FLU D PROCESSI NG AND TRANSFER USI NG | NTER- CONNECTED MULTI - CHAMBER
DEVI CE CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application
clainms the benefits of U S. provisional application No. 61/064, 871,
filed March 31, 2008, the contents of which are incorporated herein
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OF THE | NVENTI ON [ 0003] Preparati on of biol ogical sanples, such as
DNA, RNA, nRNA and protein fromclinical sanples in the forns of
solids and fluids, may involve a series of processing steps, such as
ti ssue dissociation, cell separation, cell lysis, gene extraction,

and/ or washi ngCROBSSREPERENTGES TORBLATEDAPRILIEATIONI di ¢ del ivery and
processing protocols. In sone conventional -processing nethods,

sanpl es agents, are contai ned and nugl | ransferyed using,.
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signifi caﬁt ri sk of cross-contam nation of nucleic acids between

di f f er ent NYERAYIETreRE/ of the nanual steps and operations may be
aut omat ed using robotic systens, but the robotic systens are

difficult to yweLboF fTagdhvrgygomd | amount s of sanpl es. Moreover,
automation typically requires added costs and expensive equi pnents.
0004] A chi.p-pased_or cartridge-based m cro-system can process a
[smal | 1A f&b82]b The present invention relates to fluid >;;rocxs-,ssing, m%re‘ particularly to

fluid processing and transfer using inter-connected muilti-chamber devices.
BACKGROUND OF THE INVENTION

[0003] Preparation of biological samples, such as DNA, RNA, mRNA and
protein from clinical samples in the forms of solids and fluids, may involve a series
of processing steps, such as tissue dissociation, cell separation, cell lysis, gene
extraction, and/or washing. This 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
micrppipettes. This is time-consuming, labor-intensive, and prone to human érror.,
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 systenis are difficult to‘ use for handling small
amounts of samples. Moreover, automation typically .requ'ires 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‘ risks 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.



anount of sanple fluid within a closed fluidic system thereby

reduci ng risks of cross-contamnation. Typically, the fluid flow
within the chip- or cartridge-based systens is driven and regul ated
usi ng punps and val ves. These systens have conpl ex structures and | ow
reliability, and are expensive and inconvenient to use. SUMVARY OF
THE | NVENTI ON SWaNBRC O67 THBYNVYENarOMspect of the present invention,
there is provided a mcro-fluidic device conprising a body. The body
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[ 0008] O her aspects and features of the present invention will becone
apparent to those of ordinary skill in the art upon review of the
follow ng description of specific enbodinents of the invention in
conjunction with the acconpanying figures. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0009]In the figures, which illustrate, by way of exanple
only, enbexdiantert andimayhke pm disiehtommuaitaitiom,wifh084i@]deinGecting soraduill oThe

di agram o fl ui di ¢c. appar.at us xenpl ary, of an enbodi pent of the, .
present i &?/@hﬂ%;éef%@@l ] EfCéJUCE cf??”g%troﬁx?)l %nthgch@m. € o8 4| Luid
base for osemunicatien arhaaRt gendbxttidordchant B} 1 2lHel davick ndyae a cartridge.
cross-sectional elevation view of the base of FIG 2 along the |line

A- A [ 0015gPreumaticeondyliapnsorsriise dPeedn- per spective view of a
cartridge for use in .
[0006] In accordance with another aspect of the present invention, there is

provided an apparatus comprising a device as described in the preceding
paragraph, and a station connectable to said device for selectively applying
pneumatic pressures to said chambers through said ports of said device. The
station may comprise a base configured for coupling with said device, a plurality of
pneumatic cond_uits mounted on said base; shaped to couple to said ports through
said seals when said device is coupled to said base, and a plurality of valves each
connected to one pf‘said pneumatic conduits for selectively regulating a fluid flow
through said pneumatic conduits. A first set of the vélves may be connected to a
first pressure device for selectively applying to said ports a first pneumatic
pressure, and a second set of the valves may be connected to a second pressure
device selectively applying to said ports a secohd pneumatic pressure lower than
said first pneumatic pressure. The first pneumatic pressure may be higher {han
one atmosphere, and the second pneumatic pressure may be lower than one
atmosphere. The first pressure device may comprise a pressure pump, and said
second pressure device may comprise a vacuum pump. The station may comprise
a controller for controlling operation of said valves and said pressure devices. The
station may comprise a computer in 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 pdrts, fo 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 sequentiallyl

through more than two of said chambers.



the apparatus of FIG 1, exenplary of an enbodi ment of the present
invention; [0014]FIG 5 is a top exploded perspective view of the
cartridge of P10.4; [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
per spect i P808] ewOdferthpedintnd fegbamesiod theopresbet ineerttiondyik be€orfé Bppdrent

0018] FI i t | . Vi f th 1 ddl ti f t L
bartr) audoofond ot orifeBh 3R cie Ot g st iad o e Bllvilhe (feseriation of
m ddl e poggdctiic embbbindgnas tafi thee ienfidd> ind4codj0RR@hFIWEh bk laBcd@npanying

cross-segﬁi onal elevation view of the base of FIG 3 coupled to the
cartri dge'®¥®¥I G 4 in operation; :

- BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the figures, which illustrate, by way of example only, embodiments of
the present invention,

[0010] FIG. 1 is a block diagram of a fluidic apparatus, exemplary of an
- embodiment of the present invention;

[0011] FIG. 2 is a top plan view of a receptacle base for use in the appai’atus of
FIG. 1;.

[0012] FIG. 3 is a cross-sectional elevation view of the base of FIG. 2 along the
line A-A;

[0013] FIG. 4 is a bottom, see-through perspective view of a cartridge for use in
the apparatus of 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;



[0021] AG. 12 is a schematic diagramof a part of the cartridge of

FIG 4 illustrating its operation, exenplary of an enbodi nent of the
present invention; [0022]FIGS. 13, 14 and 15 are schematic di agrans
of a part of the cartridge of FIG 4 illustrating its operation,

exenpl ary of an enbodi ment of the present invention; [0023]FIG 16 is
an expl oqmﬁer fiecti2v & wi soheniatiendiabized vatd yartcel thd dgrridgxemrier v
of an e nt_of th resen i nventi on; [0024}FIG 17 is a bottom
per spect rgF t%?p?rﬁgo ?ﬂfr"ﬂc B embcdiment o4 the P'E?@@”tdfw?ﬂh@" 16;
[0025] FIG 18 is a scherratl c diagramof the alternative cartridge

i1l ustrafooup] t FIGBEAS! 19and epseardl sehymalic BRAgRITROBF BRIt &ifthé RErtIRSEN!
i nvention; andﬂlg‘sOZG FI G 19 is a perspective viewof an alternative

base sui fig( & tratfig|itsngperation, exemp ary of an embodiment of the present
invention;

[0023] FIG. 16 is an exploded perspective view of an alternative cartridge,

exemplary of an embodiment of the present invention;

[0024] FIG. 17 is a bottom perspective view of the middle portion of the cartridge
of FIG. 16;

[0025] FIG. 18 is a schematic diagram of the alternative cartridge illustrating its
-operation, exemplary of an embodiment of the present invention; and

[0026] FIG. 19 is a perspective view of an alternative base suitable for coupling
with the alternative cartridge.



with the alternative cartridge. DETAILED DESCRI PTI ON [ 0027] Exenpl ary
enbodi ments of the present invention utilize pneumatic pressures to
sel ectively transfer liquids between inter-connected fluid chanbers
in a mcro-fluidic device. The chanbers are connected to pneumatic
ports through which pneumatic pressures nay be selectively applied in
i ndi vi dual chanbers above the respective liquid | evel. The chanbers
may be i nt er cDETAUIED DESCRIGNI@NConnecting conduit that is at |east
partially positioned above the quuid | evel s in the chanbers for

preventi in nded |i d, transf bet ween .t he chanb
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a plurality of punps 110A and 1108 (al so

[0028] FIG. 1 is a schematic block diagram showing a system 100 for
processing fluidic biological samples, exemplary of an embodiment of the present

invention.

