk &)rﬁ’\%gféif kP é‘Lﬂﬂﬁ’tlc td?)?%eaﬁine top and

he cartridge may g8 coupled to ano ani
bottonnmpaﬂmsdeifeat chambed malyelbedeemetotwelydemnnested Fto different

the body of the cartridge may be made of
°°”"%&m@ﬁr§ﬁefst¢fa@ﬂ uitable for use with the
particul ar detection nmethod-to be used. For exanple,

[0083]he AgdlasEmowREINFICE 1A 12 th M3NaRAMS) thd B af adHRimzET may
optical detection method is to be- used, or a non

have r?aeﬁﬁemcsmca that isystapes dewnwardy ﬁowa@s the bomnmmg of
the ciﬁn%@nﬁé% Ahe oo gﬁﬁa?‘?ev rg@ ei%gé(e@ etglg oguéﬁ h 8 | dloped

necessary ) cartrl
bottoims stioface c treay 1be adpartagebus aerthe Tllum tmpthiancbhlanmemm;an be

conviehty BAnOiE EHOHER o oo OBehIBg: i 1L he GUyGRigp Jorce.
In otﬁé‘? vﬁcf‘rﬁmhbrhe':a'dc‘voléﬂae lﬁ%hé%héﬁ}beﬁméi I tcetd|“k§‘1' Hﬁﬁﬁhg@d%nﬁsuch

may have a bottom surface t is slope
a Slomd/\mﬁmml thme\/anejbotthm Qmmmns;gmwrmgo bk Iotﬁed mmim@centre of

e BRI B TR, W FSREL Y, FHO LR o ey bo

relocétedi off cenfrée Ad{iEhs GR8 Blﬁtdhﬁ@‘p@ﬁlr@ﬁs' it tlﬂlet idNeatMevel in the
through the bottom opening due to the gravitational
champgrF agd the bottom surface is sloped downwardly towards it, the same benefit

. may be obtained.

[0084] Of course, modification to the system and cartridge described herein is
possible. For example, the cartridge body may have different constructions
depending on the particular application. The shapes and number of chambers may
vary. Each chamber may have more than one top or bottom openings. The top or
bottom openings may be moved to the side wall of_ the chamber as long as they
remain separated by a sufficient vertical distance to allow a suffi cient'amount of
liquid to be recelved without losing liquid, or allow all liquid in the chamber be

withdrawn through the bottom opening by applying pneumatic pressure.

[0085] As now can be understood, it is not necessary that the body of cartridge

106-is formed of three separate portions or layers. The cartridge may be formed
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In other words, the dead volune in the chanber is
reduced or mnimzed with such a sloped bottom Wile

w0 b@obzdssdm openi ng is shown to be | ocated at PEESG2008/000222
centre of the chanber in the figures, this is. not
necessary. The bottom opening may be rel ocated off

from @esihgle.bidsk bomaterials. hEohetén nayredicoasiractisn tlag Beoysslenient
level in the chanber and the bottom surface is sl oped

for mapuiARE13nc RiRelPacing©f theBuidsine benefit may be
obtai ned. [0084] O course, nodification to the system

[008@OI & hot r‘?&%s@ﬁ% b&?tﬁh&tld ﬁg@%ﬁzpﬁr@ Iod:a?éd at the bottom

l'e, the cart r|
portlmvofsmemartrtdm hzmbem n@'herpdﬂsempartie m&imne;bplsewhlereasuch as

The sha and er,o hanbers may vary. Each
atthe, ﬁﬁﬁ'ﬁ%@g*ﬁ%@%m one top or bottom openi ngs.
~ The top or bottom openi ngs may be noved to the side

[0087}a| | Tieéd té@%o‘ﬁ"tﬂ'ﬁ'ﬂeiz e 58418 A8, Idrarel BIRIM poriicH abed may be
a sufficient vertical distance to allow a

remoyabiemdermplmblﬂ sthat thpicartidger 06 ey e gonyeniently re-used.
losing liquid, or allowall liquidin the chamber be

ith t :
ousd YA 50U "Enfihd PR 1 Wi AdEh Moy ateren
chamblers.s Tooisolate ¢he alqsdldshatdlffélterio@dmrmfers ait tmy teesufficientsthat at

