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WO 2005/ 073691 PCT/ GB2005/ 000308 -1 A diagnostic

system for carrying out a nucleic acid sequence
wa@opkioficernt i on and detection process The preseOr/GB2005/000308

invention is concerned with nucleic acid 5 (NA)

extraction and, in particulgy, an integrated |ab-on-a-

chi p diagnostic systemfor carrying out conbi ned NA

extraction and concentration. The system may be used

to cam Wiidnosthd SBAURIC Eamuddhaidid uend nucleic

detection process on a_fluid sanple containing CelTs.

10 Thagid; ae%ﬁacﬁpm;fa-ﬁatmar apd dpfegiionopregess

of sinplified assay systens for detection of

bi ol ogi cal nol ecul es which allow an unskilled user to

per f Ghe Eorgsleent iassat ipmoded wreessamridibwi tndueslesioracid

Mor eover, there |s a .15 great deal of |nterest
HE) PEERaRtI6m CoftaiRed s A B b ke on-a-

iRl Rl ghRdling aft dnl GWrd JaeagaMS o@%aﬁuﬁb&m be

automated to all ow the assay procedure to
egsrbotied wnch qqqrmerlfmraltmo@r vefthieors vistem tntaaf Useryseghdo
c%ﬁ_»%{y:;] lo%‘f gﬂr ngm gc%eu(r:lnﬁbeiqtftels rl%‘ﬂ .dﬁ‘jno? FAWEN SN rocess
opagt ifguliar Is)ampe.lee\owmaummdwellaa t hcar e f| eI d,

especial |y diagnostics, where there is an increasing

need for biol ogical assay systens which can be

of 1 ahent ¥ Ardesal Rl aRenalked Wd i) dhe daflfipdent of
surgery, the clinic, the veterinary surgery or even

siimptlié ipat eesE'ys sy2% drenegoar det adia dni el blologlcal

e R LI T LY N——

a%bagogk%%bdh%%%tMQ&%OU&E%%bhbn%ﬁ@dy mahvdreaget, there is a
han by the user and also 30 permt the use of

ggeall d§arlp|0é volterest dnsitgsi Cevadormeifamfageoritgrined assay
?gg%%%{%%hc%eﬁ%%ng% Wﬂh&%aﬁe%%!%ﬁjgﬁp%ﬁ§ﬁiquld reagents

and which can be automated to allow the assay procedure to

be performed with minimal intervention from the user, and
preferably also miniaturized to provide a convenient system
for point-of-care testing. This is particularly relevant in
the healthcare field, especially diagnostics, where there is
an increasing need for biological assay systems which can be
efficiently and safely operated within the doctor’s sufgery,
the clinic, the veterinary surgery or even in the patient’s

home or in the field.

Microfabricated "lab-on-a-chip" devices are an attractive
option for carrying out contained bioclogical reactions
requiring minimal reagent handling by the user and also
permit the use of small sample volumes, a significant
advantage for biological reactions which require expensive

reagents.
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WO 2005/ 073691 PCT/ GB2005/ 000308 To achi eve both
purification and preconcentration, analytical chem sts

whaws/ogesneral |y resorted to some kind of ext rBCL/GBR005/000308

procedure. These nethods involve renoval of the 5

anal ytes of interest fromthe_sanple natrix, or
alternatively, renoving all other species fromthe

sanple matrix to | eave behind the anal ytes of

interest. Extraction processes can involve transfer

of Sﬁfdéﬁkfronwone l'iquid phase to another, or the

capt ur%e B IGECiRET yHs B 1 Faful on 1P Hrisec omtenarsol o,
S 1 rHARS r-econge ration of a |,
spegi&g?ai srégenersfeltl%:r 3r;EF<r:{rr1VoetC ac eTre{%/ie , ]‘neusﬁ etsesél Sof vipieej kind of
Saxdmardlipnr empredivreom tles gEhaset leafy aimidigre thdhoval of the
he Iatt%%‘cas , however, preconcentration

jes. 1n.t
el SVEETST O HdlvmRdn &Fitidingdarea i s

can-pe acC

dlaegeatd vengygh chidviind J1or %ﬂf@lecéﬂ&fi%?t S ecl}e sample

present in the solution in contact wt e surface
matraffy tondeaivre behiad (e spedivescart hmtefddst entdstraction
(=Y f - i usi ng onl snal | L
PE8UREds) IR A0PotG SR 0 MRk 320 ine 11uic
phaper tantnaspect ofr the mugheire 2@ ¢peNRle AE 20 1iquid

greatnegt groc&dare, sol i d- phase extracti on has been
PRASpt 8B CA*WEPLE8sPaBIERSRed Alicitdiec faeie rexiasast i on

pietBadent R¥ 0L ¥hng rbiindi,ng ; f ihihca particl.es
in the Bresence of a ?haé%?oggéggégﬁﬁl&gégqéxﬁéhﬁgved'
uglesg. selvantMier ebkolvelyl@80ovas, £48h 503) phEke containing
S Lnyvention_jnvolyes 25 integration of a
tgéﬁiggéﬁggé‘ex PabPPoR eIk ERoBFSr CVffe Preconcentration

cahcbef huhﬂéfzedevme$a)lﬁhbhave&i@é@gé b@}ﬁa%'gggr% é}; large

extraction and concentration may be conbin

SPRRIL et R BF oPaBPi Baleaudesi tbaor asgpspersastused the
el L B, ML B Rl ine, anc
(b) species can be efficiently removed from the solid phase
using only a small amount of eluent. Since preconcentration
is an important aspect of the nucleic acid sample pre-
treatment procedure, solid-phase extraction has been
adopted. A well-established nucleic acid extraction method
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
integration of a solid-phase extraction method for DNA into

microfluidic devices.