[0029] System 100 includes station 102 which can be a desktop station. Station
102 is connected to a computer 104 and can receive a cartridge 106, as will be
further detailed below.

[0030] Station 102 also includes an ‘embedded controller 108, which
communicates with computer 104, such as through a USB connection. Computer
104 may be a specially des’ighed computer or a general-purpose computer loaded
with specially designed program for control the operation of system 100.

[0031] Station 102 a_lso includes a plurality .of pumps 110A and 110B (also
collectively and individually 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 embvodiments, the flow rate provided by the pumps may‘be from about 0.01
to about 50 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 gpplications, different gas or fluid pumps may"be used. In

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



collectively and individually referred to as punp 110), mniature

val ve arrays 112A and 1128 (al so collectively and individually
referred to as valve array or valve 112) and a val ve array control
board 114. One of the punps, such as punp 110A, is a vacuum punp;

anot her punp, such as 1108, is a pressure punp. The punps may be
m ni at ur SOBERpWhichUBRY g@ a@ﬁﬁtergél YAOUP® @Yprpesurstsaltdec Ipuneps casessibee
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different. The valves may be miniature el ectromagnetic val ves. The
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a mcrocontroller uni't such as C ("Programmabl e Intelligent
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speci al | y desi gned val ves. [0034]Interface 116 may include a
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of the pmeheniahienaredyt 101 for[tRIBEmIAG asmatNhrwgtFuﬁS«awe 192 2hd the nkbéle
cartrldggqé)ody 400 is fornmed of three portions, a top portion 402, a

m ddl e pdrtion 404, and a bottom portion 406. The three portions may
be separate portions and the middl e portion 404 is sandw ched between

top and tnmspm Anréxe@mar@%rmage%% is BAewh ik #8GBO 4t 001D ék@&plél'g‘bf aﬁ06

may be af t er in any suitable manner. For exarrpl e
portions® 98'87,5@%(&‘@00"?%%’&'%‘@”“9%1 ng bolts and nuts (not shown) or

gl ued together using an adhesive. In some enmbodiments; it may be

conveni e[iio36p r ABEHBWNYIN rmgst 4% Bearidop, tﬁé@ahﬂ&é@%gﬁbbqg%rh@dtdﬁhree
m ddl e porr&fag}sb%For exanp as. illustrated in FI 4 to 10, bolt
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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 mount 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 FlG. 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



bolt holes 408. Alternatively, top portion 402 may be fornmed of a
thin filmor sheet 7 such as a plastic tape which has an adhesive
side. For exanple, the adhesive side of the tape nay have a gl ue

| ayer on its surface. [0038] As shown in FIGS. 6 and 8, bottom
portion 406 may be generally plate-shaped but provided with bolt

hol es 408suchresLiplabtic Rpetwhidd Ras aalagfedivd Bider ek akhapre tleSadhbbivieide

shown but see FIG 11), a well 412, and fluid conduits or channels
414 and 49féhe tgpg mav havea glusdayesiomits $4ass- adhesi ve tape. Pneumatic
ports 410 may be seal ed using the adhesive tape. Alternatively,
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422B, 42}0 afnd 42Q and 422J are |labeled in FIG 9). [0040] Each top
openi ng 4% TRset BHfrle odian #0942 Egrb pet 410 isorhanre tcoupigrined pagumatic

whi chextcndsit, stich a8/reXdleXddd, BlrbYgRBghitf1gn downvardly to a respective
pneumatic port 410 in bottom port?on 406, so that the corresponding

chanber i&S i.S In_comruni cation with the. respective port 410 (for-
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[0040] Each top opening 420 is connected with a pneumatic conduit or channel
424, which extends initially laterally and then downwardly to a respective pneumatic
port 410 in bottom portion 406, so that the corresponding chamber 418 is in
communication with the respective port 410 (for easy viewing, only channels 424A
and 424J are labeled in FIG 9 and FIG. 10). | |

[0041] 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 4221 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. |



[ 0042] Thus, chanbers 418 are each in fluid communication with a
respective port 410 through its top opening 420, and are in fluid
communi cation with one anot her through their bottom openi ngs 422 and
connecting conduit 428. [0043] When the three portions are affixed

t oget her such as with bolts and nuts or with an adhesive tape or
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bet ween portions 4 and 406, may contain, or coated wth, a sealing
material . Wl 2 when covered by bottom surface of mddI e portion

404 f or md0843J heWhP'P Lneuthé%ﬁ%lpnsm afixpd jogatheresudhors wikla hpltseancsuis

gene extr, C @{{%@W I ther h
chanber fdci:?\krrigg%n Qwe | 41 i\s% %ﬁ?m@oﬁﬁ%?@ﬁdﬁﬁ @8 %H%%h&‘é’ ars ﬁgﬂhﬂg
port, as segladsantoormelnseddivid candids §or, allamngaﬂwde:ommﬂnmhoncbebfyeen the

per sons t 4 can be reci.at ed rtr

body. 400 SHAMEEES b hfeRhang COReRdy e Par e BB Rt i

mi gdl e pdie amsactiog, suﬁgées.v\haw4 eaﬁl;lpon&ﬂ\b stm%r’ftﬁllod,eénmﬁemb&ﬁlp@f ﬂﬁ)ﬁé§4
and top connecting conduit er ebet ween chanber s
418 are ﬁﬁ'gtﬁcﬁ sg'o(fﬂm?’c%rt? et E@PP@@Q)H}?&?% B(S en BoVerssh
openi Ngs ¥ 2btein etdadeesSmitie PbRioNUI4 forfs CHBIMEH Had 'cﬁ@m%rt hvﬁ?é‘r?m may
anot her through connecting conduit 428. [0045] Top openings 4

connect i S§NCoRRILEXaMPI8. AfiyA @énsﬁﬁ&aptm& ambeheas avite bBed)%QUSSQ‘éijfﬁfé@ﬁ
top portigapwt0Fhe 2RaibbH Fho!

enbodi nent s, con%ec?l ng ?gﬁ% Wg%h% s bgfj%(%zﬁcl%ngil&&{q tﬁré pnerumatlc wer
than top P@ﬁeﬁ$ fidgs natgecegsary to dhml, ds ben &e undeestedd ab@eesonaekuhe@ frethe
bott om opgni ng 422 of the chambers 418 that are interconnected

t hrough connecting conduit 428 to prevent unintended transfer or

m xi ng. of the liquids contained in the chanbers 418 t hrough the
connect i IRP44nddfist camlae appreciatet ecanigge body 480 initislhatiéfowald elobéd)fivisit
liquid I e

hi ghest E\é@hl‘l&ﬁhé%ﬁ'} he connec%ﬁegbégﬂ g?‘tlagzl%z;%lémgﬁg%%%eﬁ @eer'ne
connect i nhambersué18 428 toppcanmettieg topduwf 4231etheﬂeastvwe$\) f’fap dpenings of

advant ag I n.all ow nore effective uti tlon

chanber CORTRES Ha G An APt RS et ecnsERlnePod anBrpates
cylindri ogémab&pm afichainisére@de dvetii fuld camehuriyatutvatitoneandteal thsough
bet ween toIQ boté {%{rportlons 402 and 406 (as better illustrated in
FIG 11)° I-i?ﬁ%‘{)@tco” W 45%ferent embodi nents, chanbers 418 may have a
different cross-sectional shape and may be Ionger or shorter.