- forned of thyee separate pqQrtjions or
least ayQTIpR G A) TN ETEN 42€ It & 19yicb akoise e highest liuid

level RS bﬁéﬁbe@%ﬂ Bhat ér@yﬁ‘fe‘?@orﬁ%&éd H‘Pr{)l.l ﬁ tﬁé‘ty?&ﬁ]%actmg conduit

conveni ent for manufacture and pre-| |ng
428.f| uids. [0086] It is not necessary that the pneumatic
ports 410 are |located at the bottom portion of the

oosdP 1§95 SRV bl a8 Fhs e S S ina M feen 102, For

examipis] YwHER .avialaibié) aﬁbe:dnﬁmes@éd izimsdPly drhsowreal may bk used to

or the bottom portion 406, may be rem)vable and
applyr;gbqlté\@eglmpéegsyr@ tafhe g@ﬂ@awl @@ga vqpéx)unbgource may also be
usedconveniently re-used. [0088] Miltiple connecting

conduits 428 may be provi ded between different

chanbers. To isolate the liquids in different

[009Q]hanibeths embodimests shbiwai imtthe hdtavdings, ethet cartiidgei H86 may
nctad] SFCEY FRMFRUCERFABEN o kel o Ry DL Ber o
chambet< b diffstehbidepehdingain e patiound gspliddtion 43 urther, it is
not neceésary that all the chambers are at the same level or that all chambers are
inter-connected. For example, a chamber may be positioned above or higher than
another chamber. It should be understood that the term “above” as used herein do
" not require that one chamber is direétly above another chamber. It is sufficient if
the bottom level of one chamber is at a higher level than the bottom level of the
other chamber. Further, it should be understood that the terms “higher” or “lower”
is used with the assumption that the cartridge body is placed in an upright position

with the top portion on top.

[0091] While needles 306 and seals 411 may be conveniently used in some
embodiments, particularly when the size of the ports are small, the pneumatic

conduits and the coupling between a pneumatic port 410 and a pneurhatic conduit
18



[0089] It is not necessary that the punp is provided

wWithin station 102. For exanple, when avail able, any
waeewpnesseed air supply or source may be used tPBCEPEL098/000222

positive air pressure to the ports. Any avail able

vacuum source may al so be used. [0090] In the

for s@l@@%lﬁﬁbb@m‘@@%ebﬂaﬁb%ré’é@% R b ng&%d |h'diﬂ&eﬁpﬁ1anners

includé six to eleven fluid ¢hanbers. In different
For emala;retathgr types mﬁnmuplnog afrangementsanaye bei fised gnt different

ng on the particular application. Further, it
emb&gﬁwglgé'necessary that all the chanbers are at the sane

| evel or that all chanbers are inter-connected. For

[0092)anty diffeperthambedinmeits, b2 diffsreht bags seltionehat ishc@iRictable to
t han anot her chanber. It shoul d be understood that the

the cagrigge 406vmay he used)faisalediivaly amlying®nqumatwa@reéﬁwes to the

. . b ) .

chanfte 235 thibudh' s 4167 148 38! o fRVIAEIdE a bss, ponfigured

- for cdnilpgimgrwitlemé catbrage bed%dﬂlogpgémagc obndlhlgs mr?lmated on the base
« nmber,,. Furt . it sho nderstood that th

for quéﬂ?ﬁg with BPS H% o Selgpive ylasE’pE’stBS RMetuﬁ‘theor%%‘Uﬁﬁtth'@th the

sealst 334, t e A4kl Qﬂa?oﬁoﬁiégr 2198 Al Wa%s“%%ﬁ;ﬂvﬁoqnected to a

position wit tion on top
- pneumatid| @md&ﬂ(sfoamelgtsleamg the ﬂuldrﬁwuhemhmelghe nAl gonhmdielr may be

