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'agnostic system for carryrng out a nucleic “acrd
sequence anplification and detection process The present invention is
concer uclelc acid. 5 (NA) extraction and, i sfodesge . an
|ntegrgﬁngPg§60n a" .chip diagnostic system for carryrﬁgﬁgtt conbi ned NA
extraction and concentration. The system nmay be used to carry out a NA
".sequence anplification and det ecti on- process. on a fluid sanple containing

cells. to There is considerable interest in the devel opment of sinplified
assay systens for detec1|on of . blgloglcal nDIecuIes wWhj ch al l ow an
unski | | ed user hE SYSLam Tok 6 ‘ 2 PREREIC ndue error.
Moreover, thef&d Sedan leyglgpent  of
contalned assay 9 ; = gui d- reagent s
and whi ch can be autonated to allowth assay procedure to be perforned
with mnimal intervention fromthe user and. preferably also mniaturized
to prOV|de aThenpeasent igvenkion %6r°®6¢ﬂ¥nﬁﬂ vath neglehg aghgs is

partcul '\ [ th d I di agnosti cs,
mher% t é e&ELgﬁegé%rg fn2§§%£$ i%r |§é.%an§§§§y&s¥% é@gﬂhlch can be
efflCle&hh§ angdgrobeiy §?§téﬁeﬂoﬁﬂbﬂrﬁyiﬁg d@ﬁtébmﬁlﬁédgnﬁy the clinic,...
the veterinary surgery or even in the Eatlent s 25 hone or in the field.

e

M cr of aBktEacedon| andoqoncempatu@mc her syakenmi maycbe vesedptodon for
hand i nga8yY: R, 8RR RRuRraEE SAmE ATt aPREn, BESCHELARF AL ARt S8 s, o
signifi¢ank fadyangaﬂﬁléOéoﬁtgigghgabelgggt|ons,mhlch requi re expensive

{10
L

There is considerable interest in the development of
simplified assay systems for detection of biclogical
molecules which allow an unskilled user to perform complex
assay proceduresrwiﬁhout undue error. .Moréover,rthere is a

15 great’'deal of interest in the development. of contained assay
systems which require m;nlmal handllng of liquid reagents
and which can be automated to allow the. assay procedure to
be performed with minimal intervention from the user, and.
'ﬁreferably also miniaturized.to-prqvide-a convenient system -

20 for point-of-care ‘testing. This is particularly relevant in

the healthcare fleld, ‘especially dlagnostlcs, where there is

TN

annincreasing need for biological assay systems which can be

effiéigngly,and safely operated within the doctor’s surgery,

the clihiér.the'veterinary surgery or even in the patient’s
25 home or in the field.

Microfabiicated "lab~on-a-chip" devices aie an attractive
option for carrying out contained biological reactions
requiring minimal reagent.handling by the user and also

30 permit the use of small sample volumes, a significant
édvantégé for biological reacticns which require expegsive

reagents.



!
reagents. 24-JUL-2006 17:26 FROM BWI LONDON TO_0065653 4 P. 05/ 87 A]
200BLOFRE9 1L 7PES ' /RREMOGHT 000BBB -2-  To achi evé’p gfﬁg%%g?cation angwg/g?
preconcentration, analytical chem sts have generally resorted to sone kind

of extraction procedure. These nethods invol ve renmy. kﬁﬁﬁ@?h 5 anal ytes
of I NnWer20080T36:mM t he sanple matrix, or alternativel QC% -°ﬂ'§°%\l | ot her

species fromthe sanple matrix to | eave behind the analytes of inter
Extraction processes can involve fyansfer of species fromone |iquid hase
- to another, or the capture of species froma liquid 10 phase onto a solid
surface. In the former case, preconcentration of a species is generally not
achi eved, unless solvent is actively renoved fromthe phase containing

that species. in_the latter case,, however, preconcentration can be

achi eved, i ffq achdezeabathapuzificatagnaprnd precengsntsasiongh' , to bind ,

~ h A ' h L uti ' Wit h th f
ot any pRaYELEeY ReRLER' BRSE geRekATiy"Berrsiant " BBNRY S48 8 the ol 1 d
phase  extiraetddny progédureaNOYhesal nBLHBAS iRvelYePRARVAANEAEhAN IS an,

i nportant aspect of the nucleic acid sanple pre 20 treatnment procedure,
sol §d pnadytes ofcinderest feom theéopempleAmagirixgstabl i shed nucleic acid

t i d,.l | vi bi_ndi f DNA t i ticl inth
o coonBA VAL Wpdgly SAPEVARonE1Ls BERBEAPEE IS, ERORIRE BRBRISI of . 1090,
28, 498med3k tBQeBW8SBRhih YQBEiQRaiPFQEVS% 2atielead’.al EaR raktionol i d-phase

extraction nmethod for DNA into mcrofluidic devices. In the present

inventpmmdﬁﬁsaancantﬁnnoane teansferr afi specdy sbé romionecdigedd
phase to anothé;, or the capture of species from'a liquid
(”10' phase ont6 a'solid;surface. In the qumer case,
preconcentration of a species is generally not achieved,
unless gpl#ent is actively removed from the phase containing
that species. In the latter case, however, preconcentration
can be aéhieved,fif“(a) the available binding area is large
1S enough to bind more molecules than are present in the -
solution in contact with the surface at any one time, and
(b) species can be efficiently removed from the solid phase
using Bnly a small amount of eluén;. Since preconcentration
is an important aspect of the nucleic acid sample pre-
20 treatment procedurg,-solid*phase extraction has been
{ -adopted.‘ A well-eétablishe& nucleic ééi& extraction me;hcd
involving binding of DNA to silica particles in the presence
.of a chaotropic agent (see Boom et al, J. Clin. Microbiol.
1990, 28, 495-503). The present invention involves
25 integration of a:solid-phase extraction method for DNA into
microfluidic devices.

In the present invention NA extraction and
concentration may be combined. ) .
30 -
By the term microfabricated device or system as used
hezein is meant any device manufactured using processes that



"By the term microfabricated device or systemas used herein is neanE
deviceoaanul szt urs@M usihgOomcesses that 24- JUID 2888°%873%74 FROV BWT cﬁ%é?\l
TO 006565330694 P.06' B7 WD 2005! 073691 PCf 1GB20051000308 .3 . are

typi call not exclusively, used for batch pro CiRO0Ms/B6036 M conduct or
o 434

m cr o "devices, and in recent years, for the production of

sem conductor m cromechani cal . devi ces. Such microfabrication technol ogies S
include, for exanple, epitaxial gréath (eg vapour phase, |iquid phase,

nol ecul ar beam netal organic chem cal vapour deposition), l|ithography (eg

photo-, el ectron_heam, x-ray, [(on_beam), etching ée chem cal, gas phase,
pl asnmapreeft F@&gﬁbsPFFOH?tsﬁﬁFhBFFNQiniFﬁegigﬁrdb Fgﬁ and ion 10

pl asmapF eltdR FoRoEspEEL U . _ 1o
i or of BoPRLRtAgn, 8 BexEBabhELE hifPoBRbet fBkS < HERBBe, DRAITHT  nauct o

substr geeentuylars, fTokri the prodattivm afseeideonduthoikhe advantage that
electronic circuitry may be integrated into the s§§ten1by i 5 the use of
convenPiggemechagjcaledevicesit PUBh macrofabracasignesechnabpaiesons of a

ol o SReatlEe EETRAARYe EbEraRTRT o vER e 1a%: EPERE BABHY Iy tsed” and
i ntendgglquia phalse, WmbleBulle Beaps fAbtalheryanic2ehemicalabapsated used

herein. Also intended to fall within. the scope of the termm crofabricated
are pofgpegitiondp| ldkbographyr éeg Pbetexanplectzonr hbeamtrl i Kera¥mi conduct or

bact er L1 BERRS) 3, $40hEhe"TaB: FoBtna” 28  pBres’ RIRERE  orcas of
t echnokggrtrodepssition, cxpibteridiyaoaesifusion aoyihgNERAL 2bnoni toring,
forensi cs_and nol ecul ar bi ol ogy - T
10 implantation. Although non-crystalline materials such as
( glass may be used, microfabricated devices'are typically
formed on crystailine semiconductor substrates sﬁch as
" ‘silicon or gallipm arsenide, with the advantage that
electrdhic éircuitry.may be integrated into the system by
15 . the hsé of conventiﬁnél integrated circuit fabrication
techniques. Combinations of a microfabricated component
with one or more other elements such as a. glass plate or a
complementary microfabricated element are frequently used
and intended to fall within the ‘scope of the term
20 microfabricated used herein. - Also intended to fall within
. the scopé of the témm Imicxofabricatédféfé polymeric
& replicas made from, fér example, a crystalline'semidondﬁctor

substrate.

25' The isolation and purification of DNA and/or RNA from
bacterial cells and virus particles is a key step in many
areas of technology such as, for example, diagnostics,
gnvironmenﬁal monitoring, forensics and molecular biology
research. | )

30 , _ . .
Microfabrication is an attractive construction method

-for producing devices for carrying out biological processes



resear .M dr bry ' I's an attractiveygoRgtdcdeidcon net hod Farv g7
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evices tor carrying out biological processes 24-JUL-2006 17:27
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for wWoisihex@ixersel | sanple volunes are desirable, PIIGE005/@RN8sequence
anal ysi s and detection. One such device, for carrying out a polynmerasegghain
5 reaction (PCR) followed by a detgction step is disclosed in US 5,6 42.
Lanb wave punps . are used to transport DNA priners, polynerase reagents and
nucl eoti de reagents from three separate storage chanbers into a single

reaction hanber as _an en_requited to _carry qut PCR pr,ocess, (q
with' #‘)Pé" MR Yede S@Pq(l\r,]\gaf“g& i%l'&lr“gﬁgnﬂéﬂ gésﬁd:@a'e(f 2% equi r ed.
Anot heynATseliedd ANaaYsdeviapd delectdbnyi Ng out a chenical reaction step

foll owed by ‘an el ectrophoresis 1S separation step, is disclosed in !
Anal ytical chem stry 1994, 66, 4127-4132. Etched structures in a silicon

substrate _covered by.a al a | ate provide a react.i on chanbe nd
connect i oné)nteosb’lfs‘f éi?le,v“'f%dl ﬁgl,ocraé'é &nd 91‘1‘3: G BRYBGRASE: C .?voi rs, as’
wek| %%a%lﬂﬂﬁxﬁﬂﬂﬂh&bﬂib&eaobynﬁ_@EQ@%&EEﬁkﬁ%%g&%é?d%ﬁﬂfbi£§Q&yo'r~

, Nucl ei ¢ aci d sequence-based anplification Is a priner-dependent
t echn®Sody &Mat74dan Bambs edvieopunipe arec aseichtoud randpdrtc ONADN of nucleic

acids in a_singl 25 m xture at one tenperatyre isothernEﬁl nucleic acid
anpl i ﬂrg'g’ﬁréﬂ ashd TRAJERE 3hG By '%@N&em 158 on- based
ampl i finGld @ $tdeage RedmpiesBA ld4 fd ¥t dpl € and rapid
~alternative to PCR for ng?l le&?ic acl é‘rrrlgﬁr ;E?gg%hlgg.né %ncﬁls capabl e . of

yi el dichgamirer as and when required to éarry out a PCR process,

(0 with the temperature of the reaction chamber being cycled as

required.

Another microfabricated device, for carrying out a
chemical reaction step followed by an electrophoresis
15 separa;ion atep, is éiscloSed in Analytical Chemistry 1994,
66, 4127-4132. Etched structures in a silicon substrate
covered by a glass piate provide a reaction chamber and
conneciions to buffei, analyte, reagent and analyte waste
reservoirs, as well as an'electrophoresis_column connected

20 to a waste reservoir..

_ Nucleic acid-sequéﬂce-based amplification (NASBAY is a
primer-dependent technology that can be used for the
continuous amplification of nucleic acids in a single
25 mixture at one temperature (isothermal nucleic acid’

amplification method) and was one of the first RNA
txanscxiptidn—based amplification methods describéd. NASBA
normally offers a simple and rapid alternative to PCR for
nucleic acid amplification, and is capable of yielding an
30 RNA amplification of a billion fold in 90 minutes, With
“ respect. to other amplification systems such as the PCR
technigue, the ability of NASBA to homogeneously and



30 RNA anplification of a billion fold in 90 mnutes. Wth respect. to other

amplification syste the PCR techniq abjbity of NASBAd.@-
RéTOY 96 uS 2 and ™2 - f@f@ﬁ%@' 17: 27 FROM BWI Lé%D&%Eﬁgs O 006565330694 P. 08/ 87
WO 2005/ 073691 PCTJ682005/ 000308 .5 isothermally anplify RNA anal ytes

extengi% %gm |papion range fromviral di agnosti ggTicBliehsossdgi cati on of
bi ol o V|t|es such as gene expression and cell viability. NASBA

technol ogy is dlscussed, for exanple, in Nature volume 35D 5 pages 91 and
92, Nucleic acid anplification in NASBA is acconplished by the concerted
enzyne activities of AW reverse transcriptase, Rnase H and T7 RNA

pol ynmerase, together with a prinmer pair, resulting in the accunulati on of

mai nl'y %ﬁQEﬁQF@ﬂ d¥@P#¥@Yt @ﬂ%lﬂﬁﬁﬂmQ%FQﬂﬁﬁﬂ%§f1ﬂﬂP:H?ﬂié@ébtlon by

hybr i di Qg%%i ﬁRE Is AN 1 Ha oS r,d to. NASSA
resul tslzﬂfH a quantitative uc té"?%t tg’mtgl d%I ‘%%tﬁ'c{rr}gt §%nam o
range ofetfintirt idgsudiltasmyente eopitedsiion amnd Idelqatvmh:nﬁa:y | QUASERET

quantlflcatlon This method is inproved dramatically by the 15 application
of mul thashnolagy |1ngLﬁ159(?d7£ﬂ5@ /i oy exammle, sonMtatiire eddme 358 f f erent

et e, My e 7 00 ML AR SR GE U AR OO T
pr ocesawmmdd lmtmmmem@d enyire ArtAddivien off AMwe internal

standards to the clinical sample in a lysis buffer prior to the actual
i sol at iXAVRS] HEANAIIERTasfoi Rnapg 8, a@nd dch Rids pdmeras®,age that the

et Scdthed SN LA vBIS) HARRIL ENGR B o e
st andares xmmlrp mg/md-hsttﬁmwd dtmvmawe:laei readidy ¥d ersed Fdrsol ation
fromthe clini'cal sample.. Quantitative .

(‘ 10 detection by hybridization methods. The appllcation of an
internal RNA standard to NASBA results in a quantitative
nucleic acid detection method with a dynamic range of four
logs but which needed six amplelcatlon reactions per
quantxﬁlcatlon Thls method is 1mproved dramatically by the

15 application of multlple, distinguishable, internal RNA
standards added in different amounts and by
electgoqhemiluminesence (ECL) detectiothechnology..This,
one-tube quantitative (Q) NASBA needs only one step df the
amplification process per quantification.and enables the

20 addition of the 1nternal standards to the clinical sample in

~{ a lys;s buffer prlor to the actual lsolatlon of the nucleic
acid. This approach has the advantage that the nuqlelc‘ac1d
' isolation efficiéncy has no ;nfluence,on-the outcome of the
— guantitation, which in contrast to methods in which the-

- 25 internal standards are mixed with the wild-type nucleic acid
after its isolation from the ciinical sample. Quantitative
NASBA is discussed in Nucleic Acid Research (1998) volume
26, pages 2150-2155. Post~NASBA product detection, however,
can still be a labour~intensive proceduré} nor@ally

30 involving enzymatic bead-based detection and
electzocﬁemiluminescent (ECL) deteciion or fluorescent
correlation spectrophotometry. However, as these



NASBA | s. dIS [ \C Aci d Research (3998@pestokeurea 26, pages.es/87
24258 50E% ﬁﬁgﬁAggfg h@% detection, however, can still be a

| abour -i nt ensi ve. procedure, normally 30 |nvoIV|ng enzymati ¢ bead- based

det eGybAbosIsker © €ct rochemi | um nescent (ECL) det ect pOTIGB200SH00308S Cent
correlation spectrophotonetry. However, as these 24-JUL-2006 17:28 F BWI'
LONDON TO 006565330694 P..09/ B7 MD 2005/ 073691 PCT/ 632005r no0308

met hodol ogi es are heterogeneous oréthey require some handling of sanple or
robotic devices that are currently not cost-effective they are relatively
little u - _thyough | i cat A hgnobgeneous procedure in
whi ch B¢ EEBﬁﬁg?g EFFoﬁeggrggﬁEﬁggin?rm#gﬁytﬁ?géﬁrﬁnﬁPW?lcatlon by the
gener ahhRH PhoBokasiftb18PsE! Ebpofig n&t{;ﬂ‘@ékdtﬁﬁﬁ' hh&af.-ﬁrzéﬁw &gl e :
screeni ng and™f omat 1 on. Recent novel nuclelc aC| etectlon

t echnotogprebfiectiiva pheyeare(nelatuVelybbhtbhe)ubhdtfbkuhmghee only upon
hybrld atlo th their target, has been intrqduced. F|UIgICS Is the

sci enc B?ugﬂaéFdaPP YFRRiORS, eﬁahﬁ?%ge“FﬁBésPrPSP REEr PaBPiEht ed devi ces,
f'Q%’O%radE?H'aeEQEEHQH lghEOR?ﬁIQEnﬂD& gekﬁrﬁ BQl?icQEQBnSb§ed
i eve gap

reacti chambers 1's typrcally ac usli np such as a”~ syri nge,
rot ar ythengeneratéohaofed targetrspepifisusiqnalrweuldxfachalitavet he device.
Al ternativel m cro um chanber, or_l anb ve punpi ng
eIenenE@rﬁﬁvzﬁéfepFGVFGgaggsaﬁgr¥ f apkomatien- |t§§FPnt£§heP conbi nati ons
20 of C e n [ va a arged vacuum
and préég§$eﬂgﬁgn%gréeg§ya téggggﬂtg9c§g§?§8¥ hggéﬁoaﬂoPgéﬁggds t hrough the
react i ¢gmoteaubarsbeatbhe) bhabaflaosedoe bnapsppbhlhgbt&didatﬂbhh|n t he

systen1 i ncl ude eltectro-osnotic flow 25
( with their target, has been introduced.