[ 0047] Cafa045dge 'Ibpd)peﬁ@@;satzu &i5d p@rﬁrtsoﬂﬁg cOBYUIDE28 PfidEBe @asm@n@nut the
suitable mate For exanpl e, ggrlllu on nmay be forned f
t

pol yner i G2R&t rrg?"g] pdjagget o) pﬁgl%gﬁ%o Strﬁ&ﬁ%(%‘f‘@]i@“@é‘t hé{brdiffeé?@)
(PMWA) @mbbamqéntgeconﬁe@nr@oééﬁdm Aib’imré%ebﬁo&@drr&ﬂm@ﬁeraort Blar &R topd

material such as a plastic sheet wth or wthout an adhesive surface.

Seal s 412P@RIpIHA20 @Hhﬁ@h@ﬂldabﬁ/ atai Iwﬂila@os@me highest eettamn ogamnge@Zaof

plastic {id @Pér‘?l%rscﬁ'?s btﬂaf:%’f'e‘! '%ﬁfe‘?&;dn%c@'ao tdnhB&idee fﬁt 298 to

The plastic til mmay or have an adhesr ve Iayer on|

sur f ace. prevent unintended transfer or mixing of the liquids contained in the chambers 418
through the connecting conduit 428. As can be appreciated, the allowable highest
liquid leye! 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.



[ 0048] The body 400 may be forned using traditional nachining

t echni ques, such as microinjection nolding and conputerized
nunerically controlled (CNC) machining, or using plastic injection
nol di ng, as can be understood by persons skilled in the art. [0049]
The internal surfaces of the chanbers and channel s may be cl eaned or
steriliz§aD4@jen Alesamber 418 magdene d geisaraty eRBgatedtdyindmiat shabe and a

surfaces pf the chanbers and channel s may be coated wth apot her ~
ol yner - MEPEHEGH G, R A2y e Ph T HCHIAERY e hiorand Belbrs o g2 and
[ 0050] Thage g@@ﬁeﬁér ifigiRRsd RTFIGOH 1}, NGowdVrdr! ihdfferdRCeAbdiki2fitd, Bh&hPars
chanmbers 418, fluid conduits/channels, or openln%;hnay vary dependi ng-
on the afpfimathave a diferant srasgiseationgd pharaendmay benlengangr shodabunt i s
typically small, thus the fluidic chanbers and channels may have ’

di mensi _Opmm t RsurPicee’ by Eb&roﬁ"iféehgﬁi§ns %&W.b%ht%n%ﬁeu"s%g%xas;uﬁabléo
| ar ge, may be difficult to use pheumatic pressures to transfer
smal | amB@er@lof Fen examspleOgaeth @odidnemalidred fortmed fidmea giokyrserichmatatiahe

I fEich t f fiyt l.ui d
pncamt | 2 2 8aPa®en3t bublriRn BRRLEab R 1oH i kbamal PR
openi Egs4g&wayam3foginmﬁrjw iadhis daa}!in?@mataiaj;eu&liﬁ aabq?hst&.s&emf ith oah?ﬁtbutl
mm The chanbpers sho ve s i cient, vol unes for . ormin

bar 1 cul 80 HBEFVEPLpEsEe s At dhthER o R oY en RuRblp1 8 A0r0 sl
fluid chemireas anplastiaibn hat arBe 68nJdnferly dR6keH wihthé Meelidsesod. Th&00
mllilite The particul ar shapes of the openings, channels,

... [ 0051 A -
condui tsP'raé'PRi#'Hb HeRRXthave agigdhepivalayeRpB s feiFeseand dependi ng
on the application. [0052]1n use, one or nore chanbers 418 may be
filled,  FoaB]asThel BeHyase mapadedrmil tidy traditibAal MBeninifiuicdnAmYede
a sanple, a buffer, or a reag_ent l'iquid, or any other desired |iquid.
A chanbePUGtags dnigsoipiectiar dnelging: and camputriizet runsericallypentralied (ChGet
genes, - OfabRinfic0ldt W t‘g'ﬁ'[ﬁéﬂ‘cﬁf‘ b |
| oaded wi t?h giﬁ_{rg?er ent fp&so's.l : 0653?%@@%?@@%%%&?@5&% p%g‘dgrse
cover i ngsiliasl indpe &ifr f ace of middle portion 404 with top portion 402.
After loading the fluids, top portion 402 is attached and affixed to

m ddl e ppoubpn 494 iﬁ@rr?dl%%ﬁa@é@oﬁ%' C'Taea FEBAT ARSI Gy pRlciddiRdi QP

of mddle portion 404 and to prevent age or contam nation during
t ranspor $tafiized wheopidasined oor. needasbrie oo dasemttbe iatdrhal dunfeogshef the

initiall i h ot : 4 0

410 1 o oES B ndi T b I A, ARBthe R el B3 o
wi t h t opTgiant tboonodiftheswaee propertiss. nor e conveni ent. [ 0054] As
illustrated in FIG 11, when cartridge body 400 is coupled to base

300, [0050] The sizes or dimensions of the cartridge 400 and the internal chambers
418, fluid conduits/channels, or openings may vary depending on the appliéation.
For biological applications, fhe sam;iie 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 Atypicai 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 milliter. - | |
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seals 411 at ports 410 nay be sel ectively broken by needl es 306 which
wi |l pierce through the seals 411, thus establishing fluid

communi cati on between correspondi ng valves in valve array 112 and
chanbers 418, through ports 410, conduits 424 and top openings 420.

[ 0055] The valves in valve arrays 112A and 112B are each connected to

a corresoostiing Teesiric386sHapds 0P fHd ggrmbst Bh&fieRs; CbM@lis, BRIPLAS thay

fluid flow through that needl e 306. The s 110 are connected to

t he val vaeafm%reqtﬁmmmfmwmepﬁ@ﬂmqw earRpgatienng a positive or
negative pressure to the ports 310 through values 112. [0056] Conput er
104 cont nedsp]t hen qQRer @hbqsr Rlore @RLMBEILA18 QRay ‘ﬂ@'fﬁl@d' Suéa tfémg RS
the operation of punps 110 and valves 112 to selectively app

pr essur edPaged, Wﬁbﬁ '!Q% phediguidemay beve sample; adydlier.\ar dresgent b Uld,oor

ports 41Q,.t S & 5P

negat i ve oY R EnBERELR" 5 RemEBPRRY A1 B8 JUATHS Slopd pFRbb ok as

sel ect i v@wlfled tangétegared, botostore ovastdre  Diffarestpadibeds éﬂlarﬁn&r be 4difallyl f

no chang d articular chanber, the port for that
chamber efjé’ﬂg\‘ﬁg% L%‘ddgsuch as by closing the corresponding

val ve. [0057] For exanple, to perform gene extraction for PCR
( pol yner #8533 haiTine ﬂuaastrhayl)b;e adedi W@ré@@véfmg e ’cd{‘z)adedaw Toh rhiddlieds

as illustrated G 12, which_schematic 0 a sim

cartri dg@ofen 1408 iatniceen Boctin H2°F BT ceadng a@%%% tepeportion 402 is
modi f i Cahﬁ@ﬂwé@aﬁ&éﬁ‘xé@f@nﬁdlﬁ@'@@ﬁ@n%ﬁ RRibdeeahd Sedthife edgodtsl dpeihgR"
not used for this particular gﬁr ation; further the bottom Anot her

nodi fi ca@t if {P ehavddietodiano |aﬁgst04xzr@yeretnl§a&ezgﬁoep@ntém@ne@rm
connect i RgnehHERBh of ZhetAtAUon SSRE o mr i t@nacﬂlﬁm%gfb‘el%mawtloaded

directly. However, the operation proce or - transferring |1l quids
bet ween” dHaBRhEMber §BoUgh 2 TR 4drbdfere the poaindd Ode spale. tHeveyec Hanny.