In the present invention NA extraction and

concentration may be combined.

By the term microfabricated device or system as used

herein is meant any device manufactured using processes that
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-3 are typically, but not exclusively, used for batch
production of sem conductor m croel ectronic devices,

w@nwsioredr ecent years, for the production of PCT/GB2005/000308

sem conductor m cronechani cal devices. Such

m crofabrication technol ogi eg_5 include, for exanple,
epitaxial growh (eg vapour phase, |iquid phase,

nol ecul ar beam netal organic chem cal vapour

adepdwpia)ly ) ib&mmcﬂp@xdhgspmuﬁ, ,ugécleCfds_@nb@ﬁ@Hh

- h eg chem cal, gas phase
p)fﬁog’g‘%%‘ilo% eaeg‘@glfq%?g Iéﬂp@gﬂ%lc%@romw%vmes, and in
rERIrYY -4 0re ol A Hdl yand, atid %@gs may ugtor

non crystalllne material s suc used,
H}ﬁw@&ﬁ)@f@&@d GHeMiases. arsudly punatcb@ab:fman&domntechnologles
#éllfg%sg¥gﬁ% %guctor subst rates such as S|I|%$n
i IR arsehirae” WA HS el§hafapour phase,

lequnId I ECIEN mddLMaffalbé%ﬁn | ﬁﬁeﬁgaflat&%éﬂ@ éﬁ@nf’é’aﬂ Mpour
5 the use of convent i onal integrated circu
ey, (Eentihvdidons Ifctaron beam— x-ray,

c i C 0 nor e other
?“e %%%?i” su%%%i“é%?'“%ﬁi?hﬁmvﬂ%ﬂdr oS Bl TR
eiesttaioglepicsdttedg| esmttteaumg‘,r etjufeiid YorusRbirdNthnd ion

i nten to fall n the scope of the term 20
i ¢ 6‘%& ficlat eé‘lﬁi é’&g P& CTASSE Lildtnen ded a0 F et Isuch as

g%b%@lﬁaytﬁ% %%@@e %ﬁc&%%éﬁ%ﬂ@d@éﬁ“ﬁg¥yé%ﬁﬂé?%z¥§%1cally
polymeric replicas made from for exanple
f@FV@@applﬁéY§§ﬁﬂé@ﬁ@u@E@ﬂcogwmstmateub&ifﬂﬁesssﬁdﬁlay1

ri [ nd/ or. RNA.from bacterlm
S%?FSH %@lgtrl&gﬂ frl EPaSSr s VA Re bt 5 van ARy tharteas
emécteohmclOgycsuthya&ayf@é Qﬁ%@@&%te@!@%QQSE%%SGystem by
envi ronnmental nonitoring, forensics and nol ecul ar
BFOPSSyOfr€§83?8510§61NP@F@S&Bﬁﬁ@aPﬂ@@WLi dabrication

tabhhaghive cenrbi it i8R sMBINIty; Lok 219995l 0G ARY38n,
for carrying out b|o ogl cal processes

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

microfabricated used herein. Also intended to fall within

the scope of the term microfabricated are polymeric

replicas made from, for example, a crystalline semiconductor

substrate.

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,
environmental monitoring, forensics and molecular biology

research.

Microfabrication is an attractive construction method

for producing devices for carrying out biological processes
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WD 2005/ 073691 PCT/ GB2005/ 000308 -4 for which very

smal | sanple volunmes are desirable, such as DNA
wa@egaensel anal ysi s and detection. One su_ch devPCHGBR@IS/000308

carrying out a polynmerase chain 5 reaction (PCR)

followed by a detection step.is disclosed in US

5,674,742. Lanb wave punps are used to transport DNA

prinmers, polynerase reagents and nucl eoti de reagents

fofr omidihrvee ys eperldt esasiglrage Obeees e idd i Ai51 09! uch as
eaction ch%gggr,as and when required to carry out a
D SAETESs 2F0 %5t anse dRfEriur e of the reaction
chanber being cycled as required. Another _
m crofabricated device, for carrying out a chem cal
r eameo@u;qhe@w@dmm@mwmﬁ]r@tdﬁrxm;p&sliﬁnéﬁase tChain
rati tep, .is djisclosed in Analytical Chemstry ‘
o3 SRIEA" LRAY! S el 36] oschl L Anal vt cal, Chem LY s 1
USSBhSUHat7a 2 .COVRmBd wlyred ciines fUALE R P d&:a@lsg?oa&é '

chanber and connections to buffer, analyte, reagent

pr&ﬁﬁrﬁmaPV@Qm@é§§é reagenid red asiadedtiae arragents from
C Si I ected, 20 ta _a_waste ,

LB R o S b LT toaced L FioastT G
Chehi8BARSi snd whenhneegteperdent d=2ehinehegy HH LYyrdes,

.used. for the ontinuous anplification of nucleic
Wlﬁ@i géei %ea”@@ffﬁ PEe28inftReureast ione chemperatagiag cycled as
reGligekher mal nucleic acid anplification nethod) and

was one of the first RNA transcription-based

anplification nethods described. NASBA nornmally

i npl ‘apid alternative to PCR for
nucke et PR AP RPFABREGA" aRd oFe capabPeTarag e g

chami381 RNaatpbhf beapi 8810bwadbbl! banefakd bpn8esis
mnutes. Wth respect to other anplification systens
SCRRERT L8Nt AESPCRISt 8ERALGERT fhelabilittiyadf CNaBBAtry 1994,

schompgengeys!y AndnY® 20051073691 ; RCT/ §82003/000308 .
covered by a glass plate provide a reaction chamber and
connections to buffer, analyte, reagent and analyte waste
reservoirs, as well as an electrophoresis column connected

to a waste reservoir.