.S0 enbadi.nent s rti a wh he size.of th
provif§f faP E0aRyTER| Sher R, RE i et oriha Enélific cohdlit may be
connéétedl ionBvd &/aRRN vehieh &EEIhi furk Yohnédéledattd hio RdifereRht iptessure

condU|tfor selectlvely appl ying a pneumatic pressure

devicegy ope far applying riirgt PRevmatic prestire andotheeqthepifer applying a
secorga eren ﬁs r% I‘u‘l‘r?fzpeqw&gﬁbg%gﬁ@gkgymmb&e%&% 's% that the

erent
different®dh Iﬂmpaeumadcfp‘resmms ba&eff&tem itortaubatfluid transfer between

b d. f
the GRARATS D1 §'e SAIPIRRG. prl BT <EUR GEVisess May {naiide pumps, a
press‘?ﬁé‘@%‘s sthdf atshbl%égl]réboéﬁfllﬁéoor a '\Facgﬁﬁ'ﬁllﬁélatTH@fu@bressure

i ncl ude a base configured for coupling wt
may barhlghergt@abouw atmosphesea randi thecsrododt pressunet mady de lower than

one AESphBm i Soieetibitenbonth pikssTB5EoY £E HighgF than one
atmobﬁh‘@eSt Pihé PUNTRY Rlysise isephriliély \rbviged QﬁQHté‘g@ét@GCWmﬁ theé base

: eumatic conduit for regulating the fluid flow
statlolnhe',l'@g APRligd. prgsgtgﬁ{srqnq the M@Jyesbénay be automatlcally or manually

controlled.

[0093] As now can be understood, the methods and apparatus described herein
‘can be used to transfer and process raw biological materials that contain genes
protein and reagents. After pre-treatment, the target genes or protein can be
extracted using the same apparatus. Different raw biological materials can be
processed using -embodiments described herein, which include blood, cultured
cells, serum, other types of body fluids, and the like. The target genes can be DNA,
RNA, mRNA, protein, or the like.

[0094] Exemplary embodiments described herein can be used in various
applications, including as part of a clinical or point-of-care disease diagnostics

system, for sample preparation in research or clinical use, in forensuc studies or
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provi ded for control the operation of the valves. Each
pneumatic conduit nay be connected to two val ves,
wokiogh2ms® in turn connected to two different PCES62008000222
devi ces, one for applying a first pneunmatic pressure
and the other for applying a second pneunmati c pressure
samnale}r?bcemmg‘ t hetf?]é rfield iedis@ades qmrmediuae,reseafr?h,ain tthe field of
ifference .in the pneumatic pressures is sufficient to
chemistry, 6 Pialgicl igReptan SN et MalReHIah SReBIRYYi TeSeaich. or in other
simil&@fdidd dge. The pressure devices may include punps, a
pressured gas (such as pressured air) line, or a
vacuum line. The first pressure nay be hi gher than one

[0093)k mo@phesrfeatunes t benafis and advardages ofithebembodimentsadescribed

nere 1t B BRABIE St d AEB.S RS SRl siodel TR e gBpton and
the deRARGE LY ltHoSY SKillSkE th e drfit egrated with the base

station. The applied pressures and the valves nay be
automatically or manually controlled. [0093] As now

[0096lan BE catiee.stedabevre drachbad ambosiipants: gse detendegedo be
nusBBUF SR BESSB G ThE R SRR g syscentie

el n an
to mareamedifisatidvig ef fopme arraagement of pass t datgits agd vederasf operation.

The Bv@hEo eihen 51 Plasgetalo RAFBMPARS AnRucth TG HEAKRWihin it

scop&Sad\@efiERos) tRNGIginskescri bed herein, which include
- blood, cultured cells, serum other types of body

fluids, and the like. The target genes can be DNA,
RNA, nmRNA, protein, or the like. [0094] Exenplary
enbodi nents descri bed herein can be used in various
applications, including as part of a clinical or

poi nt - of -care di sease di agnostics system for sanple
preparation in research or clinical use, in forensic
studi es orsanple processing, in the field of disease
or medical research, in the field of chemstry or

bi ol ogi cal research such as nol ecul ar chem stry
research, or in other simlar fields. [0095] O her
features, benefits and advantages of the enbodi nents
descri bed herein not expressly nentioned above can be
understood fromthis description and the draw ngs by
those skilled in the art.
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[0096] O course, the above described enbodi nents are
intended to be illustrative only and in no way
WO 209P1123565 The descri bed enbodi ments are suscepCT/BGz08/000222

many nodifications of form arrangenment of parts,

details and order of operation. The invention, rather,

is intended to enconpass all such nodification within.