Sampi o, “Pooretgtr Bedn AR inen EF il 06 pdttdh A2 REEBl; By more

respect i gehyeniohtgene extractor is deposited in well 412. The gene
extractor may include a magneti c-based extract or, silica nenbrane,

ST 11 ca bRl " ATAIREICITRIAEL 34 N 8RS s S8R0 BoBsd BB

with a hirg roh concentration enes y 1'nc
( Deoxyr | bezladiidiat p@dsemo Mbel%dlmhmewenrokacbwheewes BBBIAwf(nM%Iemgme

e selec based. on, t he I cu
genes to rg&@it g'gélSCh e?@us41§i QET%"Q&S u'ga 8‘85{.9%r|b Mﬁslnng
the pr oducTesmumcva%bN%ages|vem_y he2 vt ehmwgu:et& hgrdu@ﬂ ?@méuié@,ns
respective egradation reagent may al so be preloaded in
one or nBPeE lﬁfﬁ%eaf”g tof’@@?s@?’gﬁggbne cases, adjustment of the gene

bi nding condition nay be required. The buffers |oaded in the chanbers
may i ncl [asspuf fraesva‘lms Q‘EDSIVbIalfhyégﬂziNthdaﬂwfa?eOéac_ﬁo%rﬁiéwéwkd a

based on _the tar g condi tions. E%QS ]I n one enhodi rrent
to perfoffHresaepA gI Qg?ﬁqa éﬁeﬂ IcPBEgUred 1o SeleSRYHYI TREUIRE oWl flew
424D, A24froudrRthat aéednelmedrheT B@m}?@'ﬂ@ Fr&%BnhenBg s etk t/&véera.%tné&%

is open and a _pressurized gas such as air is supplied thereto, thus
cr eat i ng@ad ﬂaggtfpr/éelﬁfa@@émeplngu al@ogifiverve negaBe. prersuredp the popta 310
connect egy, %@QS j4424C is open and a vacuum pressure i-s applied
t her et o, creatl ng a negative pressure above the liquid in
chanmber 418C. The pressure differential thus drives sanple |iquid

f r om chalfi56] 418@mpyiter 46 etontroBCtheGapetalibbl efs contipllat S@8bevhictedn ddm

ot o, “BRTRSS EASErRtAT! biADS T YiRPlact 2 RPSHEFEMAPY Betebisd
alr (positive pressure) or vacuum (negative pressure) to ports 410, through needles

306. '.Depending on whether a positive ora negétiVe pressure is applied at a port
410, a fluid may be selectively transferred to or from the corresponding chamber

11



418C. The sanple may thus be m xed with the lysis buffer thoroughly
to lyse the sanple and to protect the genes from degradation. [0060]
A simlar procedure nay be used to transfer the |lysed sanple to
chanber 418D to m x with the binding conditioner, thus adjusting the
sanpl e's gene condition. [0061] The conditioned sanple may be then

t ransf er d8. t16 noedHandé 2s cieeded lfoyr @mpattitutar ghaatber othenpore forfthehehdmer

418E and 418F dependin n the partjcular application as will be
under st oS}F‘yb’S‘?h}ﬁ%EIQSg% %Pgﬁsitbﬁf Q%én%ﬁ?.cofrﬁéﬁé‘%éfﬁﬂvﬁagneti ¢ beads
are used as the gene extractor for gene extraction, the |ysed sanple
nmay be m0@sYIW tHortd@nipgnet berfd@adienenexrictiod 1dr RTRY palyRidiadedthain
procedure, wthout first goin throqu/;\g_the, ot her chanbers. [0063] Gene
extracti 6‘??9?89)’é13§t8d% 408y Redoadeduwith fluids a5 tiilystraled gp £16r d¢ which
sanpl e | bbhdmbidiy SRONSE SR AeIHBE WIRRIReMmoBHEIAR IR EBRfGPASD.
The target genes in the sanple wITl be attached to the gene

ext r act oPneThedifigaiigmisnipat isqmedchaiybere are amsitted rie F1Go 1@hasrthwy are8dotas

te. A i : d t .
wnsh buf ESed 1T BtblF he@Rol™ YuhBr B, bORTE” Al RlfcpRds e
di }‘ fer Fnbottgrpemern?wgwaﬁﬁh_l bllldl #ed4d ﬁrmy?r’;rmctajetd dm’nnvagﬂi’fg themiged2s through
mul tiple _steps tiple wash, buffers are used, two _or nore
charber s SRS SBUAGaNGETPT A4 % gt AT6elbh BARFURTs (N9 APBIRLOR RIRACHERfor-
wash buf fransfeBingbryuidanetedaredhamosischtgmanr MEHEcha i adeamélddspite
t hrough well 412 and conduit 414, The waste ma ater discharged

t be |
f rom chalftsse E89Sr ASRUMGTe: eharbersi 4166 418G gD, ddBEoA18F app luaded
with t hemarsramdﬂaq;(sié 8068 Gsa&t@éﬁ ath Eﬁnﬁer?%neeél&t@rﬂm@ %gecﬁve A

transferring the elution buffer from chanber 418F to chanber 4181
t hrough @eN¢ exiracifds cédennsited 4newell v 2| uthegeper exlracipn mayelnshusle ehe

t d i t
316, TharpnctebAsed BRI, SHEaaRb R sTPe e O a ARG i R
usi ng pi pan taftaohn te\gdnegeinf arfudtbwitht a dégh appl coreentaiign. sUte genegemay

pr oduct o b, AL TOREHBRnvGRL 3, R SiiBlchiopERR o) N

det ect i ofMedsenget &NA)s Thpageneoexiravt@gemay THee selected based on the particular
genes to be extracted. Chambers 4181 and 418J can be used for storing the
product, extracted genés, and the waste produced by the reactions respectively.
DNA or RNA degradation reagent may also be preloaded in one or more chambers.

[0058] In some cases, adjustment of the gene binding condition may be
required. The buffers loaded in the chambers may include buffers for gene binding
(such as pure or 70% ethahol) based on the target gene binding conditions. ‘

[0059] In one embodiment, to .perform sample lysing, the valves 112
corresponding to conduits 424D, 424E, 424F are 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 .is.ap_plied thereto, thus
creating a negative pressure above the liquid in chamber 418C. The pressuré
differential thus drives sample liquid from chamber 418B to chamber 418C. Gas
bubbles may also be created inside chamber 418C, fécilitate mixing of the saniple'

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



detection chanber may be provided within cartridge 116 or nmay be
provided in an external device (not shown) which can receive the
material fromcartridge 116. [0066] The operati on of selectively
transfer a fluid between the chanbers is further illustrated with a
sinplified schematic diagramof the cartridge shown in FIGS. 13, 14

and 15. Hagcsi TR saimple maplttiud Be egixehampans I@fsebéﬂr@%rdmghty%qyse the
figures but it should be understood that nore chanbers may

oper at ed SRA'PE anhiq Bioteph HircgenesdoBrPegadstionn in FIG 13, | n an
exenpl ary application, each of chanbers 418A, 41813 and 418C is

filled w 6@@50} "Mthqla'i'%ﬁﬂ:%ﬂ&r&égebeﬁééé&fr?@%%ﬁréwdﬂﬁé¥0EE) e°'r

410A, 410B and 410C are initi al seal e own I n

i n order 418Dnfx mixayéht thea Bindingngondiionem tbhardshustingsthe sapudad’s |gwe
gas (using, gﬁ% or another gas, such as an inert gas including N2)-
pressure nay be applied at port 410A and a vacuum pressure may be
applied at port 410C, while port 41013 may remai n cl osed such as by
cl osi ng {0613 or rldepcontiiticged adanpld h2ay Hoehemeansteired pommm dirédtly or

drive re 2A throu in connect i n ondui

228 and DOCLOCBEaR! M5 20 ST RMEETS ATRB R, 4568 dditieic, B e Paripsler
and 432Capgplicatien bsauy bt undéstabadbseskilkkpcthe arichanber 418C. Due to
the positive pr essure W thin chanber 41813, reagent 432A is prevented