Nucleic acid sequence-based amplification (NASBA) is a
primer-dependent technology that can be used for the
continuous amplification of nucleic acids in a single
mixture at one temperature (isothermal nucleic acid
amplification method) and was one of the first RNA
transcription-based amplification methods described. NASBA
normally offers a simple and rapid alternative to PCR for
nucleic acid amplification, and is capable of yielding an
RNA amplification of a billion fold in 90 minutes. With
respect to other amplification systems such as the PCR

technique, the ability of NASBA to homogeneously and
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-5 isothermally anplify RNA anal ytes extends its
application range fromviral diagnostics to the

w0 pasozdspon of bi ol ogical activities such as PENeB2005/000308

expression and cell viability. NASBA technology is

di scussed, for exanple, in Nature volume 350 5 pages
91 and 92. Nucleic acid anplification in NASBA is
acconpl i shed by the concerted enzyne activities of AW

irsegreaend Ianseig 10t B @NM;}%@%J&M?&' I AS8e ion
together with a prinmer pair, resulting in
AN O GFL I@b?iafﬂ%i)ssﬁlrﬂﬁ et%ttﬂmldls’@ﬁmidwaatof:a‘muologlcal

I d n ybrjdi zat.i
a:rcgcﬁﬁ)&%e%?}héﬁpafsogatlon Stsuf%t%?% jFﬁIA %Jnﬁjaif%l NASBA

teechNaSBA v dsuldis dussedjudits tatdmel e NUG QiL0@6d Grolume 350

det ect od with g dynam c range of four |ogs
p@@teswl%lcﬁnge(%ed Hue & |afci1cdatqnbhllr@a‘tacﬁm PperNASBA is

a@@@mglfﬂs@@d o tHY Somihad d %112;9%5 oved ngﬁgl% a% | M

by the 15 application of nult
rﬁﬁﬁéﬁﬁa¢rﬁmﬁcr§$&@@@nd§nadmedi|ﬁuﬁdﬁﬁkﬁﬁ@ﬁ pﬂmymﬁﬁsgﬁuj

Bepfhasiesianbunesance (600 Setech oo opumitacion

offeeds nOp ¥ 10K eSisep adldeh&Nrampait iGat lr%cafl%,c%fes R4 for
guantification and enables the 20 addition of the

d?ﬁ?&FﬁBP byahakrdsicatine élle”cmoeﬂél sdisl @pplicatiysi ©f an
ﬂa%&aalpm% skQnkieq a%gugbgﬁaol qn oIlﬁ}a?et%%%&

acid. This approac has advantag
nacildici solidt deneetfibai estjicdasind antdywente RinRe of four

t titation, which in contrast to
LRgE noHE Wh &/E‘ BRYER ééxu AEBLA&R Catdndargs carieons ved
qubhBiEheawh be- tYQﬁlguﬁéghSdaEbd1m§&%%%d'ﬁ%g@%%h%%ﬁay by the

fromthe clinical sanple. Quantitative
agpségaséeani afNusleiplaci diResegndlshabdeg) ivaleurml RHA

ﬁgggéééésgdéégg%Prﬁ %geESngghg%% %e%gbs ty':oggcedure
ehectrabtyedflinvnbyenge eNEy Rt Hetbeadohasedndet egll 0fnis

and el ectrochem | um nescent (ECL) detection or
O??quggch?ntltatlve (Q) NASBA needs only one step of the
amplification process per quantification and enables the
addition of the internal standards to the clinical sample in
a lysis buffer prior to the actual isolation of the nucleic
acid. This approach has the advantage that the nucleic acid
isolation efficiency has no influence on the outcome of the
quantitation, which in contrast to methods in which the
internal standards are mixed with the wild~type nucleic acid
after its isolation from the clinical 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 procedure, normally
involving enzymatic bead-based detection and |

electrochemiluminescent (ECL) detection or fluorescent

correlation spectrophotometry. However, as these
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correl ati on spectrophotonmetry. However, as these WO
2005/ 073691 PCT/ GB2005/ 000308 -6 nethodol ogi es are

whedosoogeneous or they require some handling PET/6BAGEM00308

or robotic devices that are currently not
cost-effective they are relagively little used for

hi gh- throughput applications. A honpgeneous procedure
in which 5 product detection is concurrent with target

pldddleatian by dde. genaradionof ciep argets speghilc
signal would facilitate |arge-scale streening an
Fand!l g satssel Ree oot e dewetenuchai caaei durrently not

defiectd : N obhes nol ecul ar .
beac g?s%&t 13%1]&[9{ ue%gasrc%%geﬁ]ldaytolu‘ﬁo gy'e)oiﬁ% z“.’ﬁﬁf’?%nj‘?l 9qp high~

Dhintdughpeitr aarigietat fass ; fllaeen_ﬂdmcgg&mds ;ﬁé&@d’ti@%eif»n which

t he, science of, Iiqui ow in, for exanple, ubes. .
PRSP ARTRETT R oF RANGHREETY GH 6T e Ta%H Rtk bigation by
th ft i ' les . sized reaction, ..
g R E T L L G SRS
largsysicage, scoteamyinoummdrfyirlecherqged MACUURE ently, a

. [ t he devi ce.
R Ear REEIS Rt et FeE s R e v ARt oprorobes

(hankcudwe PeRiong )elenentrs v e JHQvided, asmard: Aftion
the device itself. Other conbi nati ons 20 of flow

wdGht FHR1El ErENEd i hasudiesy pawpodursidies and
precharged vacuum and pressure chambers may be used to
control the flow of fluids through the reaction

chanBénsdicet lier tirechanicsn® bar 1tic@nsP@lownd f,| WS example,
i nclude el ectro-osnotic flow 25

ithin the syste ] _
tﬁh?@rna Pondl CﬁﬁgéﬁflgﬁﬁﬁﬂcQﬁWéEeﬁumﬁL9ﬂiQQ1QNildN§ through
cRa/ 83365 abakeseta 3rMherobaby Gahed Sicac! ian ghagber
system which may be used in a nethod of carrying out
CRAmBArs LAt EyRACROAN aphtiemedapplingati pumposuch as a

PO ERRR el e e -0l S LS e coue
external to the device. Alternatively, a micro pump or
vacuum chamber, or lamb wave pumping elements may be
provided as part of the device itself. Other combinations
of flow control elements including pumps, valves and
precharged vacuum and pressure chambers may be used to
control the flow of fluids through the reaction chambers.