WHAT $S S1MIRERS:def i ned by the clai ns. WHAT 1S CLAI MED
IS 1. Amcro-fluidic device, conprising: a body

1. Ad,@,f,dralfpugj,éuéglge &ﬁﬁeﬁ%ngnd third pneumatic ports, each

sealed wth a seal haped to couple to a pneumatic
congwt Prough said seal; a first chanber for

2 8PFY A§RINGT st 17 quid, having a first top openi ng
and a first bottom opening, said first top opening in
fluid dBRmsecead iand thirdrpnaynati perts,peagh saalgedwﬂua seal and

chanberg edrtsg:‘ahmentg aiaﬁ%%ﬂ?ﬁic Ebﬁdhlfjthrgﬁ'i %ldaseﬁﬁcond

top openi secono om openi n second

t op "ope communi ca sai d .
por t - o B cioikgtBr FPEvPRCE R igte. g &P B opening
havi ng a’hd har dirétobotesni Bpening, ashid fﬁ*sbofdp)%&nﬁrﬁlg Ngh - fluid
said third top opening in flui d communication wth

sai d t aempBicationwithsaid ik ®erthg condui t above each

one of said first, second and third bottom openi ngs,

said ba semnqoehﬁmger fon receivingco second hquidnhaving acsecond top

St ect 1ot B sHRS BT ERbiT BpPARY: sl PG, Ry, ppening in

chanberfuid bo@utiniceaiot witle sa@tdeeonapd;t s transfers a
liquid fromone of said chanbers to another one of

sai d chafier ehdnbérimP rér%nﬂnﬁ@“ﬂ%tlldﬂﬁh A B-thifd t&B‘Spenlng

mcro-fluidic device of claim 1, wherein each one of
sai d cieiehed stiies botinwn t opesingr asaids|thisdd terpwapening yin  fluid

tovar d3, 5 HnRak4PIHRRER ooty each chamber.

a connecting conduit above each one of said first, second and third
bottom openings, said bottom openings in fluid communication with

one another through said connecting conduit,

wherein selective application of pneumatic pressures to said chambers
through said pneumatic conduits transfers a liquid from one of said
chambers to another one of said chambers through said connecting conduit.

2. The micro-fluidic device of claim 1, wherein each one of said chambers has a
bottom surface sloped downwardly towards said bottom opening of said each
chamber. '

- 3. The micro-fluid device ‘of claim 1 or claim 2, wherein at least a section of said

connecting conduit is at a level above a liquid level in said chambers.

4. The micro-fluidic device of any one of claims 1 to 3, wherein said body
comprising a top portion, a bottom portion, and a middle portion, said chambers

and connecting conduit defined by said middle and top portions.
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3. The mcro-fluid device of claim1l or claim2,
wherein at | east a section of said connecting conduit
WO s00at12363 evel above a liquid level in said cheebecH08/000222
4. The mcro-fluidic device of any one of clains 1 to
3, wherein said body conprising a top portion, a

5. TRe'ier-PEtid devicevrciaintud dherdif 't 1t atctiof HIHARY Sonnecting
and connecting conduit defined by said mddle and top
cortuil igagljaentraidippmertion.i ri di ¢ devi ce of claim 4,
wherein at | east a section of said connecting conduit
j j i t10o0.: 6 ] | ui di ,
6. The pfEtPRBIG GRict, A= 4 opainf 5 PP ShEF gy Serings of said
clmbeénsgrecidjssent saldtopgioitie.e adj acent said top
portion. 7. The mcro-fluidic device of any one of
. cl ai s 10 6, wherein said ports are defined by said
7. T'B%t’?'GFﬁ'ﬁH'ndiq glvics ofrRaY ner of plaimsi: (i, ivhergin Al pads are-
d&fined By SZidbot@n! poitidfr €i n said middl e portion defines
a'}irst condul t gxtending between said first port and
said first top opening, a second conduit extending
8. Themigrerfligdicdievinsoolidamoene afdlaims ¢ to el ovhiereinpsaig eniddlg, portion
d a_third conduit, extendi bet ween. said  third pqr]
IRtipsSa st Ho Ut pXisBaen G P s e tEsto PP AR S8 st top
okiing,ea SécadBedRdit eiendihg bebwsentssidlsecBad poramteSaia&econd
a fourth conduit extending between said first bottom