Flu%diCs is the science of liquid flow in, for example,
tubes. For microfabricated devices, flow of a fluid through
the one&or more éet§‘of micro or nano sized reaction

1S chambers is typically achieved using a pump such as a
syringe, rotary pump or precharged vacuum or pressure source
external to the device. Alternatively, a micro pﬁmp or
'vacnumAchamber, or lamb wave pumping elements may be
provided as-part of the device itself Other combinations

20 of flow control elements lncludlng pumps, valves and

{ precharged vacuum and pressure chambers may be used to
control the flow of fluids through the reaction chambers:
Other me&hianisms for transporting fluids within the system
include electro-osmotic flow, S e e - -

International §atent application publication no. WO
02/22265'ré1ate§ to a microfabricated reaction chamber
system, which may be used in a methed of carrying out NASBA.
International patent application no. BCT/GR02/00594S relates

30 to a microfabricated reaction chamber ._system and a method of
| fluid transport. The system may alsc be used in a method of
carrying out NASBA. International patent application no.



——+pternati onal patent application publication no. NO 02/22265 relates to a

&Y

i cr@_}‘_%gé%ﬁ?_;:gﬁsr i@éﬂ | QR chapber system whi chroveseebesIzedH in . a metfrdl oF

BA.  International patent, application no. PCT/ G302/ 005945

relates 30 to a mcrofabricated reacti on chanber systﬁﬁh@ﬁ@mgl hod of

fluid tworepsim™e9l The system nay al so be used in a ne
I nternational patent application no., TO 006565330694 P. 10/ 97

NASBA.

yi ng out

24- JUL- 2006 17: 28 FROM BWI LONDON WQ42005/ 07691 PC71G120051000308 '7
--PCT/ GB03/ 004768 relates to a mcrofluidic device for nucleic acid

fragnmentation. The device may be used in or conjunction with a

m cr of abpCPAGBO3Y004T66N rehanber toy at picrbEiutdity dagicet £ASBAc1eiEhe

present invention provides a Sésten1tor carréing- out a sanpl e preparation
process 8fig fragmedsasion. cofhgi APN4CEeMRY BRJPERApARt P&l es, the system
conpri si

of cells

Bndphet i8R, WakE! o' ALcRoEhHLdcSRE $2adfibR) cranbisl SydiEh for 1vSiS

particles ntai ne sanp l eic acid

extracti gorucarrirdngesutaNasan.of nucleic acids fromthe cells and/or
particles contained in the fluid sanple; 15 (d) a reservoir containing a
lysis®fluid; (e) a reservoir containing an el uent for renoving nucleic

Tt is in i FieqPESARY ChyeARIGR: RECYARH, 8 eYiten YBF Babrvifig’ T |

i nl et

isinf

conmuni Cation: n | val ve

~ being. preaena samplet bekpaz@tiba pkovwesk bhuiadfibgdekampaen; wherein the
lysis unit is in fluid_comunication with

(w 10

15

] 20
L

25

30

containing cells and/or particles, the system comprising:

(a) an inlet for alfluid sample;

(b) a lysie unit for lysis of cells aﬂd/or particles

contained in the fluid sample; |

(e) a3 nucleic acid extraction unit for extraction of

nucleic acids from the'cells and/or particles contained in

the fluid sample;

(d) a reservoir cohtaining a lysis fluid; .

(e) a reservoir containing an eluent for removing nucleic

acids collected in the nucleic acid extraction unit;
wherein the sample inlet is in fluid communication with

the lysis unit, an optional valve being present to control

.the flow of fluid.therebetween:

wherein the iysig unit is in fluid communication with
the nucleic acid extraction unit, .an optional Valve“beihg
present to C6nt;6l~the flbw-oflfluid theiebetween;~

~wherein the reservoir containing the lysis fluid-is in
fluid communication with the lysis uhit,'an optional valve

being present to control the flow of fluid_therebetween} and

wherein the reservoir containing the eluent is in fluid
communication with- the nucleic acid éxtraction unit, an
opticnal valve being preseﬁt to contzrol the flow of fluid
therebetween. | .



the nucleic acid extractlon unit, an optional 'valve ' n present {o
cBATIbI2%he Wiy 50N GVH PP ebet ween wherei n t'He %‘f’@gg?% fr contai ni nt}"Fhe
lysis fluid is in 25 fluid comrmunication with the l'ysis unit an opti onal
val ve wiocioosmesasent to control the flow of fluid t hECEHIGR2MNSHN0N NG wher ei n
the reservoir containing the eluent is in fluid comunication with th

nucl eic acid extraction unit, an (uglonal val ve being present to cont

.the flow of fluid 30 therebetween. 24-JLL-2006 17: 22 FROM BWI LONDON TO
006565330694 P. 11/87 WD 3005! 073691 PCT/ GB200S/ 000308 The system can be .
used on ni || irthi! 59stafPLanvBkuiBad eh m&w&n&e:@ %ﬁﬂﬁih' Yolube’ Fhi em
relies on certain“reagents .being pre-|oaded e present invention
nuclelcnmmudnexddaqnpenlasd Ehaceusmamlmalaaﬁ ba -cemtaiad reagemtd ngly, the

-present |nvent|§n E vides an integrated |ab-on-a-chip diagnostic system
for car Ie preparation process. The system may be used in or
in conjunction with a (- 10 microfabricated reaction chanber system for

carrying out NASBA. At | east some of the conponents of the system are
pref&rably nﬁnr@h&bpkeaEaﬁ iﬁvehenahlmucﬂbéclysid euttacth@n Ehdnucleic acid
extraction unit,  -the

fl d.t | '
nlcrofaﬁppfgpgaaﬁﬁﬂnlﬁgggggt€§l %ggerngﬁgagaﬂgie o n §%§§§&;?;r ?Lg
reserVOhhv@ﬂﬂE%h“EQBV&E@sl&ﬁ'§nEEngtb3 FEBLQBaQLEhI%gdﬁ? logitd.

conmmuni cation with the inlet ptional valve pr ésent . to control’
t he flowywtemlﬁod cherybogweat. aTbampéeeprepara&dbalpzngesme elThent is

.preferably . in fluid co nicatiQn wt I nl et, n-optional val ve bei ng
25 preséﬁé Tt 8I“?Egyﬂpoﬁroﬁan8P “Pﬁgﬂgﬁeyﬁ@gn |
(alo microfabricated reaction chamber system for carrying out

. NASRA. ‘

Af?ieast some of the components of the sysfem are
préferébly'micrbfabricated. .Preferably, the lysis unit, the
15 nucleic acid extracéiéh unit, the lysis fluid reservoir and
the eluent reservoir are microfabricated and integrated,
i.e. formed on a common substrate.

The reservoir containing the lysis fluid is preferably
20 in fluid communication with the inlet, an optionai valve
being present to cbntrgl'the flow of fiuid therebetween. -
| The reservoir containing the eluent is preferably in
fluid communication with the inlet, an optional valve being
25 present to control the flow of fluid therebetween.

. The éystan éccording to the present‘invention will
typically further comprise‘}g) 2 nucleic acid.reaction unit,
wherein the nucleic acid extraction unit is in fluid

30 . communication with the nucleic acid reaction unit, an
optional valve being present to control the flow of fluid
therebetween. Preferably, the nucleic acid reaction unit is



The system according to the present invention will | ly furthep_ 12,97
el +Z@e ( g): 28 nUEDR| BWREPEMNeacti on unit, wh eiage%%géééggl ei ¢ aci db .
extraction unit is in fluid 30. communi cation with the nucleic acid reaction
unit,_an gﬁ%k nal val ve being present to control tRETAIBIMSHONS i d

t her e . pPreferably, the nucleic acid reaction unit is TO 006565330694
P.12/e7 24-JUL-2006 17:28 FROM BW, LONDON WD 2005/ 073691 PCT/ GB20051000308
9. nicrofabricated and preferably integrated with the other conponents.

" Zny conventional reaction.may be carried out in the reaction unit.

anpl i f tdet keRQtdedt UBAL . ExERpLezab

T Aot 53k SR bbb BRAHLS 4AEBAFRLA, HieRPRRE pepha O, peauene

t ypi caldomponeints.seahyndohventdendlseadencen AP bei ecatrirgedasdtdehect i on
uni t, which enabl es detectlon,pf‘sReC|f|c sequences by a nucleic acid
¥y utihe popackioni valdeemableanplification

t echni qus h The [ st pref dis real-ti NASBA usi ng
ol eculATSEAEIST SRECAFAEn SRy bt BRaueRE, FbHTkx, bRt Feceny

i nvent iapalyRieyi deheahuceder aced kalceion- ahip @idaneypieailytem for
carrying out a sanple preparation, nucleic_acid sequence anplification and
det ect (CORPFiSCe & nygleirt acdds seguencs, amplifihragion phdadetectisnticl es,

nore pr.ef.qer abhy ke [ nt.@r ' phi.cation
publica ﬁ%ﬁ %@&4h5%58§}§§2ggégggépbbég gﬁ%#g?gkagghggbg%%r% c?ion chamber
syst empuilie icaraciidn ampl i £iléaEAon2@edbeionst eEkampled igdladen®CR esent

invention, preferably. involves 'concentration of, for exanple, infected
epi t helansl igathermalspaplidicatias: reFhbianeRASUSHd 35 MASBA: e Thepl i fi cati on

andgdetoclyl Yreferred is real-time NASBA using molecular beacons.
Accordingly, in a preferred aspect, the present invention
provides an integrated lab~on-a-chip diagnostic system for
carryingwout a samplé preparation,lnucleic acid sequence
amplifiéation an&,detection-process,on a fluid sample

15 containing cells and/or particles, more preferably real tine

NASBA. International patent application publication no. WO
02/22255 describes a microfabricated reaction chamber system
for carryihg out NASRA. .

20 The system according to the present invention’ .
, preferably,involves*congentration of, fér‘examplé, infectéd
&, epithelial cells, lysis and extraction of mRNA, and real-
~ time amplification and detection. ' ”
25 The system may be used for the screening of cervical

carcinoma, for 2xample.

The system according to the present invention will
typically further comprise (h) a waste unit, wherein the
30 = waste unit is in fluid communication with the lysis unit, an
"~ optional valve being present to control the flow of fluid



25 The system may be used for the screening of cervical carcinoma, for

exanml-eqzclhe;:syst eppacear dipgyt o the present i NbdQP=W typi cal l
“further conprise (h) a waste unit, wherein thengg %%f?éﬁ%ﬁ$ﬁ is in f“ﬁfa/87

comruni cation with the lysis unit, an -optional val ' ent to

cont r¥0 2005073698\ of f| ui d 24- JUL-2006 17:29 FROM Bmg%m@ﬁ%%wwes%
P.13/97 WD 2005, 07691 PCT/ G82005/ 000303 10- therebetween. Preferably he
waste unit is mcrofabricated ‘andigreferably intégrated with the oth
~.conponents. The' systemwi |l typically further conprise (i) a 5 reservoir
cont ai ning a washing solvent, which reservoir is.* in fluid communication

wi t h tthereke¢tveenci dPraferatlyn thei vaste epit ohslmiatefabeiogtedesent to
-control_the flowof fluid therebetween. Preferabl t he reservoir

cont ai ﬁ’i"%gpr‘?#%rmi%i HCEIrIted with; EE% ‘Pé‘&ﬁ c%?’@éé%‘ﬁﬁgﬁr eferably 110
integrated with the other conponents. The washing solvent may be. chosen
fromany suitable solvent, but preferably is one which can be readily
evapor at ed, Ther sestepl @ikl aypmicalhy fystrervcompripecédi) yaf urther conpri-se
(j). a 15 resefvoir coptai ning a washi ng,. sol vent, . which reservo|r is in
13 d ESHREFP LR FOREIMRIPT R YR ERG %gjr\ﬂe’éh r%é\gnreﬁﬁif??.lﬁn‘-%pt i onal

val ve pei ppyPg eé@ﬁuﬁ?cgf’ﬁl‘é %iél@etﬁéoﬂ‘ﬁﬁiei{:' H&ﬁd?@fﬁ?ﬁ%ﬂ‘@ﬁ”- Preferably,

the reservolr contalnin washi ng solvent 1s mcro ricated and
pref eranlty, | an eoptieniaPOvalvé bHéingt preseptpboecodstrdhethasfilag sbl vent may

be osen from any suitapl e, solvent, t preferably is one which can be
readfIgg%yipEP%fgé?t¥%?#gxa .€9F§%§Y0pﬁgglFg§ﬁ€79%§e¥9%F?lﬁbﬂﬂaihing t he
ol uentehe MURIMEOLONSENL P9 dicfbrhEr FONERAI SAL ?f'ef‘éiﬁbl?e reservoi r

cont ai ni ng the i rst washing solvent (eg ethano and/or The reservoir

(“10 integrated with the other components. The washing solvent
may be. chosen from any suitable solvent, but preferably is

one which can be readily evaporated, for example ethanol.

The system &il} typically further comprise (j) a |
15 reservoir containing a washing solvent, which reservoir is
in fluid communication with the nucleic acid extraction
unit, .an optional valve being present to control the fiow_of
'fluid therebetween. Preferably, the reservoir containing the
washing solvent is microfabricated and preferably integrated
20 with the other components. The washing solvent may be
( chosen from any suitab;e-solvént, but ﬁféferably is one
- which can be readily evapqrated,~for example isopropanol.

The reservoir containing the eluent- is -advantageously
25 in fluid communication with the reservoir containing the
'first washing solvent (eg ethanol) and/or the reservoir

second washing solvent (eg isopropanol).

More advantageously, the eluent, the first washing
30  solvent .(eg ethanol) and/or the second washing solvent (eg
ispp;opanbl) are contained in a common reservoir. This may

be achieved by separating the eluent, the first washing



?§QR£ Eﬁgsq}qg%sq&%ﬁn%qugNﬂﬁppropanol) More agdvaptageaasky, the el wendar

ing 30 solvent (eq ethanol) and/or the second washing sol vent
(eg isopropanol) are contained in a common reservoir. This m be achi eved
by sereoasosomedhe el uent, the first washing 24- JUL- ?@G@WW%RO\/I BWI
LONDON: TO 006565330694 P. 14/ e7 wO 20051073691 PCTJGB2005/ 0003es . 11-
sol vent, and/or the second washing, gol vent fromone another in the common
- reservoir by the use of a fluid such-as, for exanple, air. O her
"separating” fluids (liquids or gases) can be used, however, as |ong as

they argjJaRs Akt o L1k - seedfd Sdastiind ABIAAY 480 é)'fndrsh[&the el uent,

the first washing solvent and/or the second washi ng o vent n apreferred
enbodi nEmtthe heomther mtesetroit indithe ara wf tmeflmtd)rmmds,aribmont ai.ned in

a condurt or channel whl,ph |s in fl,p fcation wth t inlet and
the | yS%aNRi&, elq}gﬁ? a&'d)’cénm&éqgég? %§| ng

separ at &sh e fdé’é@' va?é‘fh a?é l%r{g %&chx%)?rafé( S ng a%lﬁsur 3 Anwl|

typically. furt her’ conprise (k) mneans I nt sanpl e
and/Sor keast rsubstantidkly igmiccidle pﬂdﬂ'ertaté yelorentr,i dibeg fiqstnp or a

syringe AI ternatively ch, .nmeans Qnpri ses one or nore variable
vol une ‘G@&mNg a]:] '?nﬁ.ﬂ'ﬁ}] e vﬁ%‘}?‘ﬁ 9 #RAVentmerein altering the

vol une of the variable vaolunme 20 charrber(s) effects and/or restricts flow of
a fluid sanple into and/or out of.the inlet. The variabl e volume chanber
typically colrpra wﬁeﬂeﬂiéﬂbd@hﬁnal’walqém athwlétthanoX ecess in the

~underlyin trate._lnternati onal atent  application no. PCT/ GB02/ 005945
descri /eP’f) %r’r%‘EP’F‘PRﬁ%& Qe‘%ygfe?nc L Q& Fhanpel

FdVﬁntwlys bn dF1YED Mﬂéﬂﬁn with the inlet and the lysis
- unit. The eluent, the ethanol and/or the isopropancl being
separaf;eq by fluid gaps such as air gaps, for example.

Thé .system rril; typically further comprise (k) means
15 ‘for in_;t:oducing a tiuid‘ sample and/or air into the inlet.
Said mean preferably comprising a pump or a syringe. |
Alternatively, such means may comprises one or more variable
volume chambers in communication with the inlet port,
wherein altering the volume of the variable volume
20 chamber(s) effects and/or restricts flow of a fluid sample
: into and/or out of the inlet. The varlable volume chamber
( typ:.cally compr:n.ses a flexible membrane overlying a hollow
recess in the underlymg substrate, International patent
.application no. PCT/GB02/005945 describes-a preferred flIuid-
2§ transport system. '

The éystem may advantageously be driven by a single

pumping system.

30 The lysis unit may have any suitable shape and
configuration but will typically be in the form of a channel
or chamber. The lysis unit is preferably for lysis of



v

punpi ng system 30 The lysis unit may have any suitabl e shape and
configuration but will typically be in the formof a channel or chanber.