Other mechanisms for transporting fluids within the system

include electro-osmotic flow.

International patent application publication no. WO
02/22265 relates to a microfabricated reaction chamber
system, which may be used in a method of carrying out NASBA.
International patent application no. PCT/GB02/005945 relates
to a microfabricated reaction chamber system and a method of
fluid transport. The system may also be used in a method of

carrying out NASBA. International patent application no.
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fluid transport. The system may al so be used in a
nmet hod of carrying out NASBA. International patent

wa@ppsiozambi on no. WO 2005/ 073691 PCT/ GB2005/ 000BOBGB2005/000308

PCT/ GB03/ 004768 relates to a mcrofluidic device for

nucleic acid fragnentation. ,The device nay be used in

or conjunction with a mcrofabricated reaction

chanber system for carrying out NASBA. 5 The present

BAR/SRADI0 168 desl st sy stem i c £ T de @841 Be SAIP! Sucleic
rect)? ation rocess on a fluid sanple contalning

agc ¢l e 1FV kSR teay conpissdngn ofa) an

ddi-eindtar I SI S. unit

Iys?l s of élgl“{ls?ﬂa%d r partglgl('(ﬂ Cgojln A el ‘F‘P‘i‘rﬁ%er system

Faryicq rgaplde oytc NABBRucl ei ¢ acid extraction unit for
extraction of nucleic acids fromthe cells and/or
particles contained in the fluid sanple; 15 (d) a

reserhel preeRndi Ninfera ilors ips-dvitdd
cont ai ni ng an el uent for rgrsrfowlng mﬁ(:eggsacern?sf# ¢drrying
e

ogsl PeSEB@ nptrﬁ@aﬁ@@ll@mc Parsiag sex toma et ifdnuiuhiggmpther ei n
e et |_ui.d mTunlcat|on with the
CF’?E‘ |a§ﬁgﬁbt Cleg%%o aln naI FANE S Sirnd 5y SYSHE™ & ERRoing :

(20 the ﬁhéwtoﬁfoﬁcl lal d luHer %b&@w@en wherein the lysis

tsL n flui,d communication with the nucleic acid
égtrgc YEhSulPtt gﬁro6ﬁfséﬁapfvéfle\lésb@wﬂdorplp@$¢rucha$

connbiabat by thawealuibl Whaohber ebet ween: “wherein the
reserv0|r containing the fysis fluid is in 25 fluid

(edbmmannealeda WptLti thérbgsisnunntt &BropikiceRait vl W&
R EEerGEan: “hRn° SRer EPLenanddes: vart eorparamig inke in
teéuehtiidssampiépi d communication with the nucleic
(gfldae§é£gféégg gga%alggng 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, 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 extraction unit, an

optional valve being present to control the flow of fluid

therebetween.
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optional valve being present to control the flow of
fluid 30 therebetween. WO 2005/ 073691

wERADSAEBO05/ 000308 -8 The system can be used PECI/GB2005/000308

mllilitre sanple volunmes for routine diagnostics.
The systemrelies on certaingreagents being
pre-loaded. 5 In the present invention nucleic acid
extraction and concentration can be conbi ned.

Accorthengystdmecgu asentised nyenhi D1 PLOvE d8SmBle volumes for
integrated | ab-on-a-chip diagnostic  systemfor
EHPVIHFIRANS Sl e Preparaisbnrlbedsen Feetasystreagents

HBEhéﬁbfguﬁggab r in conjunction with a 10
m crofabri cated reaction chanber systemfor carrying

out NASBA. At |east sone of the conponents of the

syst re referably mcrofabricated. Preferabl

the ﬁ{}n‘s%sh%ﬁ%‘%s% TS R R e +F e%&%%c%%ag%wr} and

ddvedntsias ifdrilich @seraiyi finl. t hes f@f}{f g{@%?f@;ﬁr@é&m
or on

mcrofabricated and integrated, i.e.
1EBTRTH U Ptavace s e imdsernatied dait-aimiarechhe disisostic
fJui d i r ef I O.in fluid comunication with
Sé}twsléHe?(lnlfzjtr? cgﬁﬁr 3’%%‘%& vaalsv‘_jéanﬂbeeipnrgeEbai’re-a&*ffe]rﬁfrl tRF ool The
stytsee el anayofoef usied! tiercabetrivestn § ke 1 @5 8FMai I'a

containing the eluent, is preferably in fluid
T SRR W e e henbedh ssfittiesnalow atamr higiqgout

NApar.esent to control the flow of fluid therebetween.
The system according to the present invention wll
typically further conprise (g) a nucleic acid reaction

uni t erein the Leic acid extraction unit is in
£ ui B30 B8 mIRPEaliot B (PTee Qlc e Fysdan e
pitRiferabay moprogadlrivalkee beipe MRresARt, Lot e, the
flow of fluid therebetween. Preferably, the nucleic
NYEILE1Fe a6 P RXGHRE LLONWBNIAGG5/0736YE IRCTIEB2D 05/ BO080% and

the eluent reservoir are microfabricated and integrated,

i.e. formed on a common substrate.