togpening. and athiy evvhilcextendiog hetween gaidi third pashand said third

| hg between said second bottom opening and said
t°§§?%@ﬁq?ng conduit, and a sixth conduit extending

- between said third bottom openi ng and sai d connecti ng
9. Thwmicrotfluidie.deMite of claim B, wihéreindaid odddié pomjoro defioés a fourth

R B s b B ol o8 Rormortn
cdﬁiu{}_ﬁaﬁﬁtﬁ%rﬂ‘uﬂ%x@@idﬁﬁ@%gﬁﬁé& 588 se8nd Pottem EBéﬁiin?rb‘hd said

1e mcro-fluidic device of claim10, wherein ai ,
canegsting renduits and a gixtareengyitt otendingi katwees sajdntbird gjottom

A .y LGk O-fluidic device of any one
o%rﬁrﬁépﬁ%gﬁfg%&%ﬂlﬁgﬁgﬁgﬁ | at | east one of said top
~ portion and said bottomportion is nmade of a plastic
10. Theaméciioafluidic device of any one of claims 4 to 9, wherein said top, middle

and bottom portions are separate portions, said middle portion being
sandwiched between said top and bottom portions.

11. The micro-fluidic device of claim 10, wherein at least one of said top and bottom
portions is formed of a flat sheet. ’

12.The micro-fluidic device of any one of claims 4 to 11, wherein at least one of

said top portion and said bottom portion is made of a plastid material.

13.The micro-fluidic device of any one of claims 1 to 12, wherein said body defines

more than three inter-connected chambers.

14.The micro-fluidic device of claim 13, wherein said body defines six to eleven

inter-connected chambers.

22



13. The mcro-fluidic device of any one of clainms 1 to
12, wherein said body defines nore than three
wo adoen23sehnect ed chanbers. 14. The m cro-fl ui dPCT/S@208/800222
of claim 13, wherein said body defines six to el even
i nter-connected chanbers. 15. The m cro-fl uidic device
15.Thé RARYo-HORIi®desicd 6 dnyt nddef BiMhSI 1 ©aHE, WHEEIR said liquid
conprises a reagent, a buffer, a sanple, or a gene
coMpdsemya cerginti @ huffer, Besample, af 8genel kinding caaditiosenf
any one of clainms 1 to 15, wherein at |east two of
i t gi j o gyl dss e
16.THE fefPTOE de 80l dhyr o ¥ Sims; Fifo o5 wtorpfi°qtgloast two of

said ehamberd comtait diffepanttligaidsof sai d body is nmade of a
pol yner. 18. The micro-fluidic device of claim 16,

wher.ei n_saj d, pol r conpri.ses pojycarbonate or )
17 TRO Ry oot A GAIIEET JMEOBp of By 1By GNEIein af east a portion

ENd 68d¢1s MBYeYte SdIvin @_i ns 1 to 18, wherein said seal
0i S rrade)oos? a SI astlls’é:yrrlgteri al. 20. The mcro-fluidic

device of any one of clains 1 to 19, wherein said body
18. Thef miere-fluidjendewicer aaft claimhatfhewheseind sgithepelymescicomprises

PG R B B RIRET g conduit. 3 1. The
m cro-fluidic device of claim20, wherein said body -

19. Thie hiicresfluadip rdedicet ofcavayrore ofiathiras ieldt 18, alisareRy saié¢ aehl istmade
fluid conmunication with said gene extractor chanber.
of pplagtic MAteHid. 1 | ui di ¢ device of any one of claims 1 to
2 1, wherein said device is a cartridge. 23. The

20. TI?A% RliGrolfluidie ideviiRVeiCenPon& BY cRitfs A to®] RiviFerdint ééé? g)ody defines

erein said pneumati'c conduit conprises a needle.
. a genanextractontanamigrprsaid gene dxivacter ahaddlerr neantaininghya gene:

o] B oL Sl OBs R  SRBREIREA A

pressures to said chanbers through said ports of sai d

- 21. Theemiceo-fididic deeicapphiraidins 20f wheviein 24id Woeyedesfirsed @& product
tati onpri ses: ' :

chsam érogn a waste chamber, each in fluid communication with said gene

extractor chamber.