fromflo chanber 4185. - The rea chanber 418A can be
conpl et ew r?eraa%et@h%%ﬁﬁ s ﬁoéﬁg{heﬂe&ﬁom@ﬂoh B opge
r eagent éﬁt%k:tmiy the yeedHaeime Yndy 88shRed aslth theChaghetic #388s invell 412
reagent 4325 relgﬂl ns in chanber 4185. [0070] Because the connecting

condui t 49B9ASIERNRIOCRAIE] wﬁhwt|ﬁé$i&0n91thqu@héh%ﬁﬁ@r§ha@ﬁ&rﬁ he
pneumatic pressure is applied through the top opening, air can bubble

through {0us3]i qGahe wittdtavh nﬁﬁgoé(ltsﬁg)et ﬂ?éﬁdrhrﬁ'dl ifl vt 4pd vxlith%é%fré—h‘eﬂﬁ@
t hrough t he ports nveniently, the air bubbles can be

t
Lobd T HempRIEIY BapSieiediTiom ABOERE FEERLUAHHOR ARcam o AR Thetraat
shown i ngkhda lnl’éﬁe i&ﬁﬂl&]m%\éeéﬁé‘dnbhyw tné ‘é'eﬂeterxﬁfﬂétfo?r THE P@n@mﬁg%u;d

processi ng may fected wi thout usingany internal valves, punps
or other "ﬁytﬂedfﬁ‘@&m%ﬁ fohageharddgJias wasde.cartri dge. The fluid :

transfer may be effected entirely by selectively applying
[0064] Gene purification may be performed by transferring the wash buffer from

| chamber 424E to well 412. One wash buffer or different types of wash buffers may
be used to wash the genes in multiple steps. 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 4181 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 418l 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



14 pneumatic pressures to different ports. This process nay be

aut omat ed usi ng conputer 104 and controller 108. In sone enbodi nents,
the chanbers may be interconnected such that a fluid nay be
transferred fromany sel ected chanber to another sel ected chanber, or
may be transferred sequentially fromone to another through a series

of chanbeletectib@@h2inBer aap beepronided SHitaed cartiryce ¥ E6TDH miay Heasrotidd@es an
j i nstruction and can be ma

descri bed eréi j s sinple bn C% . f de at
rel ati velSHS™ %@ﬁ@i(w{%.owg' whichiqzerreceive e matariahremceandee 1 4@
cartridge it is very reliable. Since the sanple and reagents can

remai n i Mo@e6]l osER SySThESA BArdeR@tivalRnrRRIdrah IfY detvedvethedbiidhBers is
operation, the risk of contam nation is significantly reduced. =

[ 0073] Théuthg't iHusiigted: wiha ﬁ“ﬂ@eéﬁ%maé'ﬁﬂ%?g‘@@hﬂf Jie earteder sbapnea
for use i i khe i L fie :

mat eri al SanGEgbfggl ?fgnrgtnga g? tﬁ%‘%mgw c?n;\//gfrzlrie{eoﬁ?égg%erglagg %‘gwn in these
conveni effiglgsi bisteityshoed he understomd that treore sharhbers raaydmeoperated in a
anplifi C%[’rni%@ i gror a gene detection unit. [0074] 1 n anot her

enbodi ment, car b dge 116 may have an alternative construction, such
as having a cartridge body 400" illustrated in FIGS. 16, 17 and 18.
In cartri@F]bodys dtdin ipFtBed8| irg anhaxeEneisryaapplichtiom edzxhasfecimmberded

wi thin m e ti o 4 .. T and, bot t.om portiops 2' 4084, y
be for ms&qg#‘ A3k éﬂgeggs% TR Wé.'ﬁné?agﬁppc@é%t i"é@gj'ﬁ{egﬁgfl
sheet s nmegspeatvelpnPath£0A 4108 AL 210 Atk MRlallpeetiegmed of pol yner
tapes. The conduits and channel features nmay be entirely provided

withint 1Lddl.e portian. e, pneumatic ports 410' are .alsq. i ded
wi thi n ol B B FIEL G146 BBl o B aeate phRA aRdaBee R°¢
Thus, bothanbpoalBONa4siEitivecHaEsusing airSeRlanbthel s, S0BIP HsnBMtinert §245]
Cartri dgeOPodt%/ ég4 ns?/ define three or nore chanbers, which are used
to initi DAYPINENiRressyre gAY ke appligd ek PR Al 8AaNthy VaFHUS DiesSwWigrmay be

respecti ugpled & SHN2168! WAk Qb flaybaain et ¥RIcA TRBEERsHE the
storing extracted and purified genes and wastes respective duri ng
e

oper at i oROTr@sPondingsvaive BtR.i Fhepasumat: prepsuiedwillgirive ieagsma AB2A thippg

formed OEO&MO%}%]\- 1495 a1 oRhEHE POSdLi 04 6 bet wn

in FIGS. 16 an 1ér?tpt Ee (‘:hgmger snpgi n%ide'togﬁéeﬁdatqo\gg% Léémﬁ& e ?rl&B
chamber 418C. Thus, reagents 432A and 432C can be brought into contact or
mixed in chamber 418C. Due to the positive préssUre within chamber 418B,
reagent 432A is prevented from flowing into chamber 418B. The reagent in

chamber 418A can be 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 driving 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 418C as showri 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 ' ' :



cartridge 400" may include a gene extractor chanber 412' and a waste
chanber 418'. The remai ni ng chanbers shown nmay be used as reagent
chanbers for receiving sanpl es and other reagent fluids or the
extracted genes. A difference between the cartridges 400 and 400" is
that the chanbers for storing the waste and the product genes in
car tri dg@néOmaticl presgurésaie diffdoentt pont painisi@rdugss treay rbet aptoarzted ngvg

are connected, to th,the e ti orts and.the extracti popn chamber
215 COna BB N oS ABE PR, 'y S ot CRisr e Coam B Ay be
di rect |y irtortorré&ed tsach fitat tofLIOPEAY PE tRhs@eRE fRh IaagtlectdtRBhahbetd’
in a radial arrangenent, which are respectively connected to the

ot her coPPesbaaicAigdcHEAMReTsOr mAY bet tFrisTeifrchdrGuentialy temrensstor apihatd

bott om opgRLMYS setift baknhdnhdrhose described above with regard to body
400, are ar r%}g-gesg lar ound ¢ e'{%ber 412', [0077]As illustrated,

extractor chanber 412" is |located at the center of mddle portion

404' in 1M%ends caatbeoundersiqogi dhe exebwmlary eartisigest tresoriasd enerein is
chanber, | s ' .agt ors. 4 i.ch
oy "have SEie EPERSACALAURT SRADRR0R ol BP DB AGY  Su netS
chanber a¢2hovif@PaB}$ Duthengartridge ipisevdrp adiebls Bipte trendamplehamigrdagéftsr s

may be tr ferred, under eumat.i c, pressure, t ene, extract or
chanber  SATeTRP A0 GrESE RIS 395nG UANTRRIAIBn 40T Ty BaRPEgythe
al so be tislaosdontamrhation gesignifedntigcediceehanber 412" to el ute genes via
channel 428'. [0079] For coupling to cartridge body 400, the ‘

receptac se_of the pneumatic interface 116, may, K be nodified as .