The reservoir containing the lysis fluid is preferably
in fluid communication with the inlet, an optional valve

being present to control the flow of fluid therebetween.

The reservoir containing the eluent is preferably in
fluid communication with the inlet, an optional valve being

present to control the flow of fluid therebetween.

The system according to the present invention will
typically further comprise (g) a nucleic acid reaction unit,
wherein the nucleic acid extraction unit is in fluid
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
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W@ 2005/08d9put in the reaction unit.

9 mcrofabricated and preferablylinteg:atednggtgethe
oth entional reaction
Semeeonu T n the Toacti e Pr ef er abl yPCT/682005/000308

[ i [ ific target
reaction will enable detection of speci _
sequence and/or quantitativey5 analysis. The nuclﬁlp

acid reaction unit will typically conprise a nuc e!ch

acid sequence anplification and detectlon unit, PQ:C
méﬁé@ﬁébrdﬁﬁé@ﬁl@mdobnaﬁahdbﬂy:i gé Egc éﬁf

Ex | nclu
c@ﬁl gﬁ%?%a: fla |tY: %E@g{%?%}%logg‘éhﬁ%%%;ug@m$é\wleﬁ1%ut in

| ecul ar
t ttpoaf anied i $ ' A“S'n m
meaggﬁstm Accgggln |§%%%na§lg§e%%%rega§§& &t Witltle enable
dﬁf@@EﬁPnlﬁ@eﬁPP@hflﬁrQEKQGQ arquehegr aheor quantitative

t stemfor carrying ou
T B charat AR R Fue Faarh i Bqueabenill Typically
cgmpr1$ecatmuulaﬂd d@i@CEéQﬂeﬁE@CQﬁélQﬁléagl%Idﬁggwgﬁiectlon
5.CO alnln cells and/or particl nore - pre
ul%le% ©S | fiekerbiconaf patenfiappbyashtes by a

10 053 descri bes a

nn1cr%%gi%ggé?§%1¥%%%$?on cﬁa%%%? Ry st BRFMPSES caREYAg PCR

Qﬁnl?@%§§¥mii)amgﬂs@s¢£md@mc@éﬂhﬂgqﬁ@3tQ@Cpr§§eﬁA?BA The
i nvol ves concentration of

mdéﬁ’ éfgkr<fg{2&§b Q*ﬂﬁ|¥ﬁ8%%|m%;ngy@¢beamﬂar beacons.

: and. lificatjopn and
Acgﬁnec?ﬁgolgn %fSH 'Irghqewﬁ seysterﬁrcfrgé ﬂ&ie%{%)oprr?%%nj%d'%‘é%m?ﬂgm
36EFVﬁ@mlnﬁﬁﬁﬁﬁﬁﬁﬂniaHxnn%a&nhﬂpedﬁ%@h?g%aéﬂ%¥stem for
tion will typica
Ca*&??ﬁg’? e Feefl B Rar T« mers) mdive SByence

amwdgﬁgcamubn|&ndndkkmdiﬂawﬂ§£8d§§§‘Hﬁ 14y Jhe d éﬁp%%e

i onal val ve being present to cont

cog@a&hlflgf Fﬁﬁf&smﬁ%@a GPIGITIPCT/ GR2GOTIRHR3CD 1y lal time

I"ow O -
IS
NABBﬁ[ebQEﬁ@@H?tgbﬁggrﬁgkﬁnttg%pﬁ%ca 180 %ubllcatlon no. WO
1 crofabricate
02752265 describes a microfabricated reaction chamber system

for carrying out NASBA.

The system according to the present invention
preferably involves concentration of, for example, infected
epithelial cells, lysis and extraction of mRNA, and real-

time amplification and detection.

The system may be used for the screening of cervical

carcinoma, for example.

The system according to the present invention will
typically further comprise (h) a waste unit, wherein the
waste unit is in fluid communication with the lysis unit, an

optional wvalve being present to control the flow of fluid
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and preferably integrated with the other conponents.
The systemw || typically further conprise (i) a 5

WO e®s0vedTr cont ai ni ng a washi ng sol vent, whi chPCT/GB2005/000308

reservoir is in fluid communication with the nucleic
acid extraction wunit, an opfjonal valve bei-ng present
to control the flow of fluid therebetween.
Preferably, the reservoir containing the washing

tSeinetrtt weterll Crefeadydgatyed wd weferably 19 microfabricated
|nte ated wi th the other conponents. The washing

LRt e ndfsE@T 9 orhtdhythaiietdite cotpemnt Hut
preferably is one which can be readily evaporated,
for exanple ethanol. The systemw || typically further

conpﬂﬂsﬁeay$tam.hﬁjﬂesgnNMMalhyNﬁ&ﬁﬂhéﬁlébmﬁﬁﬂﬁéwl a
vent,, %h reservoir in fluid connunlcatlon

Rﬁ%ﬁﬁvpﬂg SROtEE G ¢ seshaad Gel ey, R dptieirgvoir is

ivalry @ ke icdehmRig TRt o0 WM e tRE oW of g Id i d v ion
t herebet ween. Preferably, the reservoir con alnlng.E%