22.The micro-fluidic device of any one of claims 1 to 21, wherein said device is a

cartridge.

23.The micro-fluidic device of any one of claims 1 to 22, wherein said pneumatic

conduit comprises a needle.

24.An apparatus comprisihg a device as defined in any one of claims 1 to 23, and a
station connectable to said device for selectively applying pneun'iatic préssures

to said chambers through said ports of said device.
25.The apparatus of claim 24, wherein said station comprises:

a base configured for coupling with said device,
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a base configured for coupling with said device, a
plurality of pneumatic conduits nounted on said base,

WG bapaeBssd couple to said ports through sai d seel/SGogn0222
said device is coupled to said base, and a plurality
of val ves each connected to one of said pneumatic

acrﬂﬁr%lﬂt)l f bﬁéuﬁr@h@%h&ﬁity rﬁ&ﬂ%étdrﬂgaﬂ Bééé SHap@Y to couple to

hrough sai d pneunmatic conduit . The appar at us of
salda:iomszsrougﬁesard sealsfwhert s&dtdeodc&slarwupledrtalaa@b@se and
val ves are connected to a first pressure devi ce for

asfLBE 87 LR XL SR 18 o, s, PheREHEG s ror
seleetivedy rapligtthd # flaid R iito0§Ie 851d phelriatRecsiriuast | vel y

applying to said ports a second pneumatic pressure
ower than sald first pneumatic pressur.e,

26.The pararalis 17 elpim RS2 avherREy @i first sk of iseid pbﬁ@k}mf. yalves are .
seﬁ%’ fo Lirky &Iegsukh@ébre@%ra%&@&ﬁ}emggplgﬁg %dld ports a first

pneunmatic pressure Is
pmumaipm pressusy.antha seppiad attiof séidqblaiaﬁtyzaf vaibes arerconnected

toh A SepiT RrBERISp FBYEE: SSRelTRIE eamnDsEL S aifind ‘second
prﬁ’élﬂ‘ﬁatrezﬁresshﬂa I%%?H?édl%refﬁré‘trbhélﬁﬁat@‘ resqurgs 26 to 28,

wherein said station conprises a controller for
controlling operation of said valves and said pressure
27. Theapparatus of chajm %ppmeaelwaw ficstaneupmatiopressure is digher than

r S
o RrRRRART 47 el CEBYET PrilrERET SR, JieP than one
atmnvphel-é,er 3 1. A nethod of operating the device of -
any one of claims 1 to 24, wherein at |east one of

28 T8 e B AL PR Am et ey A comprises a

pr%%%tpb nJéYarﬂpé’érM's%oﬁdj br&dsRiné deVRE RN rins%easx‘ié&ﬁﬁn bgmp
said chanbers through said ports, to cause said liquid

to flow fromone of said chanbers to another one of
29. TheypRPRRdus 6F any 9pe ofplaims a@aoae whereinaid stadieproosmpripes a

G Y R S B VAP G SR R aoe

two of said chanbers
30.The apparatus of claim 29, wherein said station comprises a computer in

communication with said controller for controlling operation of said controller.

31.A method of operating the device of any one of claims 1 to 24, wherein at least

one of said chambers contains said liquid, comprising:
coupling said pneumatic conduits to said ports;

selectively abplying different pneumatic pressures to said chambers through
said ports, to cause said liquid to flow from one of said chambers to another one

of said chambers

32.The method of claim 31, comprising selectively applying said pneumatic
pressures to transfer said quUid sequentially through more than two of said

chambers.
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