Chown + nig7el S 3Pe SR AR SHbalspibs e 3By Codidvrish aps Gpapiey Teroi g
to the abifferamt aysicadsid,i @l difBrenin@atdialsleehpdiRéntsabe thé I Frassst
to match, the |l ocations of the pneumatic ports 410" on the cartridge
400' . NelBYPRUCTERM alsenbe FORVEMRNIY: IRlesIRIRD BEHY ShepSYSIEBIS SUsb' a3 adeNRg

as a seabhphiithtie AN 6P MdidttiBR]AFRL i ¢ ports 410° when cartridge
400" is coupled to base 300'. [0080]In use, the alternative cartridge

400" may l%? fpesat ed in a sim|l|ar manner as described above with
regard t W94kt ritigaNeBer, apbodiment1casrides BE6 umar S1ayed,an taliesnalye

necessar yordhaktibm &sueArds haleiey btafidge body 400’ illustrated in FIGS. 16, 17 and
18. In cartridge body 400°, processing chambers and channels are provided within
middle portion 404°. Top and bottom portions 402’ and 406’ may be formed of flat
sheets with no fluid channel or cavities. The flat sheets may have an adhesive
surface, and may be formed of polymer tapes. The conduits and channel features
may be entirely 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 wastés 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 shown 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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enbodi nent of the present invention to be provided with an internal
integrated detector, or a detection window Instead, the cartridge
may be coupled to another unit that includes detectors and ot her
detection devices. For this purpose, the body of the cartridge may be
made of a material that is suitable for use with the particul ar

det ecti omdi8et Mk rembigings etbmibers shodiPhfay bdeiseadys rdagdhe dmfdherd fé
transparent material when an optical detection nethod 1s to be used,

or a nonifEgHERNY Safes Ag¢ AR rTeAIARHEAS er greoperadied gepes-usedifferang?)
As descr 'H%%@eélﬁh\éeca%ggéé‘@w ha Abbﬁsftﬁ&%@gh?ﬁgbgﬁs;roﬂ%ﬁggw%é% aqgﬁgt

every chanber in the cartri qlae IS connecte neumatT c port.
top and Boe PerHuUsh@eNagdn cartadash 4ABedo mey hawera dptiomi apEning: buheiretdpt o

diff i i 1S, h i

i 11 opsgS e Bnfoaga %o hoth s Biitbte badn by hE P AaeE e e,

chanber . The. bot Lam sur ! ace may b aeneral Ly conerehaoed. Such o
anber . - .

gl oped b&Pf‘B‘?’ﬁ? riPad?® Hap B%efa%g/af?ft g@@%u%’d tqrhgh@qnggarg 412 tiRe ac FRdi®ler

can be cgma?émehﬂ, ywhichhGr@Wesh8tRegN doRBebiglt &M ABEBIHRY Hoifedpdntifg
gravitational force. In other words,” the dead volune in the chanber

i's reduc&Bambersi ni e Atlenghambanrshwhich | hayedop @ndobettomiopenings siptardm
openi ng  issehgdtibed i e GRN gﬂﬁr i

figures, this i s”not b%éé’%é@%‘fg?&éfﬂeteg%tto%g’pg% %gg%%ba e rngl Q%%’the
of f cent¥d2.As |ong as the bottomopening is at the |owest level in
the chanber and the bottom surface is sloped downwardly towards it,

t he sane fi ] i . s €0 LTl [ ;
the syst AR, AsTiletiicd \bHeBef ot lare: REaR, JTARL cEhRl dinbdle
t he cart ppdige 494din theysanae éhatidtifierftuid coambersy exdaph thedepstedihag bem, aree

parti cul j i hap a nunber. of . chanbers may vary,
Bach ohaldsei b G cBMmaPof a a A e st 6, RoieheRah i Bireteds,
or bott omayterplacsd atifelbettomvedxiractohehsmber 442’1 of the chanber as
|l ong as they remain separated by a sufficient vertical distance to

M qui . 50071 BB T breSoad S elsCagE WaBE R iar L nisitin beoFen
boéI t omt opgdénmwe_bmafpmrysme,aoe;matémamo&&ﬁamer B9R8htoulh dhawneisAse
under st o

e ot OB BBl PSASTHAY Yt S bl e S SRR eb 2
fornmed 1% elflitecyBressi@ghgnrel ag&. of materials. However, |ayered
construction may be convenient for manufacture and pre-|oading of the
fluids. [0079] For coupling to cartridge body 400°, the receptacle 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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[0086] It is not necessary that the pneumatic ports 410 are | ocated at
the bottom portion of the cartridge body 400. The ports nmay be
positioned el sewhere such as at the top or on the size of the body
400. [0087] The top portion 402, the seals 411, or the bottom portion

406, may be renovabl e and repl aceable so that the cartri d%g 106 may
be convefietastan oF adgtastion Mmgm.lvmstteqﬂ,élwm&ga mgy derewiptes! tazgothey
be provi : ' _ . To, 1,50l at Lol [

di 11 or onth AhaRi R es s Eind RBRRA Bt g s LS gL e ey
each conpétts cagtridge cthaytbel28de of atmatetigivirat ialsaitzblé fer Usieghithsthe lpaetituthr

| evel in the.chambers 418 that are interconnected through tha
connect | RGUCUTAITE 380 PooRSRd . For BBMRUbe B Cpol EEY, P Al Tfs?
provi ded trah§perenisinatdrian whead. af-@ptieadaé@ionWethaV R 103 &ise@M¥r a_non-
conpressed air su f!tai or source may be used to apply positive air

. pp ‘ I .
pr essur e MagNeReMs&ries WhaR @ raggnetighirabs isda e usedr ce may al so be used.
[0090] I n the enbodi nents shown in the drawi ngs, the cartridge 106 nmay

i ncl ude Fdoszqo %!se&@&riﬁédllia@pwadmeét%dvd th gié‘ figie8! it a5 hRE InEBsary R
nunber of chanbers may be different depending on the particular
appl i cat B¥eIy hamhpsrin the degridee insensedey te apnalmatih@odhahivetep and

at the s e or. tha r re i c F
e e, CRnoYELRle 1ok ShimBORTHEY S0 ob Rl REn - AORFRAEH ol Blreren
chanber . connestion chaleluode@msiuged t hat the term "above" as used herein

do not require that one chanber is directly above another chanber. It

is suffigd if (o} v 0 - i vel
t han t he 0%? 3 omAllsteo\% éHO%Mrlt [ﬁ]e#%f ﬁgf ?écﬁoaﬁear%ﬁaﬁﬁ%%&}% tof?g E‘o‘gﬁggi)@gy
under st obava hdtottoe stdaces thahiig seped rddWnowsed|yi tewaskdihsi bdttanhepening of
assunpti t he.cartridge body i | aced . in an uprig 0oSitio
wi th theﬁl%o%lﬁri grﬁ‘eg?f’t{o&bg“r[f%%%]ayw $%‘%§%‘&'d?%le‘§b%’e§n WBER Sloppd
nmay be cbotni sufdeg wesd bien adeartagehadiade e flupRribi #i¢l @hbbeheant be
size of the ortts atr sma{l, t he pgeumatlc_ . o
conveniently withdrawn through the bottom opening due to the gravitational force.
In other words, the dead volume in the chamber is reduced or minimized with such
a sloped bottom. While the bottom opening is shown to be located at the centre of
the chamber in the figures, this is not necessary. The bottom opening may be
relocated off centre. As long as the bottom opening is at the lowest level in the
chamber and 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 sufﬁcient'amount of
liquid to be received 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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conduits and the coupling between a pneumatic port 410 and a
pneumatic conduit 18 for selectively applying a pneumatic pressure
may be provided in different manners. For exanple, other types of
coupling arrangenents may be used in different enbodinents [0092] I n

differen odi me differe t base, st at]j nnect ahl e

Fo the. ot Baig Blstief ke i Rowpdclabbfid aitstlian fa SR rebarr e
pressur es‘.o:tmamhfect@@aiwpm l@é&ngqumum@rts 410 The base station may
i nclude a base configured for coupli ng with the cartri dge body 400,