The |ysi (1 | Sqpfekef ablponf oF 1ysis of TO 00656883GEHESP. t5i87 - +>/57
éﬂijybt@%oggt%’: 23 FBIROU BUT LONDON VIO 20051073691 PCTI GS2005/ 000308 12.

eukaryotic and prokaryotic cells and particles cont adyegcnesibdses | ui d

sanpl VO2P054d¥9% ed, t he system may further conprise a 5 filtration unit
which unit is in fluid conmunication with the lysis unit. The filtrati
unit may conprise, for exanple, a*tross-flow filter -or a hollowfilter.
Alternatively, the lysis unit may itself further conprise neans to filter
the fluid sanple. Said mean may, conprise, 10 for-exanple, a cross-flow
filter epkaryetievpnd Rrokaryekic Geldhcandipartictesy ¢ontatnedsin unit. |f

desire h t ' further conprise a fragnmentation unit, which unit
s in g?ﬁ%d§%§%§u§¥@§ﬁ¥bn 15 with the lysis unit. Alternatively, the lysis
unit may itself further conprise nmeans to fragnent the fluid sanple. Random

fragmentation of DNA or RNA is often necessary as a  sanple pre-treatmnment
step., Fragnbhtdesbredmythe systemdmay bfeeeher ccomprise ny restriction

enzy.nes,., { j,cat] of a ical f . break, t he

ol écul%%fﬁgéag#gy%%%*%}f ‘lﬁﬁﬁﬂll %gﬁéﬁe%?ﬁ#ﬁfﬁgﬁ%in?lél ., vol.
22, pp:tRd31ySi4 udPO/ arne Ffiftr@i/éﬁ%ifrﬁ% deriprigéfd. fosci . USA vol .
45, . pp. 1560- 1566, 19§g%. DNA fragmentation by, shearing usually involves
passi ngeX¥EPLE, sanpressHElemhf bl e rer corkellev ibhiten. a preferred

embodi MR o b w81/ UMy A SARI WSy TESORF' £ OF CEomprise
means to filter the fluid sample. Said mean may comprise,

10 for -example, a cross-flow filter or a hollow filter, which
( may be integrated with the lysis unit. |

If aésired,_the system may further comprise a
fragmentation unit, which unit is in fluid communication
15 with the 1ysis.unit.f"Alternatively, the lysis unit may
g;self:further comprise means to fragment the fluid sample.
Randdm fragmentation of DNA or RNA is often necessary as a
.sampleﬂpfeétreatment'step.. Fragmentation may be achieved
biochemically using restriction enzymes, erthroﬁgh |
20 application of a physical force to break the molecules (ége;
for examﬁie, P. N. Hengen, Trends in Bidchem. Sci. , vol.
(, . 22, pp: 273~ 274, 19§7 Qnd-P. F. Davison, Proc. Nat. Acad.
Sci. USA', vol. 45, pp. 1560- 1568, 1959). DNA. .
,f;agmentétion by:shearing usually involves passing the
251 sample thréugh a short constriction. 1In a preferred
embodiment, DNA and/or RNA breaks under mechanical force
when pumped through a narrow orifice, due to rapid _
stretching of the molecule. A pressure-driven flow can lead
to a shear force, which leads io fragmentéiion of the
30 nueleic acids. International patent application no.
'PCT/GB03/004768 describes a microfluidic device for nucleic
acid fragmentgtion.



when punped through a narrow orifice, due to rapid stretching of the
nok-goL 206 A 1B s IREM dBRV6ANFINow can | ead to a'@h&8FSEPEF6E4 whi ch | eBd$ Fb
fragnentation of the 30 nucleic acids. International. patent appllcatlon no.
PCT/ GB03/ 0. 04768 descri bes a m crofluidic device fopcieBasoossesi d

f r agni WOMBF69124- JUL- 2006 17: 30 FROM BWI LONDON TO 006565330694 P. 16/ 87
Rt 0 2005/ 073691 PCT/ GB 2005(000308 . 13- The lysis unit may itself further
conprise nmeans to filter the fIU|d3Saane and neans to fragnment the fluid
- sanple. 5 The systemmay further conprises neans for heating the contents
of the lysis unit and/or the nucleic acid extraction unit. Said nmean may
conprise, for exanple, one or nore Peltier elenents |ocated in or adjacent

the lysis 1@pgniy ?as%%d/uﬂltthﬁ naebsufe%&éne&t &6@.&-93 URlebnsThE nucl eic acid

extraction unit y have any“suitab shape and”con |gurat|on but wll

t ypi calfiijl tiex ithet Hduidr wampleaandameensotocfzagment Thhenfidhédc aci d
extraction.unit is 15 preferably for extraction of .eukaryotic and
prokarf@ﬂﬁée cells and.particles contained in the fluid sanple. The nucleic
aci ¢ extraction unit may be at |east partially filled with silica beads
or.particles. One or 20 nore sets of el ectrodes may beprovi ded adj acent the
silica bea@heorsysdem mays fuathesl cemprigesnméanspfercheatingatheg the

el uted nucl eic ac he .one qr s of _electrodes may conprise
pIatindﬁW&@@Eﬁr@ eg%e'lgpléx&HﬁFea“dzﬁing RafUctRdfefEie be provided for
appl yi erdaReten Wit2S dafleneane r@_.gig r he Ryt racti on
cell is preférably;fornegﬁpron1orm§gnpr| gggﬁo|§?§|%§?ﬁ€ﬁ§l|8§§ne)

or more Peltier elements located in or adjacent the lysis
<V10 unit and/or the nucleic acid extraction unit.

The nuclelc acid extraction unit may have any suitable
shape and conflguzatlon but will typlcally be in the form of
a channel or chamber. The nucleic acid extraction unit is
15 preferably for extraction of eukaryotlc and prokaryotic
cells and.partlcles contained in the fluid sample.

Tﬁé nucleic acid extraction unit méy be at least
partiaily filled with silica beads or particles; ' One or
20 more sets of electrodes may be provided adjacent the silica
beads or partlcles for collectxng and/or pre-COncentratlng
L» themeluted nucleic acmds. The one or more sets of = -
electiodg;-may-comp;ise platinum electrodés,_forfexample.
Meanéumaywﬁhereforé be provided for applying a potential -
25 difference across the electredes. The extraction cell is
preferably fofmed from or édmprises poly (dimethylsiloxane)
(PDMS) . The unit will typically comprise a substraté and an
overlying cover, the extraction'unit being defined by a
recess in'a surface of the substrate and fﬁe adjacenﬁ
30 surféce of the cover. The substrate is preferably formed
' from silicon poly(dimethylsiloxane) (PDMS). The NA binds
tQ silica.surfaCes in the pfgsence of chaotropic agents. |



S PPMEYoae ThE: . 4T t et [ MRINGA | Y conpri se a subst redsesssoekbsan  over | yimg?/87
cover, the extraction unit being defined by a recess in a surface of the
substrate and the adjacent 30 surface of the cover. The substrate is

pr ef ewabtopsémested from silicon pol y(di met hyl si | oxaPEEGBRMS008 The NA bi nds
to silica surfaces in the presence of chaotropic agents. 24-JUL-2006 0
FROM BWI LONDON TO 006565330694 P.i}/S? WO 200. "U73691 PCT/ GB2003/ 0508
-14 The integration of electrodés {eg platinum el ectrodes) nay

advant ageously be used to reversibly collect and pre- concentrate the eluted
NA on-chip. Thus, the present 5 invention enables conbined nucleic acid
extraction and enrichnment to be achieved. In a preferred enbodi nent, the

nucl ei ¢ aci Ghexintegrationnof edeptirodesa (e plathfes pdekttodes) .
pol y(di net hyl si | oxane) . 10 ( PBVB) channel.'i The,sisten1or at least a master
ver si oRa¥hag¥antagepusiypbeansgdpkor seredsipdi sp1d6atr 286 Pr&eni conduct or

mat er | oncaht bouahe fleLeRELhONACERILASS. | HAGH SkhiCRrelRnguarte, polymeric

materials and ceram ¢ naterral’s) erials may al so be

usesl. Exseptésnotnabiekceombihed macetiel acidckexdgeaentodr amar e of : Goup |V
elements (i.e. silicon and germanium); Goup II11-V conpounds (eg gallium
ar seni @drichmentukrphesprhdevedal |.i um 20 anti noni de, i ndi um phosphi de, "

i ndi um arseni de, alum nium arsenide and al um nium anti nonide); Goup IIl-V
conpounds (eg cadmi um sul phide, cadmi um sel eni de, zinc sul phide, zinc

sel eni de); JndaCpeefekYelll chbopdmeds, (ehe pacleicphcdd exteattioneni de, |ead
telluride, tin teI'Luride%_SiIicon'and 25 gallium arseni de are preferred
A

senicoN@G@t&PmEﬁﬁéﬁﬁaPSSi g2 bpadeprrkple PRAydimethydsidgXxad®ent i onal
(prQEesﬁ%ﬁMS)'channel. | : ' |

The,system or at least a master version thereof will
typica;ly be.for@ed from 6: comprise a semiconductor
material, although dielectric (eg glass, fused silica,

15 quartz, polymeric m&tériais and ceramic materials) and/dr
metallic materials may also be used. Examples of
semiconductor maﬁerials include one or more of: Group IV
elements (i.e. silicon and_germahium); Group III-V
coﬁpounds (eg gallium arsenide, 'gallium phosphide, galiium

20 antimonide, indium phosphide, indium arsenide, aluminium -

( arsen§d§ and alumiﬁium,antimonide); .G;éﬁp II-vI compoupds
(eg cadmium sulphide, cadmium selenide, zinc sulphide, zinc
seieniﬂe):.'and~6roup IV-VI compounds (eé lead sulphide, -
lead selenide, 1eaditelluride; tin telluride). ' Silicon”and

2§ gallium arsenide are preferred semiconductor materials. The
system may:be fabricated using éoﬂventional'processes'
associated'traditionally with batch pioductibh of
semiconductor microelectronic devices, and in recent years,
the production of semiconductor micromecﬁghical devices.

30 Such_microfabrication'technologies include, for example,
epitaxiai growth (eg vapour phasé, 1iquid phase, molecular
beam, metal organic chemical vapour deposition), lithography



i

associated traditionally with batch production of sem conductor
m croel ectroniic devices, and in recent years, 1tOhe%%r:%d%gécjdon of e 1007
Nelios o :

ATV EORBRRCt 5 3R PRt It ®EMN devi ces. 30 Such. mi &rafabricati on

technol ogi es include, for exanple, epitaxial growh (eg vapour phase,

| i qui dyelbms@73eodl ecul ar beam netal organic chemc , Bosition),

l'i thography 11 24-JUL-2006 17: 30 FROM BWI LONDON TO 006565330694 P. 18/ 87 WO

20051073691 .- PCT/ G32905/ 000308 ]1§ (eg photo-, electron beam, x-ray, ion

. beam), etching.(eg chem cal, gas phase, plasm), electrodeposition,
sputtering, diffusion doping, ion inplantation and m cromachining. Non-

st al }d I al i I 1. _Rat enl gl . al b
et BRI SISHETh B R Lol e 0

used. Exanpl es of. polymeric materialsi’n

met ?yl lacdremha:ag.), aaeCphaset, o pfﬂaf)dmadl,cchdwmd):pﬁsﬁmmjmhydgam,em@dgrpr OF?‘” en)e,
PL (Polylactide),, PBT 10 (Polybutylene terephthal ate) and PSU (Pol ysul fone),
i ncl udi%%‘&!}s d49P1Ngy d&%ﬂ%@lﬂmn R pisromashindsg, reNans pDVS or
CoC. T 198/ ia)1le T ' e rcmﬁ{g . e

devi cep'? st\eﬂr%lq%n?g'teﬁﬁfgaréolfsa'#gg?esld%&%%g c%g\%%ll%ﬁﬁbrglra genrélgg';gﬂal, for
exanspl engy sdsocbeduskedr. naterial as herein described, although a*

dielectric-substrate-material such as, for exanple, dglass or a ceramc
material could be wused. The common substrate nmaterial is,.however,

preferably %Q‘Pan le@sty ﬁ@ R st JRLT 3l Sghvivabl € exanpl es are
gi ven above. gqus%efcmp% pr%’frag?daia& y tag's:‘, grnrrcg' ey replication of, for
exanpl e{Pal yudtihydn mekhiydracrifia tadya oy eCyaflouilef in aspodymeryt,ead of
silicon 125‘qx|ai$s for mniaturli zed structurcis ar.e man)@ at | east for
polyethylene, polypropylene, PL, (Polylactide), PBT .
- 10 (Pol-ybutyle‘ne-terephthalate) and PSU (Polysulfone),
( including blends of two .or more. thereof, The preferred

polymer :'gs PDMS or COC.

The device)éystem will typically be integrally formed.
15 The device/system méy'be microfabricated on a common
substiate material, for example a semiconductor material as’
herein described, although a dielectric. substrate material
such as, for exémple, glass or a ceramic material could be
used. The common substrate material is, however, preferably
20 a plastic or polymeric méterial and sujtable éxamplés are
given above. The sSystem may preferably be formed by |
i‘ replication of, er'ek;mple, a silicon master. S

The' advlant;‘ag'e.sof using piastics instead of silicon~
25 glass for miniaturized structures are many, at least for
biological applications. One of the greatest benefits is the
reduction in cost for mass production using methods like
microinjection moulding, hot embossing and cast:i.hg. A
factor of a 100 or more is not unlikely for complex
30 structures. The possibility to replicate structures for
| multilayered ﬁould inserts gives a 'greaj.: flexibility of

design freedom. Interconnection between the micro and macro



Qi_gl_‘@%%ggl ,17;:3%pl i%agi QRS L o' RR of the greatest ﬁ@ng@dgggﬁ@ggg he reducgi{@pgi n

CoS mass production using nethods |ike mcroinjection noulding, hot
enbossi ng ‘and casting. A factor of a 100 or.nore is not unlikely for
conpl WO 205eMsct ures. The possibility to replicat cPEVGHWOHMIE of

mul tilayered nould inserts gives a great flexibility of design freed

| nt erconnection between the mcro_gnd macro 24-JUL-2006 17: 30 FROM BAIB
LONDON TO 006565330694 P. 19/ B? WD 2005/ 099691 PCT/ GB200$/ 000308 -16 S
world are in nany cases easier because one got the option to conbine

Standa{:érlﬂéﬁ%e”@ﬁ”ﬁ#ﬁ% coesls EhS{6F PhcapPl OghbegoEathdcopeedn fpp assenbly

techni ques, like e.g. US-welding wth support of "mcrostructures, |aser
wel di ngembinengtandard partsmaneonally hesedeat Diffexéent apRroacliesable is,

surf.ace_nodificatign. For -iminiaturized structures ad ssed _for biol ogical
anal yotah Pe' hEeH B8r aftenly tontfimde. L IS doEevefalRe, ol T ng
pl asmayi £ RALHBPRbrBNdE R EEFEs t A YIRS 721408 Wbl BXAG) | §1YiRgdaN@r | ation af
assortnment can" 1 10 be. adapted Into the coating. Chem cal resistance agai nst

acids hamibatienar eOtheh featwures othat aare corofithabbe isisurbacsubstrates

t hat ily.etch .. Mbst, detecti th i t hi th
bigtegﬁﬁ8$gs#éngP?eF ?ﬁ@iﬁ%@gﬁfiﬁ? a?gﬁéggﬁggﬂeg Fggﬁ%a?f%ﬁgparency of

p! astismoc}facalmeaﬁa S, B Of s ' SRSSF-Cant OFRSE Sthd Osdbkag@nishat are not

transparent” Po yner9%1crofIU|dic t'echnol ogy 1s now an established yet

gr owi ngidécekgatibben tB wabl broiwg bl psmact keatment Tand nprashabri cat ed

system as herein _descriped j.s, also i nt ended to enconpass nanof abri cat ed
L bt

devi ceROLAIPIIZEFLPR o7 Lhexihd vaRiReton oL aseLLPeRe 2B define
(bYM)foﬁeeﬁéHBESd ShES! e ¥odt £FASTRCERBhI0a) OPEs Pitance against
‘acids and bases are much better for plastics than for
silicon‘gubstrates that are easily etched away. Most
detection methods within the biotechnological field involves
optical meésureméntf. The transparency of plastic is
15 thetefore a major feature compared to silicon that are mnot
' transﬁarent. Polymer micfofluidic technology is now an
established yet growing field within the Lab-on-a-chip
| market; ' '

20 The microfabricated system as herein described is also
( intended to'encomﬁé;s panofabxicated’dééices.
For a silicon or semiconductor master, it is possible

to defiﬁ;,by, for example, etching or micromachining, one or

25 more of variable volume chambers, microfluidic channels,
reaction chambers and fluid interconnects in the silicon
substrate with accurate microscale dimensions. A plastic
replica may then be made of the silicon master. 1In this
manner, a plastic substrate with an etched or machined

30 microstructure may be bondedlby any suitable means (for

example using an adhesive or by heating) to a cover.



25 nore of variable volume chanbers, mcrofluidic channels, reaction
clzandber20eandl 7t Bli dFROMt EWEPNBAt s i n t he silicon TOsPSTESIPLEMI t h accur &t @87
m croscal e dinensions. A plastic replica my then be nade of the silicon
masterwd %%?91 manner, a plasticc substrate wth anpetapacesmoodomchi ned 30
m crostructure may be.bonded by any suitable neans (for exanple using an
adhesi ve or by heating) to a cover. 24-JUL-2006 17:31 FROM BWI LONDON TO

006565330694 P.20/B? WD 2005/ 0736917~ PCT/ 033005/ 000308 -17- The optiona
“val ves used in the system may take -any convenient form For exanple, the
val ves. may sinply regulate flow along a conduit or channel connecting two
units. A pisThe CPtdanadpdaliyes Beegr 40 §be wyistRmcmaybsaks a@vsed or

| ower ed _J g "CO it anpel the _actiqgn of a pin device. |
Use of FﬁgvgyggéﬁlF%?%Yvegq#héfgéPﬁgm ggepgé il emagtéﬁ@PQBy'may of exanpl e.
110 At eegallate Flow aJamy @ eohbasti of aRdnhedi TonhektENg &%l on of NMRNA
(rmanual or automatic procedure) 15 (iiigF-ReaI-tinE. anplification .and

deteptifﬁi@ﬁref@rﬁﬂﬁﬁ°nwﬁﬂ$FpN@NPeﬂlNENP | pyoyided( whic Fﬁagréntation uni t
gﬁ%lFP?5%??8?0%%Aggg%lgﬁgx%géeggggniﬁ p?ggégggf?EhgsP%éF3x§§a§§g%ﬁg present

i nvent i agtdlbno ofr @vipdess devielehod for the manufacture.of an integrate d

| ab- on-a-chi p' di agnostic system as herein described, which nethod
conpri ses: '

Use of the system involves the following possible
steps, by way of example.