Ud$hi Ag @@t@@@ﬁlugaﬁwer@Eamgu@a&aﬁnﬂndxpmaﬁﬂnaﬂlwhe flow of
g with t nents. The washi ng
P el o B P raRedsy TR dine SRR B ing
tpeeWasabhg sp1loRat WRi 6h cgaFabe ifeadid Ry Yy ﬁgfa%ﬁ¥
e

exanpl e i sopropanol. The reservoir containing t
l@FS@ﬁ?tﬁg H&&Qnﬁ&@e@@@ﬁy compoR efitigi.d &mﬂnmﬂahﬂngnsolvent

m&&tﬁethﬁoggﬁeE B §9 @5 @%lv%%&st (ﬁﬁfrably is

sol vent (eg ethano fe reservdl
opaswhhghsobhureht @egduﬁgpenp@b@bkedwbE@ra@%éﬁkﬂﬁﬁ%%ﬂdhol
the eluent, the first washing 30 sol vent (eg ethanol)
and/ or the second washi ng sol vent (eg isopropanol)

are cpat ai;pedmi Ri21COYRRR N ESE
achi eved g sg a%atlngﬁ?hg g ugﬁ?%he Efﬁpg? magalng

r@ﬁ?QEGSFO?QBQilPGWQGBZ@@Sh@OQSSSlvemI sohieht resedr@oir is
shhey seaong RREL0g. o0 vent Ligmyans anoter, L the, o,
ugkappae, optionﬁlhealvéebéﬁﬁ§|ﬁgeséhﬁlQ% Ebhaods 8t flow of
f§Ul§ %herebetween Preferably, the reservoir containing the
washing solvent is microfabricated and preferably 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 isopropanol.

The reservoir containing the eluent is advantageously
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
solvent (eg ethanol) and/or the second washing solvent (eg
isopropanol) are contained in a common reservoir. This may

be achieved by separating the eluent, the first washing
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can be used, however, as long as they are inmscible
or at 5 |least substantially immscible with the

we@bkwent3eot he first washing sol vent and/ or thePGEGB@®S/000308

washi ng solvent. In a preferred enbodi nent, the

el uent, the ethanol and/or_the |sopropanol are

cont ai ned in a conduit or channel 10 which is in

fluid comunication with the inlet and the lysis unit.
smereeimand/dmeueé twwnean@usz{m@eséﬁ@&wp?ﬁ&h b&L n?nother

rated by fluid gaps such as air or exanpleée
3$§@ Iqeq%ﬁﬂQ%ﬂIgyfﬁhqfﬂﬁecmﬁmﬂlﬁbUi&)swﬁmnss, for

el:%nfpﬂre ' @1r10ducﬁtriﬂeﬁ ’@é;ﬂagﬁ ngs [ n 3 %Jpegases)

inlet. Said nmean pref
Sy ibegetsedil theweatd velas m@wmm&mﬁimp@%r at
nor.e V%rﬂngrll VQ| ume chanbers in conmuni cati on

atsF]c £ % MSSE L Aty ithe thlusmt unitheffirst

wale 1 isaliive ol e 20 1ehAmRer ) (L des!
restr?{:ts flow of a fluid sanple '1nto agidﬁac_!oﬁ;ou
the inlet. The variable volune chanber typically

I rrb overlying a hallo
Fecoon” i P RS Ry e e 48 ‘STiRet mation A thanol

apdVemtth&ppbb@abpanoﬂoarBC$k@E@§&QQ5%4559%§ﬁﬁhﬁﬂ§c&-channel
erred fl ui 25 transport system The system may

Wgaggntlﬁgé&élﬂflﬁle C@W@ﬁCBVlQHSWﬁ@Ihegh@tmmhﬁg: syst eJ’ne lysis
The S t ta e and

G gur st Pon Bty STE CEYERETY Pt LR iR d Portanod being

sehanaekd by fhantlegapFheukysas ufirt gapspr efgr allayhey,

lysis of WD 2005/073691 PCT/ GB2005/ 000308 -12

eukaryotic and prokaryotic cells and particles

Contahéegybﬁemth@ll|€y§1§§ﬂp efukEhg§SEBﬁgwﬁ% iﬁ heans

further conprise a 5 f ration unit
f?% intrearaiegnrufileadi éﬁmwlehantiherl ¥sirs inmiot th@h&nlet

Séiétﬁééhoﬁrgféfaﬂ?¥ 88&B£5§§hg 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
chamber (s) effects and/or restricts flow of a fluid sample
into and/or out of the inlet. The variable volume chamber
typically comprises a flexible membrane overlying a hollow
recess in the underlying substrate. International patent
application no. PCT/GB02/005945 describes a preferred fluid

transport system.

The system may advantageously be driven by a single

pumping system.

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



X le, a cross-flow filter or a hollowfilter.
2]?2Pnatively, the lysis unit may itself further 000308
weowpo7ser nmeans to filter the fluid sanple. SedTGee®
may conprise, 10 for exanple, a cross-flom/fllterlor_a
hol low filter, which may bepyintegrated with the lysis
unit. If desired, the systemmay further conprise a
fragnentation unit, which unit is in fluid el
SEFPAYIitd At iaow pﬂbkdﬂybﬁﬂuadémmg;éﬂatpaf¥£é§é§uégﬁ%g&ned in
he ysis unit may itself further conprise neans to
t%rag%%§f§ﬁﬁg¥h@uid sanpl e. Random fragnentation of
DNA or RNA is often necessary as a sanple
pre-treatnment step. Fragnentation may be achi eved

i EaRIrPdusithg sstRINC agn feRAHERS cdpriifough 20
fgﬁgigggﬁhoH g&ua Bﬁg ical force to_break the nol ecul es

(see, %or exarpl'é? E.uﬁ?tHéﬁgéﬁ,fﬁﬁéﬁd§ommu®hmﬂtmun with
tisei Lysisohnit22, Thp. £278ra214n %1%%} %Bgz EZ'O_IIEIE%‘&Q%VI aor

Proc, Nat. Acad. _Sci. USA , vol. 45, "pp. = ~1568,
ei@%@%e'DNM?r??égﬁ%ﬂWaﬁiéﬁebyosheahbm@ouswaﬁh¢r¥hvolvsﬁ

h2e; .t hrough a short _constriction. '