Gt oct 1 vS9GR it SRR hahonat el BeddetmetaarB N AL 8t b botme

base st afpoabn@nth@lcaRriddie bodle4om! YRS pBas im 65if6hddPeidewRERWIRA S
condui t ;Db rne ul ati nrl S%BI’:] él[ﬂpw d fl 0\‘/)v therééfﬁé}]gug’h A econ\ftvr ol l er may

be provi @éﬂ‘qtépoé@ﬁtth%ﬁlzﬁr@éthﬂd@dé[t@@n of the valves. Each pneumatic
conduit may be connected to two val ves, which are in turn connect ed

to two dlédﬁ]entﬂ@ﬁéswrﬁoﬁjﬂwcﬁé séérherifl?rmaﬁ@ Bbtitsn ottidrshod1RH

pressure and’t he ot for applying a second pneunatic pressure omer
t han t he rémpwableAsdieniaesablessthattheswrtridge #06amaly bé epevenieritly retused.
pneumatic pressures is sufficient to cause fluid transfer between the

chamber S 68 he Wf]ﬁlé' E’c%rectrﬁ}f cgm&yagadm\éw@é a{ﬂ&ggé&“‘d 't\géerplbfﬁlégenta

pr essure (such as press I ne Qum | ne
first pr @b@mberSmaTy’o eolatedgherliquidarin alifterantoisgrhieers, dmdy bhesuffeenidhat at

pressure,, ne. at re.. | odi ment s.. .hat.h
bt casur o SHRLe Brt e Bl ed ARRoRBGHE GPRBLRE: o o #7875 aRBLS His Fihsst 1
separ at elgvepinothiederdintiers At Bghattard inetdonhbetedaBughahaiocbnnébtingpehduitd
pressur %zﬁnd the val ves may be automatically or manually controll ed.
[ 0093] ow can be understood, the nethods and apparatus described -
herein can be used to transfer and process raw biol ogical materials

that con{Gda®]getiels potobedessarydthatdgepump Af pRvidedewtthiaasdtatiort 102heFor
target genes be extract ed usi n t he sane rat us

O 1 Por e B R vTea Al B By | T asarinal DBl s es APb B et s

descr i bedppigrpeishive Wi srassurs el e @dAn dlhides va&luns so e Uha &\g&b%
types of body fluids, and the Ii The target genes can be

mRNA, pr88&in, or the Iike. [0094]Exenp|ary embodi ment s descri bed
herein can be used in various applications, including as part of a

clini cal [6B90pOi M -tBé - &AbEdiHeRRASRo®h a@NEf idfSwings, the cartridge 106 may
include six to eleven fluid chambers. In different embodiments, the number of
chambers may be different depending on the particular application. Further, it is
not necessary 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 direet!y 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
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system for sanple preparation in research or clinical use, in
forensic studies or sanple processing, in the field of disease or
medi cal research, in the field of chem stry or biological research
such as nol ecul ar chem stry research, or in other simlar fields.
[0095] Qther features, benefits and advantages of the enbodi nents

descri bedorfwl&ltmelp@pp@x@r@ﬁﬁémm@ﬂe@m rﬁé}PN@ fAiticaan didesrd hethets. om
this description and the drawi ngs by those skilled in the art. [0096]

Of cours Orteﬁ‘é‘“ﬁ%%vgth&éwefso@ﬁ C@Hﬁkﬂ?ﬂ AERNGeAeRts) A¥nbedised e different
il ustratdmpdhbstsand in no way limting. The described enbodi ments
are susceptible to many nodifications of form arrangement of parts,
details and. order of operation. The invention, rather, is intended to

encorrpas§ 0921 s e Kiffesentrerabadiments, endifierens bass station shafds icsaredigblete

I
(t:)oglyrrglefl ni ng 4d5r ego }Sae;rlljdfo Sg?eg l\%rP;e E%'%?:né pg%\rﬁh%?cgg%@géesaq gge
with.a sebhéamaars é’lﬂal}hecwghq)mmm Tloe aam\sﬂamm 'mayc:ndddéta Hdseaogfigwadd
I f t f t irst
Fop. opent NG HRG AT et SBEErP A grebdiatc P B BBH A ber e
fluid coforwoupkig @ith pbrft§l4$mcﬁsé!eét$}elmﬁly the preeefdicqhesdiess fhesugh the
haV|ng a second top and a second

receivin ond | d, i
bot't om og%%? ng -sal oe PBeenstefien HR¥ ARy Neude lMaéVe@oﬁﬂ%hF@&f‘?‘?fﬁ dviet A
sai d SeC%Hé’urﬁQf‘ é con‘f’dl}lﬂ‘o"r ‘i'eéihé‘ﬂ‘mffhé ﬂ"(ﬁld rﬂ%@sﬁih\&élﬁro%ghh'A@ohtr@“@r%ay be

having a third ening and a third bottom opening, saidt top
openi ng PrVidag f@r@@ rtheamﬁoatm c@fhthgmadyesmE@pm@meum@tmoondwt may be

connected to two valves, which are in turn connected to two different pressure
devices, one for applying-a first pneumatic pressure and the other for applying a
second pneumatic pressure lower than the first pneumatic pressure, so that the
difference in the pneumatic pressures is sufficient to-cause fluid transfer between
the chambers in the cartridge. The pressure devices may include pumps, a
pressured gas (such as pressured air) line, or a vacuum line. The first pressure
may be higher than one atmosphere and the second pressure may be lower than
one atmosphere. In some embodiments, both pressures may be higher than one
atmosphere. The pumps may be separately provided or integrated with the base
station. The applied pressures and the valves may be automatically 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 biologica! 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 forenSic studies or
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a connecting conduit above each one of said first, second and third
bott om openi ngs, said bottom openings in fluid conmunication with one
anot her through said connecting conduit, wherein selective
application of pneumatic pressures to said chanmbers through said
pneumatic conduits transfers a liquid fromone of said chanbers to
anot her sampief praessiohainbhes fiekr oligisease cbrcmedieat resgacdndoi the fRld Tdfe

nas & bobt SRR bifodta Tl it GryrAeRirne el st Ghan o of

sai d eachintikbafidlgs. 3. The micro-fluid device of cIa|n11 or claim 2,
wherein at | east a section of said connecting conduit is at a |evel

above a Liguid lLevel said c 4. The ro i dic device
any one k#tﬂ,gh i QEhGir f?ﬁp”é gi% %%PHV%HEQS%B{%\% {%‘@f? g &’?

a bot t onhpgeir h&%xp@é&lﬁn@htﬂ&{e@ Vel @ b %@b@ﬂ@&b@ﬁtﬁ@ée@?&@ﬂ@ﬁtahag
conduit defined ¥wsa| m ddl e and top portions. 5.

ni cr o- f | thedirawingsibydhege shilladindhe aerein at 1 east a sectl on of said
connecting conduit is adjacent said top portion. 6. The micro-fluidic
devi ce ofgp8fi Mot &urké, a'tﬁB %bdyﬁeﬁéééhb%%' @n*tﬂalrﬁéﬁig' Qrgzs i gnééd 4o be
chanbers_are” adj acent said top portion. 7. m cro-fluidic device
of any oflestativeloalynendiinire way Viméing: nTrmﬂ@cpbed smbodimfsfts araisusceptibld

bottom p f f to
70" wher oef modneaidTufibha, sl th ping ol Ao Ry 8 e
bet ween ¥hé dn¥antisn, pﬂher amdnteaded fto restcompasse pEinsud, mdifieation vethird uist
extendin N Sa nd port and said second top opening, and a
third co 3’ %§§ (ﬂ?%ﬁ%%ﬁﬂ%@n said third port and said third top
opening. ‘9. The mcro-fluidic device of claim8, wherein said mddle
portion defines a fourth conduit extending between said first bottom
openi ng and said connecting conduit, a fifth conduit extending