(‘ 10

Alternative 1

(i) Saﬁple collection and lysis

(i1) Extraction of MRNA (manual or automatic procedure) -
15 (iii) ‘Real-time amplification and detection (preferably

multiplex) |

Alternative 2

20 (iv) A fragmentation unit may include both sample lysis and
( samplé preparatioﬁ?_ N fﬂu. -
(v) Real-time amplification (NASBA) and. detection =~ -
(preferably multiplex). L '

25 The present invention also provides a method for the
manufacture of an integrated 1Ab-on-a~chip-diagnostiC'system
as herein'described, which method comprises: |
A. providing a substrate.having an inlet recess, a lysis
unit recess, a nucleic acid extraction uﬁit-recess, a lysis

30 fluid reservoir recess and an eluent reservoir recess in a

surfacq'fhereof;

B. A providing a cover:; and



provi di ng,_a_sub ,a ving an inlet recess;gagh¥sdSipcdRit recessp g g7
n&éF%*d%gélg7?%t Eshﬁgtﬁﬁbcess a IyS|s 30 fluid reservoir recess and

an eluent.reservoir recess ina surface t hereof; B. rOV|d|n a cover;
and 24WOUNSO@117: 31 FROV BWI LONDON TO 00656533069BCH! 2005173691
PCT/ G12005f 00030$ -1s- C. bonding the cover to the substrate to create gabe
(a) inlet, (b) the lysis unit, (c) ‘he nucl eic acid extraction. wunit ‘d)
.the lysis fluid reservoir and. (e) the el uent reservoir, each being defined
- by the respective recess in. S said surface of the substrate and the

ad] aceng, su sur hanaing tBEecS%GfrFoTEﬁet Sﬁﬁktﬁﬁééstasck!?%ehﬁh@' ays also

i nt ende cover “a variety of features including, Tor exanple, grooves,
to sIotinlbhbesb)ttbachgszandnchanmebsth&nnbu&emg pondlexs:achéonof. The ,
met hod na ri.se ste i.ntro s fluid into the |

| ysis fPB éggr$9g? P?ﬁeﬁ&BgﬂoFQ Fv°}5 éPa ﬁeboﬁaﬁnéipﬁBtbover to the
substra Ese?@SLQEtQQQh”E&ngr?E?En efo §ﬁet9§?é%896 9k EQEEQ%“ﬁhng el uent,

i nt o, uent ‘reservolr e or ondi ng the cover to t he
subssrasaldz@ufﬁacaebhoﬂhaa;ubatthEe andpthecadljacehepsak fager ofuci ng
ethanol [nto the eluent reservoir either before. or after bonding the cover
to the §HBsEPYBE: 25 The net hod may further conprise the step of introducing
i sopropanol into the eluent reservoir either before or after bonding the
cover to the substrate. The eluent, and/or the ethanol and/or the

| sopropanol The term recess as used herein is also intended to

cover a variety of features including, for example, grodveé,
(«10 slots, holes, trenches and channels, including portions
thereof.

' The method may further comprise the step of introducing
lysis fluid 1nto the lysis fluid reservoir either before or
15 after bondlng the cover to the substrate.

The method may further comprise the step of introducing
eluent into the eluent reservoir either before or after
bonding the cover to the substrate.

20
| The method may further comprise fﬁe‘step of introducing
i ethancl into the eluent reservoir either before. or after
bonding the cover to the substrate, ) '
25 The method may further'cemprise the step of introducing

- isopropanol into the eluent reservoir either before or after
bonding the cover to the substrate.

The eluent, and/or the ethanol and/or the isopropanol
30 are preferably sepérafed from one anather by a fluid,
| preferably air, although any immisible fluid (liquid or gas)
may be used.



\

SuU are preterably separated fromone another bya fluid, preferably air,
abiimoughweany 7k pami sAdoke Biif wioddqN | qui d or gas) mEP PEETFSEINEI94- JLL- 2006- 47531
FROM BWI LCNDCN TO 006565330694 'P. 21/ 07 WD 2005! 073691 ?CTn; 020051000308

197 h@oap red enbodi rent the net hod conprisesPCTknnmunu@hgg el uent
into t uent reserv0|r after bonding the cover to the substrate; $

I ntroducing a first volune of air into the eluent reservoir; ‘i ntroducing
ethanol into the eluent reservoir, ~“Mereby the ethanol is‘separated from
“the ‘eluent by sai'd first volunme of airy io introducing a second vol une of
‘air into the eluent reservoir; i ntroduci ng, i sopropanol into the el uent

reservoir, whereby the isopropanol is separated fromthe ethanol by said

second vol ung'rofy @ féﬁefyédT@ﬁBSWBiF 3t €h %e?ﬁpﬁoﬁ r5%8§15|llcon, for

exanple, and the“overlying cover Tromg In this case,

t he glass commmnonupaa@eemuemtadmdbcahbyehﬂededrb@etbﬁirsaftéﬁn substrate,
opti onall throug an |nterned|ate 20 silicon oxide.layer fornmed on the
surfacehﬂ“qﬁﬂg ﬁ@@§§§é§evn the silicon nay be f or med usi ng

I |
Al 20 be used Po?“"% 5,8 ?3?3@%} e o3 iroinhS KHE eipel® 210 0 T

f abri actredervioig.;, for exanple a silicon replica. " 25 Alternatlvely t he
devi ce may be fabrlcated structurlng of nould inserts by mlling and
el ect ro- di scH&F Fﬁé nogpptor shroRdueBy ERSEEVPAA, n¥hRERRY of the

chip pari ethanol is separated from the eluent by said first
volume of air; - . ‘
10 e 1ntroduc1ng a second volume 6f air into the eluent
(’ reservoir; | -
| ‘introducing isopropanol into the eluent reservoir,
whereby the 1sopr0panol is separated from the ethanol by
said second volume of air.
15 ‘ |
The substrate may be formed from silicon, for example,
and the overlying cover from gless, for'exampie. In this
case, the glass covei is preferably anodically borded to the
- silicon substrate, optionally through an intermediate
20 5111con oxide layer formed on the surface of the substrate.
The recesses in the 51licon may be formed using reactlve-ion'
(. etchlng ‘Other materials such as.polymerlc.materlals may
also be qsedﬁfe; the“sgestrete and/or cover. - Such.materials
m,may be fabiiacted using, for example, a silicon replice.
25 'Alternatively, the device may be fabricated by structuring
"of mould ingerts by milling and electro-discharge machining
(EDM) , followed by injection moulding of the chip parts,
followed by mechanical post-processing of the pelymer parts,
for exampie drilling, milliﬁg, debarring. This may -
30 subseéuently be followed by insertion of the filter, solvent

bonding,'ahd mounting of fluidic conhectiohs.



EQJJUQ%QG by rechanphg ak,PesipoRr ocessi ng of the pol ysResparss, for example,

drilling, mlling, debarring. This may 30 subsequently be f.oll owed by
insertion of the filter, solvent bonding, and nmounting of fluidic
CONNEWO0i20084073@%- JUL- 2006 17: 32 FROM BWI LONDON TO 2005002080 03/ B7 WO
2005/ 073691 pCPI GB2005/ 000308 - 20- Exanpl es of polyneric materials jgacl ude
PMMA (Pol ynet hyl nethyl acryl ate), (Cyclo olef in copolyner),

pol yet hyl ene, pol ypropyl ene,. PL (Pol'yl actide), PBT (Polybutyl ene
t er epht haI at e) and PSU ( Pol ysul fone) 5 i ncludi ng bl ends of two or nore

t her eof . %ﬁl@i ?n%elpr f e ce }Qngnéihﬁ’é"r[‘. lar if optical

observatlons are required, the overlying cover

is nadePcEymethyﬁ|mnﬂngAacnytatExynce®bemymm@ oleflin nedpolyhersuch as gl ass,
Pyrex or Oorrblg-étlons of a mcrofabyicated corrponent with one or nore

ot her E‘P%Yé%%l 'at%t' of %tlﬂﬁﬁ) i F %/ m crof abri cat ed
elenen ?*EK%H %§¥€$ t o] hin the scope of ;the
term m%é;lifm&; cat ed‘.1 egrﬁg_ef’g%é)n %M?*o‘? (P%fyé‘?#%e éubstrate bage may be

provi dimcluding blemd® iof-twrf dhimdressheyeofal |GOTML s pleferred of er abl y

|l ess 20 than 0.5 pm The coating is preferably formed fromone or ( nore of
the group conprising pol yethyl ene glycol (PEG, - Bovine Serum Al bum' n

ol ebul ar vETSR G 00 A B HOEaLHE GER AL SRRl

mol ecubBrthei ginteft Lo2ENNEEX] 14 0OPdgupred) Cuharcbveﬂiym)@ to 75,000, for
exanpl e . 35, 000 to 65, 000). Tweens (or pol yoxyet hyl ene sorbitans) nay be

any. avePYeh| 1S fiRane %@@Bﬁ?lﬁ%ﬂ‘ ¥her @Eﬁf%ﬁ?ﬂ FERSEARCY ¥ erred as the
(Col‘%t' NHa C&F ST, eé&é}?ras glass, Pyrex or COC.

Con_\pinatidns cf a microfabricated component with one or
more other elemegnﬁs such as a glass plate or a complementary
microfabricated élelyent are frequently used and intended to

15° fall within the scol.:e"of the term microfabricated used |

herej.n .

Part or all of the substrate base may. be provided with
a coatmg_ of thickness typically up to 1 ym, preferably less
20 than 0.5 pm. The coatmg is preferably formed £rom one or -

( more of the group comprlslng polyethylene glycol (PEG),_'

: Bov,.,lne‘ Serum Albumin (BSA), tweens and dextrans. P:gfegred
dextrans are those having a molecular weight of 9,000 to
200,000, especially preferably having a molecular weight of

25 20,000 to 100,000, particularly 25,000 to 75,000, for
example 35,000 to 65,000). Tweens (or polyoxyethylene
sorbitar'xs)' may be any available from the Sigma Aldrich
Coﬁpany. PEGs are preferrxed as the coatmg means, either
singly or in combination. By PEG is embraced pure

30 polyethylene glycol, i.e. a formula HO-(CH:CH;0),-H wherein n
is an in'téger whereby to afford a PEG having molec{xlar.
weight of from typically 200 - 10,000, especially PEG 1,000



i

singly or in conmbination. By PEGis enbraced pure 30 polyethylene glycol,

I.e. a formula HO (CH2CH20O)a H wherein n is an mteg:er whereby to afford a
PEGIhaviong noizeculFaer EWRLGHONOf from typi cal | yTR0B2563H6%D, especi al 197 PEG
1, 000 24-JUL-2006 17:32 FROM BWI LONDON TO 006565330694 P.24'87 WD

2005/ 0&%%,@%/ 6S2005/ 000308 -21. to 5,000; or chep@ﬁ@hiMnyled PEG

wher ei et hyl ene. glycol oligomers are connected by way of
honobi f uncti onal groups-such as, for exanple, phosphate - noieties or
aromatic spacers. Particularly pref#rred are,. 5 polyethylene glycols known
“as FK108 (a pol yethylene glycol chai'n connected to another through a
phosphate); and the PEG sold by the Sigma. Aldrich Conpany as product
P2263. theS, 806w eox oehemisa bhby| edi £ bed HBEG (wheredn obne rer orexé¢ chanber ,

inlets ets rid{or,channel s | nprove,fluid flow 10 through the
systen1e€ﬁy%3P?|%g¥5?i ?%13 eh2 ﬂ§$ ¢Ated PRt e is less likely to
adhere RémébifénéOional ﬁ@ﬁéécéﬁchF§i5Cﬂ@i'@ﬁﬁmﬁi@ fﬁfﬁﬂe For a

e

silicon. or. sen1conductor master, it Is possib i ne by, for
exanplem01%tbh$ngroaromatnnaspan¢ng oherbacuburkyopreésramieanﬁlune

LR Gl O b AP SFRAT TRSBRF R el
reacti vephon eéﬁﬂéegeéff$53n6§hé&F%ﬁiéﬁéﬁd tﬁﬁﬁ SpaER) : Ahﬁﬁ’ﬁﬁésﬁE@ replica
may then be nmade of the silicon nmaster. i's nmanner, a.plastic

subst r aseldi by tive eSigmoal bldnhchlGmmpanycassprudmuteP&®§3be'ﬁhmded by any
sui t abl e, nean usi ng, an adpesi ve ﬁftf to a cover

t her eby? b?%?nFﬂéé%%ﬂseﬁE$£§%ﬁ F0 4 hentaE %ﬂ?ﬁe? ( oS out | et (s)
‘and congRYetBY SHADEL| Sind/BE SRYARELSONBA! SRSroveUBPAIA! ALt h the desired

(“10 thrdugh the system. In particular, it has been found that
the sample is less likely to adhere or stick to such

surfaces. PEG coatings are preferred.

For a silicon or semiconductor master, it is possible
15 to define by, for example, etching or micromachining, one or
_more of variable volume chambers, microfluidic channels,
reaction chambers and fluid interconnects in the silicon
substiate with accurate microscale dimensions (deep
- reactive-~ion etching (DRIE) is'a'preferred-technique)
20 plastic replica may then be made of the 51licon master. In
(‘ this manner, a plastxc substrate with an etched or machined
mlcrostructure may be bonded by any suitable means (for.
example- usxng an adhesive or by heating) "to a cover thereby
forming the encloéed fragmentation cell(s), inlet(s),
25 outlet(s) and connecting ¢hannel (s).

The device comprises a substrate'witﬁ the desired
microstructure formed in its upper surface. The substrate
may be silicon, for example, or a plastic substrate formed

30 by replication of a silicon master. _The substrate is bonded
at its upper surface to a cover, thereby defining a series
of units/cells, inlets, outlets, and/or channels. The cover



mcrostructure fornmed in pper surface. TheqsuBgidcatReadmy be silpcmng?
f @¢-Jokaa9f e 17 D12 aFﬁpﬁsPVELgingt rate formed 30 by replication of a silicon
master. .The substrate is bonded at its-upper surface to a cover, thereby

def i ni 1 of units/cells, inlets, outlets 20086040 |s. The
cover 320??5@’?%% 17 32 FROM BWI LONDON TO 006565330?‘?]‘?"i 25/ B7mV\D

. 2005/ 073691 PCT/ GB20ONS/ 000308 _y2 may be formed from plastic or gl asg
for exanple. The cover is preferabl-;mt-ransparent and this all ows observartion
“of the fluid. In general, thé device is preferably fabricated by deep
reactive-ion etching (DRI E) of silicon for. high aspect $ ratio

const ri deayrke formeshetrasy pastiic eondlag sof ﬁplglmnpkﬂ)vefrhwqmt i vel y,

telhgc?re\(gl-c% %ﬁdbe f g%cﬁ%% b st r#g:'tqurl ng ]&j}iqﬁ% d | nserts #ﬁ&l 11 n?hgnd
chi p parfﬁuldf0|ir9%é¥élnecﬂ!§”d@hd€0%ts Bty Gfab’lﬂéatt%dowrrer parts,

for exanple drilling, mlling, debarring. his nmay subsequent[y be
f ol | onedidsp ireagtiverion dtechimd t(é)RIEk)olaéraleinm r@r dighhaspeoty of
fluidic co.nnect i ons, ,15 The {“ﬁi&! ei c Ci dl}?‘ﬂ)ﬁ, be be .derived from

for Jexaftttd COn o LR oS | A RSt al 1 uids
and/ or dgdyde N0 APE EFnat AN, hd 'B‘édi% P he Sfe[BEHc d @ urine, mik,

drinking water, marine wat er’ and pond wat For many conpli“‘cated 20

bi ol ogi wltrm:tmrmg ft masld fmseawlﬂye,m:ﬂlhum arld mldctnda~ will be
appremaé d t hat bef re one &fm I SQ e an urjfyqqt%ar{\d/o RNA from
f

bact er i SA+3NILIE R M edq ing@kary to
t t t ticl
T o soehs g 'éﬁts ffs%“be apf?ﬁﬂé'fwaiea?{ 4 FRACRAQRIdnpRT particles

10 the polymer parts, for example drz.llJ.ng, mlling, debarring.
This may subsequently be followed by insertion of the
filter,.:,g.olvent bonding, and mounting of fluidic

connections.

15 The nucleic-acidisample may be or be derived froﬁ, for
example, a biological fluid, a dairy product, an |
environmental fluids and/or drinking water. Examples
include blood, serum, saliva, urine, milk, drinking water,

~. marine water and pond water. For many complicated
20 biological samples such as, for example, blood and milk, it
( . will be apprecxated that before one can ‘isolate and purify
DNA and/or RNA from bacterial cells and virus partlcles-ln a
‘sample, it is first necessary to separate the virus
particles and bacterial cells from the other-partxcles in

25 sample. It will also be appreciated that itvmay be necessary

‘to performladditiohal sample preparation steps in order to
concentrafé the bacterial cells and virus particles, i.e. to
reduce the volume of startlng material, before proceedlng to
break down the bacterial cell wall or virus protein coating

30 and isclate nucleic acids. This is important when the
-starting‘material consists of a 1a£ge volume, for example an

aqueous solution containing relatively few bacterial cells”



to perform additional sanple preparation steps in order to concentrate the
barcter2806 cET138 aRtoti PUISLP@PYicles, i.e. to rEHUEESEREPG une of stfarbifig
material, before proceeding to br eak. down the bacteri al ceII wal | or virus
protein cog ?ﬁ 30 and isolate nucleic acids. This i mhen t he
startl‘ﬂ b consists of a | arge vol ume, for exXanpl e an aqueous
solutlon containing relatively few bacterial cells. 24-JUL-2006 17: 32 FROM
BWI LONDON TO 006565330694 P. 26/ 67-23W0D 2005! 073691 PL~/ GB2005/ 000308 - 23- or
virus particles.” This type of starting material is commnly encountered in
environmental testing applications such as the routine nonitoring of

bact eri at vbrusrpaeXicles n T:himktiygp vaff et arfthong yetemiiael prsef er abl y

designed to cater for sa vol ume of 10-10Q mM . ' The present |nvent|on
o so  preombesly nginth fR AT e saingnbak e Ny GRRASAL Lon

envi rong@éﬁaéssawlf&mix@ &P@?& 8 R Gl

descri bed. The apparatus nn1‘a lJﬁspos t?t?z;i%&ar at us. e grﬁ{agent

[ nventldmnksmgplmrjes an assay kit for 15 the analysis of biofogical

and/ or environnental sanples, the kit conprising a systemas herein
described and -neans for contacti ng the.sanple’with the system .The assay

kit may be 'Wl | éﬂf@,@ 4 la
descri bed, b?hgvay of e%a%’lte JII}FrCEf‘ erence to%#e&;ccénpanyl rPtidraV\/l ngs,

of t whvghume 6f gle<ldo iml a schematlc illustration of a sandw ch- 2S | ayout
used for integration of a flat membrane.into a .disposable poI ymer chip
device for use in the present invention. '

‘The ‘present invention also prov;des an apparatus for
(” 10 the analysis of" blolog;cal ané/or environmental samples, the
apparatus comprising a system as herein described. The
apparatus may be a disposable apparatus.