T oror o obod ekt | UDRA HAd) OFSRMA BrekkeuRGBET e

i hr oygh4a r :
m%%%%aﬁQCéilt@mCEhGMﬁE@lggfgfgﬁ%hg 98RaomBah My comprise,

f6¥iéiéﬁblg#ﬁ%éﬁrégg%g%%% fehtertoraasheatotof tetewhi @hich

pressure-d \ Shs or e

dyedsts 1rotddaonent 2 ihe; 30,0 l'eic ac .
mIyneternatiognal pat ent gbp ié%t}onun%g PCT/ GB03/ 004768

describes a mcrofluidic device for nucleic acid

' / GB2005/ 000308 -13
f ragmeniati R 2005/,073691 PCT

The I'ysis unit’ wafnﬁxﬁﬁﬁmeﬁXrﬁﬁr?ﬁﬁﬁn¢@mpm@%ﬂﬁzto

Foppier ation i <Al and TR0 (AR e o
wi%égﬁgefgggﬁéggpﬁé;th@i{ernatively, the lysis unit may

' itself further comprise means to fragment the fluid sample.
Random fragmentation of DNA or RNA is often necessary as a
sample pre-treatment step. Fragmentation may be achieved
biochemically using restriction enzymes, or through
application of a physical force to break the molecules (see,
for example, P. N. Hengen, Trends in Biochem. Sci. , Vvol.
22, pp. 273- 274, 1997 and P. F. Davison, Proc. Nat. Acad.
Sci. USA , vol. 45, pp. 1560- 1568, 1959). DNA
fragmentation by shearing usually involves passing the
sample through a short constriction. In 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 to fragmentation of the
nucleic acids. International patent application no.

PCT/GB03/004768 describes a microfluidic device for nucleic

acid fragmentation.
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contents of the lysis unit and/or the nucleic acid
extraction unit. Said nean may conprise, for exanple,

wop@s/omsonore Peltier elenents |ocated in or aPfEGBRI05/000308

the lysis 10 unit and/or the nucleic acid extraction
unit. The nucleic acid extragti on unit may have any

sui table shape and configuration but will typically

be in the formof a channel or chanber. The nucleic
acid extraction unit is 15 preferably for extraction

of e r i.c. and prokaryotic cells and particles
contg%%e %%%Stﬁglﬁ dey sdpild. e hakl@impmiciad means to
féxteacthen Funiiy @@ | rtgally filled wth
silica beads or par tpltl%I ggl.d %%tnosr FE%O fﬁ%r Wt Sy fluid
s@W@é?rodes may be provided adjacent the silica beads
or particles for collecting and/or pre-concentrating
the el uted nucleic acids. The one or nore sets of

el ecthedeystey mamafugehekabbﬁggag%gs?ngggg?gpfrgp SAliiRg the

. ns. may therefore
C(g%%%;?‘é%t?gll\@g% a}’#%r@ﬁéé abedes the shedtiadesidThe

eektaacibOnueet! i8a3:iH" formed from or
conpri ses_pol y(di ﬁ%%ﬁyﬁﬁélgﬁglﬁ%%efom?ﬁbﬁ%). gtn‘Pﬁeeéiﬁmf)ler one
oML yPr el ey ebepense hosabstr aheoanddalccAyerhyi ﬂgsis
ur?Pé/ea[nd}#? axd rrgactjeon uni t ~being defined by a reces
in a surface of the tUbdctat X bhdcthenadpatent 30
surface of the cover. The substrate is preferably

formed fromsilicon poly(dinethylsiloxane) (PDWVS).
The B R&hd i st metavesunt they piesenNsey Ofuitab] e

e RS Shhuvouth £he form oo
2 ghegmeddex) chm;beadvammgeﬁidﬁﬂéﬁcb%dﬁ%égﬁa{&/ﬁgﬁ LBl ¥ is
P e e
S e T B

The nucleic acid extraction unit may be at least
partially filled with silica beads or particles. One or
more sets of electrodes may be provided adjacent the silica
beads or particles for collecting and/or pre-concentrating
the eluted nucleic acids. The one or more sets of
electrodes may comprise platinum electrodes, for example.
Means may therefore be provided for applying a potential
difference across the electrodes. The extraction cell is
preferably formed from or comprises poly(dimethylsiloxane)
(PDMS) . The unit will typically comprise a substrate and an
overlying cover, the extraction unit being defined by a
recess in a surface of the substrate and the adjacent
surface of the cover. The substrate is preferably formed

from silicon poly(dimethylsiloxane) (PDMS) . The NA binds

to silica surfaces in the bresence of chaotropic agents.
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unit conprises a silica bead-packed
pol y(di net hyl si | oxane) 10 (PDM5S) channel. The system

w@rooan7ieernst a master version thereof will typeTaBRoos5/000308

be formed fromor conprise a sem conductor naterial

al t hough dielectric (eg gla§§) fused silica, 15

quartz, polyneric materials and ceranic materials)

and/or netallic materials nay al so be used. Exanples

of sem conductor materials include one or nore of:

Goup IV elements (i.e. silicon and germanium; G oup

|11 - Vhecdmpeunds @y qfaldlammrdeni ey mbdt it electrodes)

i_de, galli.um 20 antjnonide, indium phosphide,
et arteceh B AT R TR bl cL
camidemtiade) tHe emddd Wa camaunss  ags cadm #E‘iesent
.sul phi de, cadm um sel eni de, zinc sulphldé, Zl nc