bet ween sai d second bottom openi ng and said connecting conduit, and a
si xth conduit extendi ng between said third bottom opening and said
connecting conduit. 10.The mcro-fluidic device of any one of clains
4 to 9, wherein said top, mddle and bottom portions are separate
portions, said mddle portion being sandw ched between said top and
bottom portions. :
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ii .The mcro-fluidic device of claim10, wherein at |east one of
said top and bottomportions is fornmed of a flat sheet. 12.The

m cro-fluidic device of any one of clains 4 to 11, wherein at |east
one of said top portion and said bottomportion is nade of a plastic
material. 13.The micro-fluidic device of any one of clainms 1 to 12,
wherein said body defines nore than three inter-connected chanbers.
14. The m\WHATISICOAIMERVS:ce of claim 13, wherein said body defines
six to el even inter-connected chanbers. 15.The mcro-fluidic device
of any orfe Afmictafluigic Hevioe lcbmpisitigei n said liquid conprises a
reagent, a buffer, a sanple, or a gene binding conditioner. 16. The
m cro-fl ui dicad‘f‘ﬁﬁj fiffngany one of clains 1 to 15, wherein at |east
two of said chanbérs contain different liquids. 17. The mcro-fluidic

devi ce of any one i t.0: el t t

sai d body is nade gést,gée%gﬁ@gég.tﬂx{%%ﬁgm%ﬂ%p gft ?1 %%%?géacl%\i/ig@é dogg%?‘;é}dm
16, wherein sai d pehspesitoconpleits esprpoimatiarcoadait throughpsdiy 6e@lt hy|

nmet hacryl ate). 19. The micro-fluidic device of any one of clains 1 to
18, wherein sai d sedlrsti chamdnbe fof rexepliras i forsintidudd,i ldving?@. fiFstetop opening

m cro-fluidic device,of an ne of clains 1 t 9, wherein, sai.d hod
defines a gene ext Fat Br Eh&%ia%{?gpfn s%?%‘"&néalﬁﬁt‘%rﬁt:t@rp deghter i
containing a gene exhmadicatio®h Baid st gorf;l ui d communi cation with
said connecting conduit. 21.The mcro-fluidic device of claim 20,

wherein said body debtowsciarib@E FecehdiiP8seadil Aquiashavindiaseesnd fpch
in fluid communi cation with said gene extractor chanber. o
, opening and a second bottom opening, said second top opening in

fluid communication with said second port;

a third chamber for receiving a third liquid, having a third top opening
and a third bottom opening, said ' third top openirng in fluid
‘communication with said third port; and

a connecting conduif 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 chafnbers 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 clai:ﬁs 1 to 3, wherein said body
comprising a top portion, a bottom portion, and a middle portion, said chambers

and conriecting conduit defined by said middle and top portions.
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22. The mcro-fluidic device of any one of clains 1 to 21, wherein
said device is a cartridge. 23. The mcro-fluidic device of any one of
clains 1 to 22, wherein said pneumatic conduit conprises a needle.

24. An apparatus conprising a device as defined in any one of clains 1
to 23, and a station connectable to said device for selectively

appl yi ng HnenaTmidre-fRids §aVies of Slamiit wRERIFPSTISadt b @b SAGHIdRGAhSCRly
sai d device. 25 The apparatus of claim 24, wherein said station,
conprises: @PNeHHds adasenysadopportidupl i ng with said device, a
plurality of pneumatic conduits nounted on said base, shaped to

coupl e t @ sehdmp@bifBididEOUE oF@hih 28R cRiME W Headid sgﬁlvt'gﬁﬁ)géﬁir@‘égﬁlsgﬂ

to said base, and a plurality of valves each connecte 0 sai d
pneumat i ¢ cawmbers aroadjgegrdsaidiepportiogul ating a fluid fl ow through
said pneumatic conduits. 26. The apparatus of claim 25, wherein a

first sety thegﬁii?romdiﬂi 'd-etv%eocﬁf é(@) }Sﬁé.oﬁ‘r&éiﬁgnﬁ%tbe%ﬁé?eﬁ %éi& Z:t;orts are -
pressure device for selectively applying to said ports a fir
pneumat i ¢ plafioed by saithibbttons podind. set of said plurality of valves are

connected to a second pressure device selectively applying to said

ports a gec 1 i e 0 : sali irst. R
P essur e 23 PRES ARG de e SRt o ML 10T bl aid BB bfien
pressure i ddiinghea firstacormhit axtendipgebetweandsaiadi fitsis eodnang rezitheirstctop

pressure is_l| r _than one atnmosphere, 28. The, aratus of, cl.aim 27,

Wher ei nsai WPl Bsp SSEARE AP eming heivesn S5 He00d #PB Hdsaid Seepnd

sai d secondopobpssingeantey ittt CHNit skeshdig/iBstwesh BEIIthird port and said third
top opening.

9. The micro-fluidic device of claim 8, wherein said middle portion defines a fourth
conduit extending between said first bottom opening and said connecting
conduit, a fifth conduit extending between said second bdttom 6pening and said
connecting conduit, and a sixth conduit extending between said third bottom
opening and said connecting conduit.

10.The micro-fluidic 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 elevén
inter-connected chambers.
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29. The apparatus of any one of clains 26 to 28, wherein said station
conprises a controller for controlling operation of said valves and
sai d pressure devices. 30. The apparatus of claim?29, wherein said
station conprises a conmputer in conmunication with said controller
for controlling operation of said controller. 31. A nmethod of

oper at i nd 5t Tiee deiviocfuidit dewceoné afy chaiofscidiniso 12th, 1Whevherdin adaid diasitd
one of said chanmbers contains_said |liquid, conprising: c¢coupling said
pneunati c cOHERIISES & T6ag8h g2 huffes 2 saa %tqr\%@?“ea%‘ﬁavpgﬁné‘p@ rent

pneumati c pressures to said chanbers through said ports, to cause

sai d | i quiedThenfidroviufdioaeeitg d¥fanyadrk ehalERes § tholsNAidien &NBasH waabd
chanbers. 32. The nethod of claim 31, conprising selectively applying

sai d pneunsidi¢ chanakers cestaimdiffessndfigeidsai d 1 qui d sequential ly through
nore than two of said chanbers. '
17.The micro-fluidic device of any one of claims 1 to 16, wherein at least a portion

of said body is made of a polymer.

18.The micro-fluidic device of claim 16, wherein said polymer comprises

polycarbonate or poly(methyl methacrylate).

19.The micro-fluidic device of any one of claims 1 fo 18, wherein said seal is made

of a plastic material.

20. The micro-fluidic device of any one of claims 1 to 19, wherein said body defines
. a gene extractor chamber, said gene extractor chamber containing a gene-

extractor and being in fluid éommunication with said connecting conduit.

- 21.The micro-fluidic device of claim 20,‘wherein' said body defines a product
chamber and 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 pneuMatic pfessures

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 plurality of pneumatic conduits mounted on said base, shaped to couple to

said ports through said seals when said device is coupled to said base, and

a plurality of valves each connected to one of said pneumatic conduits for

selectively regulating a fluid flow through said pneumatic conduits.

26.The apparatus of claim 25, wherein a first set of said plurality of valves are .
connected to a first pressure device for selectively applying to said ports a first
pneumatic pressure, and a second set of said plurality of valves are connected
to a second pressure device selectively applying to said ports a second
pneumatic pressure lower than said first pneumatic pressure.

27.The apparatus of claim 26, wherein said first pneumatic pressure is higher than
one atmosphere, and said second pneumatic pressure is lower than one

atmosphere.

28.The apparatus of claim 27, wherein said first pressure device comprises a .
pressure pump, and said second pressure device comprises a vacuum pump.

29.The apparatus of any one of claims 26 to 28, wherein said station comprises a

controller for controlling operation of said valves and said pressure devices.

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 abp!ying 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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