The present'-inyention also provides an assay kit for
15 the aﬁalysis of bio'logi.cal and/or environmental samples, the
kit c4omprising a system as hereiﬁ deséribed and means for
contagt,ing the sample with the. system. - The assgay kit may be
a 'disbosable kit. |

20 The present invention will now be descrlbed, by way of
( example, with refe"fr'en;:g to the accompanymg drawings, of

which: . .

Figure 1 i1s a schematic illustration of a sandwich"
25 layout used for integration of a flat membrane into a
[disp,osa.ble'.polymer chip device for use in the present’
inventionl.- |

Figure. 2 is a schematic illustrati-oﬁ of a valve design
30 for use with the system aci:ording to-the present invention.



il

Figure-2 is a schematic illustration of a valve design 30 for use wth the
system accordi ng to-the present invention. 11 24-JUL-2006 17:33 FRO\4 BWI'
LEZNDAN PSS 0065653868045, b8 WO 2005/ 073691 PET/ 85605 bioos . 24-7-<7%7
Figures 3a-d are -schematic illustrations of a valve design for use with the

syst enwaceeidiadey t 0 the present invention. S Figur epeér/GB20S/osidea L i C
illustration a possible layout of a bead chanber according to the presgnt

invention. Figures 5 is a schematic illustration of a system design
_according to the present inventiorr®howing filling 10 with lysis buffer
(Figure 5a). and, extraction fluids (Figure 5b). Figure 6 iis a schematic
illustration of a c accordi ng _t referred enbaqdi nent of the

i ayout 0 .a
present 15 ifhBHSD .ap'lé €e sSFhematic ertthptHQ&% ib¥HfY% system

desi gn d@ﬁg}; ¢ Y o %‘%thh%rheoggfs%én?% Mi Ny Afhd ég%ﬂent i nventi on.
20 Figure rgates&tothe Exaéles. |gurer§re g{es to the Exanples. 25 A
pl ast i cdnventidasi gn according to.the present invention preferably

i ncorporates supply channels, reaction chanbers and.m crofluidic actuation
systens and is preferably processed by injection noulding of cycloolefin-

copqgl ymer (C{:Q JThe joul dJ : 1,7 . |l e, : l chip may
be %anuf acture ruesimﬁg%i g%dgrgzﬂgttsﬁ({)ﬁ‘lln‘ﬁ{%ﬁ%mh% pcﬁst%é%nl olunme -
i s:typiafld yegrprahdmimire aec®@ding to the present invention, ' '

Figures 5 is a schematic illustration of a system
design act’:qrdi'r’xg to the present invention showing filling
{" 0 with lysis buffer (Figure Sa). and extraction fluids (Figure
~ Sb). - o

Figﬁre 6 is.-a schematic illustration of a chip layout
accordi:hg to a prefgrred"embodiment of the present ..
15 invent_fion. -
Figure 7 is a schematic illustration of a system design
according to another preferred embodiment of the present

" invention.
" 20
( Figure 8 relates to the Examples.
Figure 9 relates to the Examples.
25 A plastic chip design according to the present

‘invention'preferably incorporates supply channels, reaction
chambers ‘and microfluidic actuation systems and is
preferably processed by injection moulding of cycloelefin '
copolymer (COC). The mould insert for, for example, a 12-
30 channel chip may be manufactured using high precision
milling;' The detection volume is;iypically approximately 80
nL (400 x 2000 x 100 pm). The plastic chip is preferably



=hL (200 x 2000 x 100 nf. The plastic chip is preferablg 24- JUL- 2006 17: 33
FROVUB\AFoG ONDCGN TERO06BEL33W684 P. 28987 WO 20053 098693339634 1GB2005/ 000808’
-25- first oxygen plasma activated before being coated with.-a 5%

pol yet hyl ene gl ycol (PEG solution (Sigma Chem cal UIS N(»

After Mﬂg‘%he chip may be sealed with an appro&ﬁgﬁw

menbrane via sol vent wel ding using, 5 for exanple, bicyclohexcyl. A th|n
' gold layer (approx 25 nm is prefepably deposited on the backside of the -

“chip to prevent background fluorescence fromthe thermal pad on top of the
Peltier elenent. 10 If required, Peltier elenents may be integrated into

t he Sa”ﬁheshobﬁggeﬁrPyaémagaéhﬁvaﬁédcbéféﬁé beingheogtegtwethcli vs.
. Al um ni um bl ocks may fut on top _of the Peltier elenents to sécure an

even d.EP#V&beéﬁnefghsﬁ? féPEGhe5°éHF$§n (Algmar fhempaali Gopr8ter abl y
nDunted glgheM92un1ﬂng}1é°§£f Eﬁeeéﬁﬁg éggnﬁge%ggie§0P§@§t et ween t he

chi ps an the ating Source hernco ypic | aced on

t he sanapprbahﬂatemyasﬂrumchbemebrhﬂapeiatBbﬁvéﬂd w8dding asigggpback
circuit to the Peltier elenents. The tenperature regulation can be

cont? ol fe8. exé%?éﬁnaPL?Y@hOQGQQYlaptbpthlnASObﬁeQPBQEIﬁaﬂhsexlgﬁd NASBA i s

.an isot ., 0 p Iy -
desi gne ?or aﬁ%ﬁﬁg§$§%9§&§$¥? %eﬁgékgggggégnggé ggiﬁhggNASRA :
reaCtlOﬂréeenbebaakbréﬁn&OfEthégcéﬁaéefeém fRe! tEakmalspadcénasoget ection
of the presence of specific viral RNAs, RNAs of other infectious or

~ pat hogeRfcthgeRedtder etemenarn cellular RNAs. Simultaneous activity of the
‘three enzynes, AW Reverse Transcriptase, RNase H and Ti RNA 30 pol ynerase
makes the core technology-in the anplification

(‘ 10 " If required, Peltier elements may be integrated into

- the sample holder prov1ding thermal control for the plastic
chips. Aluminium bloéks may be put on top of the Peltier
elements to secure an even distribution of heat for the
chips. " A thermal pad is preferably mounted on the aluminium

15 blocks to establish thermal contact Between the ch;ps and’

thé heating source. A thermocoupie will typically be-piﬁced
on the sample holder neasuring the air temperature and
having a feedback circuit £o the Peltier elements. The
temperature regqulation can be controlled”externélly on a

20 laptop.

As previously described, NASEA is an igothermal )
(approximately 41?6)4amplifiqation«methb&~specifically'
designed for émplifyinq any'single-strahded RNA sequence.

25 The NASBA reaction can be applied to a wide range of
applications such as detection of the presence of specific
viral RNAs, RNAs of other inféctiouS‘or‘patthenic agents or’
certain cellular RNAs. Simultanecus activity of the three
enzymes, AMV Reverse Transcriptase, RNase H and T7 RNA

30 polymerage makes the core technology~in the amplification
reaction. Two oligonucleotide primers determine the

specificity of the reaction and fluorescent molecular beacon



reaction. Two oligonucleotide priners deternmine the specificity of the
r eaclLeavoand?f3uorrESt e BUT BRIl ar beacon 24- JUIC 200865339834 FROM BWI EGREEN
TO 006565330694 P. 29/ 67 * WD 2051073691, PCTI GN20051 000308 26- probes t hat
are speci fi ewofzousetlye target RNA. I n approxi matel y SCr/GR2e6eems t he nucl ei c
aci d sequence of interest can be anplified to > 100 copies. The qati cal
detection unit is-preferably designgg.La excite the 5 il uorophore n the
reaction chanbers at approxi mately 494 nmand detect the enmitted fluorescent
i ght- at approximately 525 nm_ The excitation light may be filtered using a

bandwi dt h- f.i PE&Res( BR3F 3P -SPSGHEIMnfobSMsr Ba%aE M2yhtIns “col limated through a
| ens. The sagppfoxepasly 80 miftyesdehsl vad1d faeidfﬁqu&idiigof he illum nation and

collection of _the _fluorescence Light. _ Another 'l gens e used Lo focus
the fluor esdBHSFF AR ﬁtaﬂm?ﬁ%‘&eg‘éé 3P SePHSfee f‘}b"g"ggycaq
phot onul ti pl detedtabe)unithis gatferebly cetigm:and evcépardei on of the detected

signal nmay be d; ' 9 : el ease 12 (The
Mat hWor ks)él ngl&{ﬁ%lgﬁ?%% &mh%E% | c?g?&&% ea%ﬂr%gp?r’é%?n%g‘?%lgg an i nmport ant
factor in tR8 ¥GhEeSACCoENGreR odebinrgregrtalligfalRy SArpreyimasaty I n

gart icular, ]; 5?9riﬁ\entm ieﬁé\j%tﬁﬁ/&:ﬁ_@;?glﬂf e.apq_e@llctdiié\;ear@lﬁrngts)cg?l engbl e
etection of | ow, ns o ecific particles, as _e.qg.. e bacteria or
vi r uses, pre?é‘r\&ﬁgﬁggﬁ&ﬁﬁﬁigg o 3% B PRFRFT i %)‘fqhgo?ﬁ:ent ration nethods
are known .i eollimated tthroaghudi haps. f e esaaHresndl lendaimagrbd @ebdi ques such
as dead-epd fi.lt ' ! A8 w_f ! y usj 27 different kinds of
filtrati oﬁ mggjl: afo?tﬁ%%o-'ggriggt ur ggl&cﬁahng%%&g%rnogg r}ﬁ‘c?l | ow fibres or
menbranes), §remAeEgenarediqht shnatdar rienggesy bgcetmt Le foeks el ters, opti cal
traps, diel gehd@BREKEIEgnd BRR) tne! Atleb0BH Gueshde (b Cytonetry and
( ’ photomultiplier-tube). The data collection and preparation )

~ of the detected sig_nall may be processed on a laptop using

13 MATLAB 6.0.088 Releass 12 (The MathWorks Inc.; Natick, MA).

Efficient sample pre-tzeatment is -an important factor
in the context of micto-technolggical analysis systems. 1In
particulay, . cohcentration devices are needed in'ofder to

20 enable detection of low numbere of specifiq particles, as .-
e.g. cells bacteria 6; viruses, present in biolagical
* samples. A variety of concentration methods are known -in
the art including, for example, filtratibn techniques such
‘a8 dead;end filtxation and cross~flow'tiltration using
2 different'kinds of filtration media (micio—structured
t channels, poroua hollow fibres or membranes), gravity
settlers, éentrifuges. acoustic cell filtare, optical traps,
dielectrophoresis (DEP), electrophoxesis, flow cytametry and
adsorption based methods. )
30 '

A preferrcd method of concentration invalves dead-end

filtration. This is a relatively simple and cheap method,



g s:,g‘[ ggn 19 d res h%%ﬁ L oA preferred net hoc,iPe a&%r%g%gbg ation i nvgl YES-

ration iIs1s arelatively sinp eap net hod,

24- JUL- 2009, éMMRﬂ\A BWI LONDON TO 006565330694 &Mﬁ/\o 20051073691 -
PcTi C. 624050 whi ch can readily be integrated into a disposable

po’rer chip. Furthernore, the use_of fiat nenbranes assures a high
fleXibility concerning the field o'f”appl I cation, sincea variety of
menbranes are avail able and surface treatments' 5 such as, for exanple, PEG
or ‘Tween20 ehixthi ngp candidysbé yinkegravedf inteed. di'EIpesalriIeegdshtuenn of a flat
menbrane in p I SRAS u a sandw ch
set-up as, L@dﬁs g'%/%qgc Oégétl?%a F{/%‘lfrC]PWQﬁ?ﬁéb}%%egT%gﬁ%ﬁ?p ;ﬁ:%gﬂgri ses a cover
menbr ane 40flexibfility eoraennind the Hfigld Jf hppkicsbidmantharia The top and

bottom of tferichyRPEenShaUd AS aidth#3nh HEFRECUHNEINentSs Preferably, one
or nore valves are integrated into the device in order to enable a flow

control dn- 8} 35S FOf BHPi¢ BFE R JMEN205FRATAGVFAN A3tdguPRs 2and 3. Wth
regard to pégfiormed., pre-shaped nenbranes or flat nenbranes may be used.
The chip 45 conprises.a fluid channel 46 and a pre 20 shaped menbrane 47.
The vertical arrow.indicates the open position. with regard to Figures 3
e-d, there.is sﬁbmn&emtpanM/anglaa-bmane\/rﬁmn TEPyRees a top body

portion 50, 4 2, d, t er posed
t her ebet vvee(rjlﬁﬂ(m,%\mrﬁ (%?opﬁﬁlydkfgg %iﬁgér}’rﬁg mlwal saqﬁrqgg?%ragggg&’aggelnt t he nenbrane

51. A pi%t oRP® APRFMATIGAIGE Tb FAFWRovilBedohiP SOPRTASPR 3 Ce¥®ses in the
mai n body predbrefe £07. s H1UEd/dHadHEX dh$ and a filter membrane 44.

The top and bottom of the chip ara shown as 42 and 43
( 7 ' respectively.

15 ?raferably, one or more valvees are integrated into the
device in order to enable a flow control on-chip. Suitable: .
valve degigns are shown in Figures 2 -and 3. With regard to
E‘igu-:é 2, pre-shaped membranes or flat membranes may be
used. The cﬁip 45 comprises.a fluld channel 46 and a pre-
20 shaped membrane 47. The verticallar:ow indicates the open .
‘position. ' R ' '
:.-Wfl_t;h, regard to Figures 3 a—d, there is shown a chip
having ‘a--body, which comprises a top bodf-portioq S0, a main-
7 25 body portion 52, and a membrane 51 interpoaed therebetween.
( A microfiuidic channel 57 iz provided adjacent the membrane
' 51. A 'piéi:cn S4 and a valve 55 arc provided in suitable
recesses in the main body pprtion 52. Fluld/liquid is
present in a volume 53 above the piston 54 (see Figure 3a).
30 The valve 55 ie n{ounted with interference fit in the upper
position'(see Figure 3a). 1In this position it seals the
microfluidic channel 57 so that no fluid may pass. A conic



il

present in a volume 53 above the piston 54 (see Figure 3a). 30 The valve 55
Is nmounted with interference fit in the upper p05|t|on Er(?see Fi gure 3%‘)5{.7In
hi LS -pAST 11708 | t FREMAl BT tUSBDONY cr of | ui di ¢ chanr8l BFEGH44t no 1 ui § WHY
pass. A conic 24-JUL-2006 17:34 FROM BUT LONDON ;1 &? 0694 P.31/87 WO
20051073699 LR \\ENg030s pi n 56b may be used ower the valve 55 to
the open -position (see Figures 3b, 3c and 3d). In particul ar, n the pin
56b_is pushed upwards it.is secur'e‘ﬂ by a friction fit, in a corresponding
recéss in the valve 55. Simlarly, 5in relation to pi st on 54, when the

coni c-pi n §fiR 666 Mb@dmupmaﬁd@eﬂ rtnasvai%wﬁ% e pégiction fit, in a
correspondi fo.transport the liquid

I n rec n t he 05 der S
fromt he. vﬁ?ﬁ(}ﬁéc’%s =€ §“§%sa asrdé p E’Br‘f’rﬁ‘%afhé' Ror responding
recesses ivhe pénphebt om p&dhemchptrdmdsvatvze: SBciirfeqy, eb]pecfnm:liynand the liquid is

pushed out¢gf the, \éggggr;gmﬁmg@ Elgyrﬁg §§th§”95 3d mggéthe chip has been

used the conic pins and B8b are w thdr awh pi ston 54 and
t he val ¥e Uo:relatinncte Ripfon 34, Hhen| tiye s0Di S MHaye6d élrmlsﬁlhat silica beads

are wel | -ysiichgdid 9k fRhraxt 5?05 ie@RcBiuh BYE, fihCaldopRespbrRifgl Iy 0-3- 0. 1
ng of beads with dianeters of 15 pnmto 35 pmcan be used fox extraction, but

is al so poEeBPeln FPARISFGR g¥r sm prder E@aﬁ%"“ﬁﬂb“’( 6hﬁpﬁ%‘*f’rmt ely. 200 |am
di anet er) . sfmpossivolan® 33| aqyiout S&f aﬁdbmdachq:mibeu iiatshan in Figure 4. The

bead cha r..t.o Qndi ng W th pre- wetted
silica -beg%’ rg%gmﬂa{lg %ggﬁl iR ?hhe p% ‘%% gh aSur'ee?jal ned by the 100 pm
bot t | erl@ckrespERtivaispdbLhe Heqbedads B\Fﬁetmgleptﬂawd thﬁm&m@ahgerrent of the
fluidic Comcﬂﬂ!ﬁﬁic %ﬁd(éd}' ethﬁ“@h@%bﬁ?%deﬁ% r?'&%Hé gnehat the applied

liquid passes t ilica beads 61, even i chanber 60 is not

filled confifdfePins phe 33| tnfe S6P %’I?e"b'é%i’d“l‘f’haqwr“{?ol’%““ 4

4 and the valve 55. -raspectively.

15 - The inventors heve found Lhat silica beads are well -
suited for RNA extraction and purification, Typically 0.3~
0.4 mg of beads with diameters of 15 um.to 35 pm can be used
for extraction, but is also possible te use larger silice
baads (up to approximately 200 um diameter). A possible

20 layout of a bead chamber is shown in Figure 4' The bead'
chamber 60 1s loaded prior to chip-to- ¢hip banding with pre-
wetted silica beads 61. After bonding, tha bead package ig
re;éined by the 100 pm bottlanecke. The shape of the bead
chamber aﬂd~the arrangement of the fluidic connections 62

2§ (inlet) and 63 (outlet) ensure that the applied liquid

{ passes the silica beads 61, even if the-be#ﬂ-chamber 60 1s

not filled completely. The volume of the bead chamber 6Q is
about 6.5 b and is suitablg for extractxon from a sample of
typically 10 to 50 wl.

I o S

) Four-liquids are preferably used throughout'the pre-
treatment process: lysis buffer (typically appréx 100 L),



il

—apout 6.5 pL and is suitable for extraction froma sanple of typi caIIy 10

t B4-50L42p6 307 Feur FRiGUPIS LEWDSNpr ef er abl y used t R oB8i6at%Rt pre- t r eatirent

process: |lysis buffer (typically approx 100 1d,), 24-JUL-2006 17: 34 FROM BWI

LONDON TO 08®308880694 P. 32/ 87 WO 200507301 .ay PGHERP¥EEH| (typically
appr 40 p7,) ethanol (typically approx 40 pL) and el ution buffer
(typﬁally approx S-20 )Z). The | atmer three are needed for extraction. The
i nventors. have found that it is advant ageous to store the' 5 lysis buffer in
a channel (t I ha 70a (see Figure
5a) and storggep%kg%/% (%Qggﬁ?tlg%rcx EE ’33' 2 ? t%'ﬁiga and one U shaped
reservoi rs opppiex pdtabhdmasdrelukdpn t(u§éer Fﬁtgm@alab)apmx b-RPI of the storage
reser voi rs My 2l FR) aBeed khidilabl noBREESTR! oRFRLLLLD. Smigm x 0.5 mm) si de

channel's, indicated in the ure 5 by the needle.positions, of the outlined
syringes' 7balRventaFs é‘Pv‘quaPF‘ﬁd af b §Fd"éd"@ﬁ&ﬁ91%“§ E2EtHES t8eal ed using any

appr opri ate mn;stmﬁmehuaa Metrh\ekl mypdcaillj,ea :ﬂénﬁérir@peharﬁdyﬁnt ageously, in

order to allqw for,a andl,i C it is preferable to
use a singl e (¥¥r1 ?Pg@? {‘%f éﬁ‘r%ﬁt |’a§ g aq‘lg’lra%/ Smffﬁ 20 A chip

| ayout accar dxtzgactuotalpq;-etfd@r‘rredwerﬂyarnnmmndfonet nes!rapedent invention is
shown in Fi gi'éfex@oiz-@%nf‘g'}éf bod HI 56 VQieES 1(41%%3 gm buffer | sopr opanol ,

25 ethanol, and elution fer e sequenti a ed using conventi onal
syringes (needl e dianmeter 0.4 n.n) and the ! _f| I | ing channel s are seal ed.
10 " All of the storage reservoire may aimply be filled by

means of small (0.5 mm x 0.5 mm) side channels, indicatad‘in
the Figura 5 by the needle poeivione of the outlined
(F syrinqeéivba-d._:Aftcr £filling, the side chamnels can be
' sealed using any apprapriate means, such as with' liquid glue
13 or tape. o

Advantageougly, in ordexr to allow for a relatively
simplé handling system, it is preferable to use a single
layringe) pump for actuation of all liquids. '

A chip layout according to a preférred embodiment of

the present invention is shown in Figure 6. 3
Theufour liduid resarvolrs (lysls buffer, 1sbpxopanol,\

25 ethanol, and elution buffer) are sequentially filled using ‘

{ conventiopél syringes (needle diameter 0.4Imm), and the , %
£illing channels are se¢aled. ' (i

First, the celi. suspension is appliéﬁ to the filtration
10  upit by weans of a syringe pump. Besides particulate
suspansién the syringe is loaded wiEh about 200 pL to 300 pL
of air, which is used for actuation of the on-chip liquids



"
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First, the cell sus&ensmnls applledtotheflltratlon 30 unit by weans_of

224y Vi 7R plitis? BERPHe B paMPPR Ul at e suspensi on'? hE?SFr{HREE i s | oaded Wit

about 200 p of air, which is used for, I abddade0f the on-chip
l'i qui ds 24- ‘&?J%S’fggg 17: 34 FROM BWI LONDON TO 006565330694 P. 33/ 07 _ WO

2005/ 073691 pC 1YG12006e00s3e8 . 3p__ . (Depending on the appli catl. it will
be appreciated that. other inmm scibl - qui ds, may be .used). Second, air is
punped ‘into the lyeis buffer reservoir S and the di spl aced buffer is
applied-to thﬁp@&liln@ beiutg &aflficatdiont e Wil tisy apfieriaeéd thysate i s pushed

t hrough t he f|| m@@ﬂgie lgﬁfﬁ‘stﬁ% %g \Iat@%) beads chanber. Due to the
S e pro

addi ti onal | ering rirTety’of cl oggi ng in the beads ' chamber
is reduced. 10 Third, the actuation punp (syringe) is connected to the

extraction |iqui gi“roggerg/iq ks Wknb&a tlggo cgmnggglleog‘gfgeq gggaervgﬂ ter chanber and
t he Iy5| s buffer reservoir are c)osed he extraction |iquids are stored

ina singfe ?"ésé’i‘%/(ﬂlﬁpﬁg@eb‘éﬁ'f&t‘e’cf B?PJa’ietd bP €. cetden ﬁ’@s&ﬁ"‘e is applied to
one -side oford hﬁe rmeéyol IThe t&&&ﬂlﬁﬁtd&iﬂp&slﬁhcﬁﬂhﬁﬁ@d the Faredd el  and are

sequenti al | A bead anber r ot ocol

i ncl udi ng t h ?% é?d;tl o’%’s b ghaé'&rﬁﬁrl zc?d@%éigg %"ttﬁ oMt erence al so
to Figure 6. n\mm smm ﬂhﬁsme%bdbcﬂetymfa addbogiag & dthe, beddsr eas t he |'i st ed
val ves are gpapes ?J?:‘ae gcorrespondi ng operation. Filtration 25 Valves 5,
7: Cell suspenS| on | n i1trate -> Left outlet Lysis Valves 2, 3, 7: Ayr

in, dlspl‘&ced fluid -> Left Qutlet
Third, rha actuation pump (syringe) ig connected to the

extraction liquid reservoir while the connections to the
(7 fllter chamber ;md the 'lyﬂq huffer reservoir are closed,.
The extraction liguids are stored in a singlé reservoir
15 separated by air piuqs- When pressure is applied to one
side of the reservoir, the liquids are disélaéed in parallel
and are sequentially guided through the beads chamber.

The oparation protocol including the vaive opcrations
20 - is summarized below with reference alsc to Figure 6. Valves
not listed are in’'a closed state, whéréis the lieted valves

arc opencd fer ‘the correaponding operation.

Filtration

25 Vaives 5, 1: Cell suspension in, filtrate -> Left
{ .-. outlet
Lysis o
valves 2, 3, 7: Rir in, displaced fluid -> Left Outlet
30 Valves 2, 3, 6: Ailr in, lysate -» bead package, Right

Outlet



) Ml v 3y G By sate -a bead package | utl et 24- - 2006
o oplaee e L%ﬁ%@\lh%ﬂwgﬁawsoe% oS4 oy T oreedBhoeabl O B Al
-31- Purifiggdehsdimes;Val vos 1, 4, 6: Air in, isopropanckmwanmbead package Air
in, ethanol -> bead package Air. in, elution buffer -> bead package $
Tur.ng now to Figure 7, which shoywg_another preferred. enbodi ment of the
present invention. -The foregoing description is also applicable to this
enbodi nent. The system 1 conprises an inlet 5 for a fluid sanple, a 10
lysis/filtrdZABlaasien 10, a nucleic acid extraction unit 15, a channel 20

cont ai ni ng Iwsvée fil,ui,de:a chanpaln, ZdpeopdmilningeallgaRige €t hanol and

i sopropanol, a nucleic acid seguence anPI iification and detection unfit..
30, and a waste unit 35. 15 AYEHEnnEP229! con 2ckgesanple inlet 5 to the
lysis/filtration unit 10. A wat\vis, l@lutsopsuftered>t berDpaciaga t he fl ow of
flui-d therebetween. A channel 16 connects the lysie/filtration unit 10 to
20 the nucleic acid extraction unit 15. A valve 17 is provided to control
the flow of fl uithenbes abettMEigureThe Wi rbowe rnegheniphgfryrede [ysis fluid

s connect edppbdudie deythériebidtakiiihedbh | 2o Attobdimgsanpl e inlet 5. 25
Val ve 22s and 23 l:%r_e provjded to control the flow of fluid. The channel 25

cont ai ni nq IFECEARTAPR 15cp1nth aPPLIAP1e L8 S, Aot iReRG R ed t 0, the nucleic
aci-d extractsyemamli tompkSs@ndnt firlesadidor a rdlatd sampbéyvas 27 and 28 are

.Fl).gogbggg%gﬁga&&ggﬁ%}ggeugilt&)%,og xf\\|1c 'egé ac%é'é]xlélfagg% %git?’?S.FROVI BWE LONDCN
a channel 20 containing lysis fluid, a channel 25 containing
eluent, ethanol and iasopropanocl, a nucleic acid sequence

(( : Amplifi-c;atinn and detection unit 30, and a waste unit 35.

15 - A channel 11 connects the sample inlet 5 to the
lysis/filtration unit 10. A valve 12 is provided to control
the flow of fluid therebectwean.

A channel 16 cennectz the lysig/filtration ﬁnlt 10 to
20 the nucleic acid extraction unit 15. A valve 17 ia provided
to control the £low of fluid gherebetdééh.
The channel 20 containing the lysis.flnid i1s connected
to the lyéié/filtration unit 10 -and the éampﬁle inlet 5.
25 Valve 22s and 23 are provided to control the flow of fluid.

The éhanne,l 25 containing the elucnt,. cthanol and
isopropanol is comnected to, the nucleic acid extraction unit
15 and the =ample inlet 5. Valveeg 27 an& 28 are provideq to
30 control the flow of fluid. -



2é‘x{LP2-g qulgléZ}%O# PCE%DgBEBy}ﬁ#QQ&ﬁOS A channel 31 ggnng | %%Anucl eic agl &, g7

e nucl ei c acid sequence anp ication and detection
unit 30. Q? %% 2 is provided to control the fhewcnﬁumwuucitherebetween
S A channe connects the lysis/filtration unit 10 to the was unit 35.
A valve 37 is provided to control the flow of fluid therebetweeW® 10 The
channel 25 contains the sluent and washing solvents such as ethanol and
i sopropanol . The el uent and washing solvents are preloaded intu the channel
using an air gab dhenngledhrepnaettie The quicdield rokd e rastidnennitl5 An exanpl e of

a.suitable 1sy€bS:hQu£\i@Lre;EIda;q séquég& %li-rﬁ'c-ﬁl-ﬂﬁlang MBS (pH 6. 41, An
exanpl e of a suitable elutjion ution Is AV Trie/ HCL, 1mM EDTA Nat (pH

6) + 1 mM YOO 30- 2B ‘N&EFe"?r:15&@”&%FPW%FP5&%P%°§CM eved using a

f | uor escencg el CireFesRweand a pi xel-intensity analysis _ program (LispiXx).
25 The nuclei-c acid extraction unit contains silica beads, (.- for exanple
0.3 ng ot 15-30 pmsize silica beads. Platinum \ elctrodes are also

provi ded (not showapnglusé dranects hbe jaskelfilsdation vhizetlfoke netic col | ection

of the negabevglate Ehg 6. ACklyNS ritgckfa‘ﬁdaglg,sm(%QrJih%nQperati on protocol
is summuari zed bel ow. 24-JUL-2 LONDON TO 006565330694

P. 36/ 87 v@lzuogﬁﬁmthewﬂt@%owoosos -33- Filtration:

10 * The channel 25 cbn;ains the eluent and washing solvents
guch as athanol and isopropanol. The elueﬁt and washing
solvents are pieloaded‘intu the channel using an air gap to

(" | " separate the liquids from one another.

15 An example af a suitabla lysis buffer fluid ia 100 M
Tris/ACl, 8 M GuSCN (pH €.4).

An example of a suitable ¢lution solution is 10 =M
Trie/HCl, 1.mM EDTA Nag (PH B) + 1 mM YOYO-1.

Nucleic acid quantxfxcutlon Ay be’ achiEVed using a
fluoreacence microscope and a plxel*intensity analysis _
program (L;§p¢x)

25 ' The nucleic acid extraction unit contains silice beads,

( for example 0.3 mg of 15-30 um size silica beads. Platinum
elctrodes are also provided (not shown) just belew the

packed bed for electrokinetic collecgion of the negatively

charged, eluting nucleic acids.

The operation protocol is summarized below.



A valyes 1?”3‘% Clepsedpgxcamiont Or val ves 12 andr37gaddesS¥Ebge cont ai pifagen
fluid sanple mhlch contains the cells -to be analyaedl is connected to the

sanpl e inl ,the., 5 sanple is injected undgrmgeesnesse i nto the
filtration ySIS unit 10 In this way cells are retained in the unit 10 and
Lh eaai zziny prULion of -Lhe fluisg.is Lhen passed to the waste unit 35.
10 Lysis . Al valves are closed except for valves 22, 23 and 37. 1In a
first step (optional), air contained in the syringe is injected into the
sanmpl e i nl eEikEravken; causes the lysis - fluid Contained i.n.channel 20 to
nove towards tMll&alfvbktd’ﬁttmehy&t@pﬁmdr mveBeipraadtm lysie fluid enters
t he flltratlon/I ai.s.unit d%h Romev r, the air_ahea he lysis fluid,

i .e. the aif f’ﬁ‘gfh ORRAYRIRY. 2 ghat n‘é’l’”‘% °°B1é"‘l’xﬁ§e e[ ﬁg Jtﬁal ve 23 and the
unit 10,. cheisesaasysedheisncorpectediitd the shepleninlek0Standbehdi spl aced and to
flow to the 3 d 7 i s closed

and val vte 17 gn&sl\é(g%aﬁlegg&kg g’nde'}‘e n%%%%%@'&igcﬁﬁefgiyt?:gﬁbée@ll%gns?l nues to be

i nj ected i nubiy RB. sai:mpf-‘e’tsi HMet%ElE arrerqlpdned in| thel vabwtl&i ardi, i n. t he channel
20 flows undgs Ler\.eﬁsi%eprdm&.o oft D fehLid abi O padeaud 1, d0. As a
consequence t he Zg stalned cello therein are ysed and the |ysate flows to
the nucl e| Ttﬁ $%BPaction unit 15. Purification/Extraction Al val ves
are cl osed except for valves 27, 28 and 32. 3u in a first step,. air
Contalneg ihe syringe is |njected into tthe sanpele inlet 5. This causes
the flui £¥§Lepropanol air gap, ethanol, air gap, elution buffer)

24- JUL- 2006 17:233 WROREBUR CLIMBANRYREPEOBBE88BG3922 P 2374181 37 M0 100M73691

/PCT/ GB2e05/ ngagge‘rs@@tep (optional), air contained in the gyringe 1is
m:ected into the aample inlet 5. . Thxa cauges the lysis

" fluid contained in. channel 20 to move towards the
15 f£iltration/lysie upit 10. . Before the lysie fluid entere thc
£filtration/lyeis unit 10, however, the air ahead of the
lysis fluid, i.e. the air in the region. of the channel 20
between the valwe 23 and the unit 10, .caudes any ‘remaining
fluid in the unit 10 to be displaced and to flow to fhe
20 wastc unit 35. Next, in a second step, valve ‘37 is ¢losed
and valve ‘17 is opened. As air conf‘a’i'r‘i‘flo"d' in the syrioge
continues to be :mjectod into the sample .u\let 5,” the lgsis
f.luld cantAined m .the channel 20 flova undez: p:essu.re ‘into
the fllt‘ration/lysx_s unit 10. As « consaquence, the
25 rctaincd cclls therein are lysed and the lysate flews to the

nucleic acid extraction unit 15.

Purification/Extraction

- BAll valves are cloged aexcept for valves 27, 28 and 32.
3 In a rfirst step, air contained in the syringe is injected
into the sampele inlet 5. This causes the fluids
(is'opropahol, air gap, ethanol, air gap, elution buffer)



contained in channel 25 to nove as a colum of fluid towards the nucleic
@et Wl expcactt7: 8 UFROM BT L Bhdav process i s hal tedp apesssakicsaf the isoprepanol
(i.e. the first portion of the colum of fluid) has been passed into the
nucl ei c acwesgser action unit 15. After a abort PEHGRBWSMN | e (toget her
wi.th optional heating of the contents-of unit 15), the' process

continued and the air gap between -tdhe isopropanol . and the ethan di spl aces
t he 'sopropanol . Tle isopropanol evaporat es and/or goes to waste. The

et hanol thep fI nder essure into nu id extraction unit
15. The procesgg&lsdslgnéégméﬁlapé KalPey once’%"f"“ ‘h}%g?h % s passed into

the unit 15theAtealeig atigr extFacting vhil jlge IanBIMFSWSLhdbtmd onal heating

of the contgpiSapf oNite l§3prop£xbﬂ Ri%e%ﬁe'ﬁﬁe%&@%ﬂ dnednd he air gap
bet ween the ethanol is and 't el ution buffer displaces the ethanol. The

et hanol  eVEPRQFs TRk P“g&é%" F5FRE tiEtoTHE BPeASS2B fer then flows

under pressexteactiion bfie nscl alft:enael shcfstt b&@iddoafwmb (tdgethék €l utes the
nucl ei c am&l rel aseg he?gm t h f ace g %ft é beads The el ut es
a

nucl ei ¢ aci d"s B PR R -“{9,18 ad nﬁ%’?te"in Jo hc ®nplification and
detecti on wpHoce®D is cditdnped spdithenyienigapnogrween ckie asppa:ppmcat us and net hod

for nucl gi Cang Bfd e%hsm af1laBed Q8 xo %lys"ﬁaas%%ﬁ%%%&n from

bi ol ogi cal sanpl es, such human ce Yz at es een successful, with
col'l ection WPPF@GRA@‘H"Fh@*l Fevagte. \Fherethapebdheretlowsi e Nucl ei.c aci d

sequencae baﬁmrwsaﬁt&aht@rthe(msﬁ 438 beaactRasuned 1sn cycl ool efin
and paral | 6% BERSTRBNA S Rarpeieth SaLES SPr Tk GO (BB A% art)ficial Human
Papi | | omavipassed HRYp e setpudbice AfaesSidRehddt PobidD@E 1ime35 FRO\/I BWI LONDON
(T O 00656533&@%é1tﬁ-z3§/ Bl optParal! mIdE28g o he %MD BEObhs e 15),
. the procese is continued and the alr gap between the ethanol
15 and the elution buffer dlsplaces the cethanol. The ethanol
evapofates.and/or goas to waste. The elution buffer then
flows under prcasurc into the nugleic acid extraction unit
15 and elutes the nucleic acids released from the surface of
- the silica beads. The eluted nucleic acids then pass Lo the
2n  nucleic acid :cquén;e amplification and detection unit 30-, 

The -precent 1nvention provides an apparatus and method
. for nuclexc acid (NRA) extraction and analys:s thractxon
frou biological samples, such as human cell lysates, has
25 been snccessf_ul. with collection of the NA in the first 15
( mlL of elugfe.

Real—tlme ‘Nucleic acid sequence—based amplification

(NASBA) has baen measured in cycloolefin copclymet (COC)

¥ plastic microchips with incorporated -supply channe_ls and
paxallel'reaction champers. Succes;ful detection of an

artificial Human Papillomavirus (HPV) 16 sequence, a SiHa



35-Jdelbod | e 360 t ARIMCcETpomabed HPV 16 and patient psREBdpegs tested positive

for HPV 16 have been performed. The sanple nmaterials a I|ed to the chip,
were di vi dwo 2esmssel even paral l el reaction chanb®& . %t was
simll taneously 5 detected in a detection volune of 80 nL.. The presnant

i nWtion will now be described fusther with reference to the follow ng
non-timting Exarrpl es. 10 >tranjfles Sanple material Thc' ecrvioal carcinoma

cell lines Si S were obtained fromthe American
Type Cul tur&® JF‘?J' gg%“i ﬁo;(-;t%ﬂ}ef‘gﬁt&o{ggﬁ Bt &N Hed *ntai ned in

Aul becco' s nmeﬁlmblEagd dor riRYi LénhaDe 4devn, pstqmp'he@enﬂ‘bd.samplﬁ 106 fetal
bovi ne serug Le gl e d mcin_ The cells
were i ncubat ed a ?‘ﬁs '?éEﬂMd & dﬂeaéﬂl% g‘?{r}oggﬁere %ﬁ‘le celTs weret rypsi nat ed,
counted in Méﬁk @ecwnﬁwmcawhﬁy%éa wﬁs NARRRCangspslyhuf'f er (bi ohhri eux,
the Net Rer hgtidted GONh AdtRblion Mgﬂan&@llel@eng hi ocyanate). The - nucleic aci ds
were isolated and extracted using the BoomM's nethod (boom A, Sol, J. A,
Salimns, M t4_ M, Jansen, C L., Wrtheinvandillen P. M E.,

Vandar noor daa, Tle pkespént?23n@inthioralilM fow BOI ddscriBP@ureddr (3), 495 - 5083.)
on a NucI| S fLastQr .l s co in1 les of integrated
RPV 16 DNA pg}‘ gee E‘g t%a'ﬁ%en flag]'&&ﬂgr a g%ﬁ?‘ tl3"g E’Ti'gn?% arvi, R, and
Syrjanen, K. J Viral K Met hods 1988, 19, 225 - 238), A ten- fol d aerial

di | utionpt, omiga,%i Ha cal | 30 line ext ract were tested. Tn additi on,
artificial HPV type 16 sequences, fromthe HPV Procter kit (NorChip AS,

Nor way) 24-JUL-2006 17:36 FROM BWI LONDON TO 006565330694 W)2005/ 07MR1

PCT/ G820S6/ a2t e2PuB7 -36_ r

( Thc' ccrvical carcinoema- call lines SiHa (squamous qell

carcinoma) were cbtained from the American Type Culture

15 'Colleqtion (Ush) . SiHa cell-line was maintained in
Dulbecco’s modified Eagles medium (DMEM), supplemented with
' 10% fetal bovine serum (FBS), 2 mM L-glutamine aﬁd 25 ng/ml
gentamicin. The cells were incubated at 37°C in a 5% CO,
atmosphere. The cells were trypsinated, counted in Blrkers

20 chamber, and lysed in NASBA lysis buffer (bioMérieux, the -
Netherlands, containing 5 M guanidine tliocyanate). The'
nuéleic“acids were isolated and extracted using the'Boo@'s
mechod (Boom, R., seol, J. A, Salimanq, ﬁ Mu M . Jansen, C.
L ’ Wertheimvandxllen P. M. E., Vandernoordaa, J. J, or™

25 Clinical Microbiol., 1990, 28, (3), 495 - 503.) on a
NucliSense- Extractor. $iHa cells contain 1~ 2 copies of

~

' integra{e-d HEV 16 DNR per cell (Sytjanen, S., Partanen, P.,
Mantyjarvi, R., and Syrjanen, K. J Virol Methods, 1288, 19,
225 - 238). A ten—fold serial dilutiona“of‘the Sila call-

36 line eeracL were Lesled. - Tn addltion. artificial HPV type
16 sequences, trom the HPV Proofer kit (Nnrfhlp AS, Norway)



was déetlemot angels. Aggyl EJrgB"Pﬁe“ es were tested to define the detection
limt OF the system o reagents in tho Fredemicssighy; Proofer kit
wer e mxed W,ﬁh@g to the manufacturers specificatvememsprls Ch.i, p AS P.35.87

Nor way) . prinmers and probes were available in the kit. Addltlglly,
BSA ‘was added to the mxture to a finagl concentration of 0.05 6 a
dynanmi e coating. Reagent 10 solution 26 PL) fromthe kit and 1.3 pL of
sanple material (SiHa cell-line sanples and..HPV type 16 sequence sanples

fromthe kit)vakreediasclarasd - heatidutxan §GCesorert aplideto defhBe ni xture was-

subsequent |y sQ0la@fedtdol1Gnli@r of thi Niyls@em, af ter which the enzynes (13L) Wre
added. One actuation 15 chanber qn each reaction channel was cut open before

adding -"1lhe m xture into the polyner. mcrochip. Each reaction channel in
the chip was fagdaed with the mxture due to capillary forces. The repaining

m xture wa dramn,rhgtr%agﬁﬁn m)ve %ﬁg‘}g% f-b ?&ﬁpdkvﬁgréwmw | y channel .

The chip 20 hol der "was the o one atter the
ot her channel agge¥digndar tab mepefrchuRs TS| ﬁquéﬂéat!@Kten(WéhyP A30- seconds; Only

a2 x 2 nue aﬁ@@va‘{.\?r emhlmhe@g %ﬂdbﬂzcﬁ:bﬁ we‘rEDavizfl'aﬁlé“lﬁatﬂé)rkE@SpOﬂdEd to a
detection are3'of 80 nL. The ten-told serial dilutions of both 1li PV 16

sequences and?dH tipnallye| §5A M 2oded FOFRG miZERER) tRi d F1Bshvent i onal .
equi pmant fOEorbeB’ﬂﬁﬂiSﬁrbﬁMoth rd 6§ Qaclawaxaea e64tiog. uuahgem(perl ments were

run for h ul ati_on resulls cal.cul ated using
Pr exect Data Q‘L%iﬁ% ?/'ﬁca‘lrﬁ A)ﬁ‘("?\ld;gsh Y AQEHTH‘Q ?ICFS‘“C% i p V\t/aesnagm gned with
12 reaction ph%mlaecsl'l-bmtte tslaaplenoaméa@til wpec hAnteguenem sedplese+- suu- ee~ei o i
r (~'~° rrt g Lné(‘”k‘éwrwe:cum&bt& SORREVEH to 65°C for 2 minutes.

The mixture was- subsequently cooled to 41°C for 2 minutes
after which the enzymes (13 pL) were added. One actuation
15 chamber on each reaction channel wasg cut open before adding
“the mixture into the polymer microchip. Each reaction - '
channel in the chip was filled w1th the mixture due to
caplllary forces. The remaining mixture was drawn into the
waste chamber at the end at'the'supply channel. The chip
20 holder was then moved under the optics, where one after the
other channel was measured. Measurements were taken evaiy
30 _seconds. Only a 2 x 2 mm’ area werc illominated by the
LED, this5afea“cor§qsponded to a detection arxed of 80 nL.
The ten-fold serial dilutions of both HPV 16 sequences and
Q' 25 SiHa cell-lings were also tested with conventional equipment
for comparison with microchip detection. All experiments
were run for 2.5 hours.

Calculatien

30 All .the resulrs were celculated vsing PreTect Data
Analyzer (PDA) (NorChip AS). The microchip was deeigned with
12.reaction chambers, but the two reaction channels on gach



WO ZRONG738F1 Wt PEUZURNnewipanBun 40i 87 37 aide Were renpved ih the

cal cul ati ons dye to systematic error of the measu™ b\iiﬂ&h@ cal cul ationg, g~
were based oM@ al regression algorithns. ThE Tatlo wes defined as
t he terence in fluorescence |level at the and of the 5 reaction and the

fluorescence level at the start of tt#- reaction. All sanples with a ratio
of 1.1 or greater were defined to be positive. Time-to-positivity or the

starting poi gideMabee %@ﬁom b@ t\e!aeeﬁmgcfdﬁ@.vsuékaréﬁ(ieﬁmcncr ease
exponentlal ly. The aver.a wer eé&ﬁl $q|j€a ed usi ng the 10 val ues. of 10%
a

i ncrease in fPuSeSt e & tiong P#f&%SRe, in

fl uorescent Ipaaqinoﬁtﬂuteqiassararamqmmpm NtThe Tharidewacdefinedigg t for the
pol ymer m croghi ~ nes & I c t ested where all
the 10 reactﬁgngéﬁé\%ﬁe FS é\me?.g:o%gg% i‘é%el %PC&IQ & °§en’k | fication of
HPV. 16 virfis Teadtion regdr thel fh!%:CWKSBAEVQAastsU‘eﬁcéE%ﬂMlOfyt}perforrred in

pol ymer m croghiRseiM t R11 Safigi&CLiOD vewaeo@fl 30ophyrBtargse. 6 and . 9
illustrate the 20 result from one experinent. perforned on Bl ue cell -I i nes

and HPV 16 o‘l"?fglé"ée"iﬁléﬁc%’§1t+‘@spe%’t”MTéPSP““‘Fh‘é‘YF?bthé St¥®HPY gr aphs t hat .
clearly ate pgstiniti werenget RAVBe td&ersauhecuwbet HE&teasusaﬂp}meperfor med usi ng

regul ar 20. (A..volu and conventlo ot shown Tabl ed shows
the results u W"ﬁ"ggfﬁa&h onhgeﬁf“’leﬁggef“ a?t‘fefrlecf ﬁsculi&%%‘b“ %ﬁces and Si Ra

cel | -1 i nek0 obvaliuesdofi Si0hgincrbasay dh yFimoresandchéyes. ad theh@rlastoari ze the
ampl 111 cat | onad 438" 1, i%ase SUCERlorfLddir Eo1 PALAREL Sied B eval uated:,the
fluorescence ratio, tine-to- positivity, the average slop of the I|near part

{r the 30 curReintt heTWuﬁﬁéFtb?“ panig SPE ‘d}?pPPH’@&t'P-%ﬁ{é“-hm ¥a&% nunber

set to be the last concentration tested where all the 10
reaction channels were positive.
15 ‘ -
Results
Fdentification of HPV 16 virus utilizing iealvtime :
NASBA was successfully performed in polymer microchips wilk
a detection volume of 80 nL.-'Figurés 8 and .9 illustrate the
20 result from one experiment performed onm 8iHa cell-lines and
HPV 16 oliQo sequences, respectively.w-fhe Flgures show .
graphs that cleariy d¥e positive and have the same curvature
asiaamél#s éérfo:medlusing'regula: 20. pL volumes and .,
conventional readers (not shown). Table 1 shows the results
25 of a dilution series of artificial HPV1é sequences and SiHa
<_ cell—lingé obtained uaing.the polymer microchips. To
characterize the'amplification reactions, several different
parameters were evaluated: the fluorescehce ratig, time-to-
positivity, the average sliop of the linear part 62 the
30 ' curve, the number of positive emplifications and the number
of poiyﬁer microchips tested, The values in the tablc show
the average value and the standard deviation of the positive.



of pOr{kef9hi aroehi paeohesmeq;mﬂaﬂﬁ values in the table show the average
val ue and the standard devi ation of the positive. T%‘@@Qf—s:%m@d 1'J: 36 FRQM, -
BWI LONDON ™9 BYRE%¥U330694 WR0OS/ 07301 pt ~r uoF~ - By 417167738 sanpl es t hat
were tested. For ‘both HPV 16 sequences and SiKa cell |i nes teste n the

m crochips, the ratio was nore or I'#ss constant. In conparison wt
conventional testing (Table 2) of the sane sanple material,. showed that

t he L atlohl vaaﬁ\ﬁldiaefeﬁemieme a‘eeted OVgsr aﬁ?mqw abi lendde afd Eer |0a£I anﬁters
on the ot her rrespo or emcrOC|sante
convent i onal si’rg gg { Q?s“gp%% tpe\f‘?‘t°§°?’ﬁg’rsea§'bedrﬁf’t% “B3 '
concentrati oms. Ladsi Icendthat al&necag:arskmrp wsiah usnverrioealt aesvind Lowe{
concentratio t f 10,100 nM were
tested for a JfICI a Iﬁg’%/ se enc e f'I éh%ﬁégg% qu nag \%ere test ed
for 0.02 cel |wsm|depsem@e £anl Llsmn comrptEatiang. nekhe o] cal det eoti on

system had a 95@&&&9%:1 kA& torREr InaRl! @d}qesg&dc%iﬁ/uah feely Bédy ficial HPV 16
sequences an ell] Is line miterial, res ectlve { These were the sane

detection i HFt CGB'E'%ﬁH'?eE"‘f SPe 1 FREVERAPIAL Py JiB&k YPsaders. It was
possible to dehentultgavmcrssn’eaeaimubwsaaﬂcérﬂﬁzbtsqr&temll&uthe the results

wer e, not consi esults al sg i.llustrate the sanple
concentrati Of]a g* npu(t' v5 eat dﬁeﬁeaqﬁg g’k‘ aselr“n‘g‘,mcteﬁem‘%’mgggar d devi ation
i ncreased ATeorfzidi smalo«aimmmssm ri@§uaN Sof H9Q it erdPVedtixdol i go
sequences a”‘%orsiéi‘%%iél hb\Pel% ééli&\féggeé hahi A 'slﬁé‘rc%ﬁlﬁngsbé’z% the same

trend for m crosystens as wel convent i onal  net except for the

i 0 bet vveeﬁ-eﬂfﬁé* ey ? sozo'r‘ﬂtlﬁéﬂlf [teo? ¥ eatks /ng - afhe pestomamadeand at t he end
fémt he anpl i fobﬁﬁédloaeféh'ﬁbb@](ste@%&gé QeRdcrins €imit BPIE pi &4d nctive at

H reactl(%g cells/pl for artificial’ HPV 16 sequences and SiHa cell-

Is line material, zespectlvely. - These were the same detectien
‘limits obtained for the conventional Biotek readers. It was
possible to detect lower éoncentnations‘on both systems but
the results were not consistent. The results also- illustrate
that when the sample concentration of input target were

20 decreasing, the standard deviation increased. A compacison
of the NASEA rgsults for both HPV 16 oligo sequences and’
SiHa cell lines showed’ tﬁat all patame’cgrsl had the . sume
trend for ﬁicxasystemalas well as for coﬁventionallm?th;ds
except .for the ratio between the levels of the fluorescénce

25 at the start and at the end of the amplification reaction.

Qu : Backgrounq}noise is more distinctive at small reaction

) " .chambers than for macroscopic fluorescence methods. Parts
of the background fluorescence were removed from the aseay
by applying a thin gnld layer on the barks;de of the polymer

30.. micruch:.ps The COC Ltself is autofluorescent always g:.vi.ng
some background fluorescence. Another contzibution to noise
detection is light scattering due to leas perfect polymer



chafbér's ‘F"Fﬁanlf@‘rD rmctmosgopl.@wbnkuorescence et hods, ggrts of the backgr ound
fl uorescence vverﬁ ;lm)ved fromthe assay by appl yl,@ﬂc f.ﬁﬁﬁ:‘gol d | ayert.aa- g7
the backsi d&¥i*® poI ymer 30.. Mcrochips. The COC itself is

aut uor escent al ways gi Vi ng sorre ackground fl uorescence. Another

cont ._,buti on to noise detection is’ i"ght scattering due to | ess perfect
polymer A--/- U.-GQUvID 1 ( Jb hKU ' "bWI LUNUUN 1U UUb_b- _J60bJ4 F' . 42/g7
WO 2005107369&rfad%6Y~S&inhli’5j-|phMummw -defrefied§ Ameowd¥ Me-t 0- positivity
decreased for n n expgct ed use substrat es used

| onger tines ct° i t131("(r?1“dg§n‘%"r rgét%:et% bé (fdhu’ E’s%ﬁg?btfr%?ei “ﬁ%? t he hi ghest
concent r at i'oAgngesh&dies [T’ figd enre infenalckcvinh Ay sgbgeratest HRerexperiments the

ti me- t0- pOSi teh¥idnb O IRRSEhtra ik ededBaSARbLE GRNEANIFBIA0 Ay MY al SO
i nhi bi t the reaction and _therefore use longer tinme than an ideal reaction

mxture. I tRelsIHe ?ﬁ?ﬁé‘?’é‘@h’@%ﬁ%ﬁ@'@%éﬂ@cﬁ@%e WYERY smal | er
anmount s of tanugletsaazbeeld&nbérﬁ:ramtslm L ¥ ljrnalmr the, rddegicn whdh, | ess

anplicons wl roduc I o e. Te t han for higher
eoncentrati . oth&f%e 1*de |on I|m "*Aer? R&éﬁx?é‘%&‘ 'oH depends on the
target f- ofluirheerase mat\h@fﬁdem e pfqet hbozpﬁr drereasaad [Whehe. In these \
exper i nent s Wi e a@Blits! 6 4SLER! 2EONGCRAL HehORRHIANRY:Q do 15 PM and 20

[

cell's/pl iu both detection system Accordingly, Exanpl e shows that it

i s possi ble DSIHFAER, deer fa@ligonsHpill) Be slé'q’lﬁ‘éﬁ%§“eow E5°PF pM

concentrati ORilD HaRbxéBloweFithaf CiHrPRighelr| éardagtifabns] MTRBASBA. For .
ionlimt were 20.ce These detection 30

Fe:rnl tsI iapg tS l es tﬂ’:ﬂ‘gm%fékﬁﬁ?ﬁ%eﬁfaFHm’efﬁﬁ?’fdﬁeﬁ?/& ¢35 red in t he

onvent| onal offl .uﬂteeltst.e&derdesiﬁn of the primers and probe. In these
experiments vwe were able to detect concentrations down to 1

15 . pM and 20 cells/pl in hoth detection systems. Adcordingly,
this E;camp).e shows that it is possible to detect artificial
HPV 16 sequences down to 1 pM concentration in polymer
microchips utilizing real-time NASBA. For cell-line samples
the detection limit wcre 20 cells/ul. These detection

3 limits are the same that were obtained for experiments
performed in the conventional Bjotek peaderx.

a5

30
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90 S5 7ELTHR- enivo 1(bin BKULONSY LUNUUN | LI {9~bb65S31~b' ~4 'P. 43i87 WO
20D5/ 073691 PC7/ 003005/ 00030M Tabl e 1: NAS/t A perf O¥ med--enssw-g4 ochi ps

detecting R ] g0 sequences’ and 919a cell-1i ngﬂ% seri es. The
results ar e%ﬁé@%gge and standard devlatiun of a vg%uea obtained in
the esperinents. |osibife Oweeattati6a Ratio start |baeago ulliel | ees /
NusLS of point slope Mt of dupe tot®ed aesettat. WV .If eige "Quaws 2, 30
t 12.31t 45.09 f 505 n.33 5.36 9.09. 0.01 3:06 * IA 73t 43,48 40 / 40 4

0.37 4.03 914fhbls 00RARA GorforRd (D ul-vbbhidd dbtedfing ABO 18 ol (o 42qitnds 17. 66
0.0001, 2.75 ‘M“‘t 9911-'9-59 @9 ”F*‘@@‘#i%OT@‘ TGUBE wfefhe EY‘*@’P E')“'OOOOl 2.56 t

43,87

22.55 i 29.07& S .M 2 eé&*.-’:‘*‘ eTa 19:621 30
/17303 0.46 3.60.9.21 0,00000e2, 10 tnaddo 0ot e Tinszd 4 Rt o0 7 0. 32
12.74 11.7V o“‘“‘b‘oo 6B5E 1 t 48aF5 1 9a84 t MEEmGE enips togted
“EPT 1€ oliga
soquenca {pi)
01 2.90 8 1231t  (5.08 % 50750 5
n.s3 5.36 9,69 '
0.01 : 3.06 2 1473 % §3.48¢ 40/ 10 4
. 0.3 4.03 9.40
0.0 2.6% % $.00 & 45,98 + 30/ 30 3
0.42 2.0% " 17.66
. 0. 6001 2,754 22.19¢&  35.08% 30/ 30 3
( 0.32 1.5 17,94
0.00001 2.56» 22,554  20.47¢ 30/ 3D 3
o 0.39 7.36 13.%¢
0.000001 2,64 % 25,203 19.62.& 30 /.30 3
. .46 3.60 9,21 ,
0.0000001 2,10 ¢ 37.09 % 1r.27x 33770 7
0.32 12.74 11.7%
0.0000001 1854 43.75% . 9.9ax 6/ R0 6
0.20 7.1 3.85
+ 0.000000001 2.27* 81.00 19.02 % 2/ 60 6
0.86 .13 6.20
0.0000000001  3.93 . 4.50 21.83 1760 s
Wika oall Line
. jesldam))
2000 " 2,86  16.91 % 42.5T2 40/ 40 4
0.30 2.61 .. 6.2¢ oo
200 2.80 £ 18.69%- 40,56 & 40/ 40 4
\ 0.43 3.39 14.%0 ' :
20 . 2.88 % 20,65  A7.49& 39/ 40 s
¢.27 a,269 11..08
2 2.78 30,02+ . 235.09& 60./7 7
.50 26.12 15.47 - .
0.2 2.73 ' 70.13 ¢ 39.29 4/ 50 L)
0.4 35.12 14,97
0.02 0 0 a 0/ 30 3




0.2Q,7, 13 3.55 0.00000001 2.27 t 01.00 3 79.02t 2 60 6 0.06: 38.10 6.26
0. 0000000TYE 393 4.5021w83.1/,60 6 PSe tall lime [o+1la/ul? ... . 2000
2.66 t 16.91 t 42.57 t 40 / 40 4 0.30 2.61 - 6.26'200w23805u:19. 99 * 40.56 t
40 | 40 4 Vgo %@ 3.39 14.50 20 2.60 1 30.65 t P&rdbhodsodts/ 40 4 0. 271 9957
9.28 11.09 1205 8,02t. 35.09 1 60.! 7D 7 311.50 26.12 15.47 0.2 2.73 1
70.‘ t 39.29 4/ 505 0.54 39.12 114.97 0.01 0 0 O 0/ 303, s
~"~"U-Glrjo01/ ,~f-1CUl LfFWT LUVUUIV IU "I bb~b~36Jb7a ' Y. 44/b WO
2 0 0610 73 6 91 pCTIC s2805/00eJn -41 Table 2: COnventional PASHA testing
por | or med oAREP\R: TEAvEhigesl BBEIAleatiag petintreSion HRY Q8| id0i qegenceFhe results are
the average 2jfi ﬁ”ﬁﬁ@ﬁgﬁgg\zﬁﬁ O AT Rl 1T ARE YR SEBO Y MR the
experiments: T gor ” age 1lepe

~l i tiaati eudccheotmictda Soeot i aarard el | JofBMgacat aokiaskatiGraly 4. 51 t 14.00 t

0.-ri 111.21t 6.6 ' . Total reactions

BV 26 alige
seqmonea [1of)
0.1 €51 ¢ 14,00 2 0.7/ 111.21 % 6/6
0.16 , 19.29
0.01 6.7¢ * 11,75 £ 1.47 9C.26x20,2p €/ &
0.27 10
0.002 6+ 15254175 133.06% . 6/ 6
o 0.28 aslez
2.0001 5.18 ¢ 23.03 2 ¢.66 94.42 3 5R.85 6/ 6
. 1.07
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for carkyiggngubuz saRRkB1RM BRALALLRAORT BeB8EsANR &l ¥hdig
sample containing cells and/or particles, the system
comprising the following components formed on a common
substrate:
(a) a sample inlet for a fluid sample;
(b) a lysis unit for lysis of cells and/or particles
contained in the fluid sample;
(c) a nucleic acid extraction unit for extraction of
nucleic acids from the cells and/or particles contained
in the fluid sample;
(d) a reservoir containing a lysis fluid;
(e) a reservoir containing an eluent for removing nucleic
acids collected in the nucleic acid extraction unit;
wherein the sample inlet is in fluid communication
with the lysis unit, an optional valve being present to
control the flow of fluid therebetween;
wherein the lysis unit is in fluid communication with
the nucleic acid extraction unit, an optional valve being
present to control the flow of fluid therebetween;
wherein the reservoir containing the lysis fluid is
in fluid communication with the lysis unit, a valve being
present to control the flow of fluid therebetween;
wherein the reservoir containing the eluent is in
fluid communication with the nucleic acid extraction
unit, a valve being present to control the flow of fluid
therebetween; and
wherein the system further comprises a single pump or

syringe for actuation of all liquids.

2. A system as claimed in claim 1, wherein the reservoir

containing the eluent is in fluid communication with the



sanpl e containing cells and/or particles, the system conprising the
foll ow ng conponents fornmed on a co n substrate: (a) a sanple inlet for a
fluid sanple; (b) a lysis unit for'ﬂggls of cells and/or particles

contained in the fluid sanple; (c) a nucleic acid extraction unit for

extracti, f ucl ids.fromthe ce nd/ or rticles contained in
t he fIwgﬂsecaEr’rpla‘r;H ® % %gaﬁegérv§|5%&8ﬁtgfﬁﬁﬁﬁ% %PyEPE%FP&|6ﬁe(e) a reservoir
containma@wamfekuaﬁh ftore re@@@wic@ .nucl ei ¢ acids collected in the nucleic
acid extraction unit; wherein the sanple inlet is in fluid conmmunication

with the lysis unit, an optional valve being present to control the flow of

fluid therehetysenn el e shyshg BAB! oS cha;fluidegogmuni cation wi th

the nucleic acid extraction un|t an tlona valve being 'present to
controlfmhehhkowombrﬁbum@ t@erabQUWeemp wbedesﬂqhhﬁcéeserv0|r cont ai ni ng the

lysis f|UIq comuni.cation with the lysis unit, a valve being
present ¥ &éﬁFFSPOPhéan&ﬁtﬁptﬂpﬁlﬁnﬂﬁeréﬁﬁfﬁéén hEhap&iLRi€he reservoir

cont ai niged of g cebuenonl Hinlift s %dfqgrreiuewﬁhh%a\e%ﬂ LAgnnugLei c acid
extraction wunit, a valve being present to control Iom1o fluid

therebeﬁmeéﬁlCaﬁ@l@h@ﬁ@menmheampéuénnbmnbheandompmesesoa snngle punp or
syringe for %ctua |onlof %ylds Zt A s tegl%% clglned in claimil,
wher ei n 3 hEFEEEA0I'A+VEo F&Pﬁl G CRB CelFQe AP Otn theuf & C¥offuni cati on with
t he -43{1@ﬁbe&heagb@@h@gﬁa| val ve being present to control the flow of
fluid therebetween.

4. A system as claimed in any one of claims 1 to 3,
further comprising (h) a waste unit, wherein the waste
unit is in fluid communication with the lysis unit, an
optional valve being present to control the flow of fluid

therebetween.

5. A system as claimed in any one of claims 1 to 4,
further comprising (i) a reservoir containing a washing
solvent, preferably ethanol, which reservoir is in fluid
communication with the nucleic acid extraction unit, an
optional valve being present to control the flow of fluid

therebetween.

6. A system as claimed in any one of claims 1 to 5,
further comprising (j) a reservoir containing a further
washing solvent, preferably isopropanol, which reservoir
is in fluid communication with the nucleic acid
extraction unit, an optional valve being present to

control the flow of fluid therebetween.

7. A system as claimed in claim 5 or claim 6, wherein
the reservoir containing the eluent is in fluid

communication with the reservoir containing the first



3. A systemas clained in any one of clains 1 to 2, further conprising (g)
a nucl eic acid sequence anplificathgq_and detection unit, wherein the
nucleic acid extraction unit is in'fluid comunication with the nucleic
aci d sequence anplification and detection unit, an optional valve being

pr esent tohcontroﬁ th% fI%g of fluid therebetwen. 4. A system as cl ai ned
in any SRE"SF%IPE ST £593°T FGFtﬁ5P668ﬁﬁFi§Pﬁ§a&H}na WiSte unit, wherein
the wastsecowd walshing flouiv@ngéQmuni cation with the lysis unit, an optional
val ve being present to control the flow of fluid therebetween. 5. A system
as claimed in any one of clains 1 to 4, further conprising (i) a reservoir

contai nigng & Washicno . Sehuehty pLelerapl y elfanol, whichyegervoir is in

fluid cdnnun%?étlon W th tﬂ%dnuclelc aci d ex?racplon unit, ah optional

val ve beherg fpresemnt shd ngorbl@entthantl/ow ahef kutdndt hasahayween. 6. A system
as clainmed in any one of clainms 1 to 5, further conprising (j) a reservoir
cont ai niSRg V& MfuAttiRe €O NWEdRieAlg 180 Pv ERTIMOBr EEEEEBPY Li- sopr opanol , whi ch
reservoir is in fluid communication with the nucleic acid extraction unit,
an optional valve being present to control the flow of fluid therebetween.
7. A sys$temPasycltemmed icdadimeidmih ofadhaiBm Ghewhéneithe ehaeneservoir
containkﬁg the eluent is in fluid conmunication with the reservoir

cont ai ni fh& St Feshings SAlyERitngnePTenticanaF8Pdt He SPé88r voi r cont ai ni ng

the segendopashirag ss@lveted &rof shst 8Mbaset! ahmdel Rofl@hm 7, wherein the
eluent, the first washing solvent and/or the second washi ng

reservoir by a fluid, preferably air.

10. A system as claimed in claim 8 or claim 9, wherein
the common reservoir comprises a conduit in fluid

communication with the inlet and the lysis unit.

11. A system as claimed in any one of claims 1 to 10,
further comprising (k) means for introducing a fluid
sample and/or air into the inlet, said mean preferably

comprising a pump or a syringe.

12. A system as claimed in any one of claims 1 to 11,
further comprising a filtration unit, which unit is in

fluid communication with the lysis unit.

13. A system as claimed in claim 12, wherein the
filtration unit comprises one or more of a dead-end
filter, a cross-flow filter (eg micro-structured
channels, porous hollow fibres or membranes), a gravity
settler, a centrifuge, an acoustic cell filter, an
optical trap, dielectrophoresis (DEP), electrophoresis,

flow cytometry and adsorption based methods.



solvent are contained in a comon reservoir. 9. A systemas clainmed in claim
8, wherein the eluent, the first washing sol vent and/or the second washing
solvent are separated from one another in the common reservoir by a fluid,
preferably air. 10. A systemas clTalTred in claim8 or claim9, wherein the
common reservoir conprises a conduit in fluid conmunication with the inlet

and the jlgysiys g%%m % Cﬁag%%%eghagp§0§hgegf ClPEUISQe of1 lains 1 to 10,

further conprl |ng means ucing a sanpl'é and/or air into
t he |nI@hereamdtneamypﬁefemablfurchaprbsmpgiaepumaaﬁé aosyiilnge. 12. A
systen1a§ C|ﬁlﬂEd in ﬁny one of clains 1 to 11, further conprising a
filtrati-Of dAltd RAMEASunit is in fluid conmunication with the lysis unit.
13. A systemas clained in claim1l2, wherein the filtration unit conprises
one or nore of a dead-end filter, a cross-flowfilter (eg mcro-structured
channel §5. poﬂoayShemlam/tﬂbdasdodnnembianéé) whegeamisyidsmébher a

centrifu an acoustic cell filter trap, dlelectrophore5|s

(DEP) g@?F}86ﬁ0P8§|§r mPFSwPéy?oﬁﬁPayeﬁﬁd ég§8FptPoﬁrB§§eé Rt hods. 45

14. A systesragegl ali6Rd-ish rabyueB8 ehaghaigs %okeuéoholm@@reln the lysis
unit further conprises neans to filter the fluid sanple. 15. A system as

clalnedf#ﬁréﬁapﬁ1m@mbWhéﬁ§0m §a9@aﬁé§Msse§©hpr»sescenermfugbreaof a dead-end
[HLLer gRopLese LLaw lhLLsr, (o, piereyotpugt viedchanngl s, gorous hol | ow

fibres or ranes a gravi dlistic cel

filter, (aﬂpopte@abtﬁ:bpnords@becm@phapeamétrgzD&Rh agkeepr@phoresis, flow

cytonetry and adsorption
based methods.

16. A system as claimed in any one of the preceding
claims, wherein the system further comprises means for
heating the contents of the lysis unit and/or the nucleic

acid extraction unit.

17. A system as claimed in claim 16, wherein said mean
comprises one or more Peltier elements located in or
adjacent the lysis unit and/or the nucleic acid

extraction unit.

18. A system as claimed in any one of the preceding
claims, wherein the nucleic acid extraction unit is at

least partially filled with silica beads or particles.

19. A system as claimed in claim 18, wherein the nucleic
acid extraction unit further comprises one or more sets
of electrodes adjacent the silica beads or particles for
collecting and/or preconcentrating the eluted nucleic

acids.

20. A system as claimed in claim 19, wherein said one or

more sets of electrodes comprises platinum electrodes.



based nethods. 16. A systemas clainmed in any one of the preceding clains,
wherein the systemfurther conprises neans for heating the contents of the
| ysis unit and/or the nucleic acid extraction unit. 17. A system as cl ai ned
in claim16, wherein said nean cenfiréses one or nore Peltier elenents

| ocated in or adjacent the lysis unit and/or the nucleic acid extraction
unit. 18. A systemas clainmed in any one of the preceding clains, wherein
the nucleic acid extraction unit is at least partially filled with silica
beads or_particles. 19. A systemas clainmed in claim18, wherein the

nucl ei ¢ “%acifd Sé/ﬁ‘?eé[bﬁsoﬁ:]tﬁﬁ“%gdf drt REY O8FpAtsédCoRdesrdidi% sets  of

el ectrodeas g acante dthe HildLaRaads @l iRar Yelsesitf @ scol lecting and/or
preconcentrating the eluted nucleic acids. 20. A systemas clainmed in claim
19, whertgiol cgriiah lorfe wird, reorde iget profdusitectanodey icompreinded dllatidnum

el ectrodes. 21.. A systemas clained in any one of the preceding clains for
extract i%rg drﬁhﬂ i 36 ‘present in a biological fluid, a dairy product, an
environmental fluid or drinking water. 22. An apparatus for the anal ysis of
bi ol ogi cal and/or environnmental sanples, the apparatus conprising a system
as defied iAm appgreEwf fdie thecddilng id @inbicddgimla HKit for the

anal ysi s_qf. bi ol ogi_cal / or nvironnental s l.es, the kit conprising a
system aesnvflcfe n|mneen%alcln Sé—%pp(;dlnees ’oft%} eapcﬂaari#susl cto%%%fsér? ffedns Tor contacti ng
the samplse wittihddearsystemn2dt AhapRdyaidih@sleligisted in claim 22 or an
assay kit as clainmed in claim23 which is disposable.

23. An assay kit for the analysis of biological and/or
environmental samples, the kit comprising a system as

defined in an one of the claims 1 to 21 and means for

contacting the sample with the system.

24. An apparatus as claimed in claim 22 or an assay kit

as claimed in claim 23 which is disposable.