1ogeetiiGe) ernamd o sipphiived resHsthds e gettmamttion and
o5 R ,t) tlog%% selan lead telluride, tin
telluride [

uri . Silicon an 5 gallium arsenide are

preferred sem conductor materials. The system may be
fabricated using conventional processes associated
t r adithi 8n& %ﬁ£ﬁ¢l%ﬂﬁﬂ@ﬁﬂ%%ﬂuﬁﬁhﬁwQﬂClﬁﬁﬂﬁﬁﬁﬂﬂhﬁﬁﬁﬁaCtion
uRli€r eshpet keri F1=F ' f r -

roduct?on of gé%?%éﬁﬁié?%%gﬁ%agﬁ%ﬁggﬂ%ﬁ%@i%ﬁ%ﬁgi#giioxane)
(%@M§®cﬁhﬁﬂ@ﬁéﬁabrication t echnol ogi es include, for

exanple, epitaxial growth (eg vapour phase, liquid

phase, nol ecular beam netal organic chem cal vapour

depoShti epptehi bRrograpky sW0280884@ 7362 sion thereof will
PCT/ GB2005/ 000308 -15 (eg photo-, electron beam,
EYPREG LYoRebéarpd Eremi Rg CegPrékemic slemigms dotse;

pLasig) eposkLi-an.: SpUt.t eri_ng, i ffusi.aon
mdoping,}ig%gﬁhgggnpgéﬁgﬁggﬁg ﬁ%grgggg%Vningéqﬁﬁéilca'
JqeeySeal pohgnerter natsrsatk asdgkassmaedmpelyitenisy and/or

L O X = L T A
s&RlcoRieteo0l RhtBreanal YA hde one or more of: Group IV
elements (i.e. silicon and germanium); Group III-V
compounds (eg gallium arsenide, gallium phosphide, gallium
antimonide, indium phosphide, indium arsenide, aluminium
arsenide and aluminium antimonide); Group II-VI compounds
(eg cadmium sulphide, cadmium selenide, zinc sulphide, zinc
selenide); and Group IV-VI compounds (eg lead sulphide,
lead selenide, lead telluride, tin telluride). Silicon and
gallium arsenide are preferred semiconductor materials. The
system may be fabricated using conventional processes
associated traditionally with batch production of
semiconductor microelectronic devices, and in recent years,
the production of semiconductor micromechanical devices.
Such microfabrication technologies include, for example,
epitaxial growth (eg vapour phase, liquid phase, molecular

beam, metal organic chemical vapour deposition), lithography
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pol yet hyl ene, pol ypropyl ene, PL (Polylactide), PBT 10
(Pol ybutyl ene terephthal ate) and PSU ( Pol ysul f one),

w0 pbaodieny bl ends of two or nore thereof. The PCEGBRI08400308

polymer is PDVMS or COC. The devicel/systemw ||
typically be integrally forpgd. 15 The device/system

may be m crofabricated on a conmbon substrate
material, for exanple a sem conductor material as

(eey gitvtaescrelketdrall Wwugh, acdis)ectdl Gsalst I al€ening (eg
natenéﬂ such _as, for exanple, glass or a ceramc

SheeGe G5R PIee e uSIRSTRe ARl el st omat spiatering,
T v pref arabl. astic or .pol ric .
ULy Sop i, anTe SR 2 S e g won-
Ceystehlime pedkeriallsy shelf aravedldys Jrepld i Ofmaterials
mgor éan%%e a silicon master. The advantages of using

pVag s PenSfESd of silicon- 25 glass for mniaturized
structures are many, at |east for biological

applications. One of the greatest benefits is the
redubtPrBRlEE €dsPpoflomerdss mateduetlison nesivag reMMIods

. . . : | di na. : ; g
e A kPR 20y T3 0 SPhora e T 1dangpymer)
pboyetbppker, 3posypucbytiese, The, noesihialdtivid)0 prT

epljcate structures for nultilayered nould inserts
(EngbugY FBSt CPFERPBIRILEF <O andeiSgn (Prdedohione),

1 hBl 8HEARNBEEH tyweenthe mic macro WO
S 00E 633601 P%%/%%23%§/8%0§83E %%gﬁ%gFrd The PE STy ed
Pesyeereasi BPMBecau€eCone got the option to conbine

standard parts normally used. Different approaches

can be used for assenbly techniques, |ike e.g.

US- wehei agvivkyBysteRoyt 10f tohekgst LUBLUL S

wel ding, gluing and 5 Ianina??on. Cgher fea?gkggg hgfrmed'
The ed@y oEe{ aBp kSR smayir baceichofpbriatted. ofor common

L G T S T T M TR
hgretonpasdblieed ByaUthbughng plassvtiteatiBBtraRd material
sgéﬁsgg, for example, glass or a ceramic material could be
used. The common substrate material is, however, preferably
a plastic or polymeric material and suitable examples are

given above. The system may preferably be formed by

replication of, for example, a silicon master.

The advantages of using plastics instead of silicon-
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 casting. A
factor of a 100 or more is not unlikely for complex
structures. The possibility to replicate structures for
multilayered mould inserts gives a great flexibility of

design freedom. Interconnection between the micro and macro
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polymerization a flexibility and variation of
assortnent can 10 be adapted into the coating.

w@h@sitambl r esi st ance agai nst aci ds and bases BCEGB2®E/000308

better for plastics than for silicon substrates that
are easily etched away. Mst,. detection nmethods wthin
t he bi otechnol ogical field involves optica

nmeasur enents. The transparency of plastic is 15

wioltg e faaiee it MRy Jaealdlley LUPHEh (L Shld Gt thal §€ion to
not . transparent. Polymer mcrofluidic technology is

CRERiae sésnaisincs meg bretnogrmsvilng Yded d WRifferamie approaches
by,@n-a-ghi , The .m crof abri cat ed tem .

Clggl %r él%r(?%geﬂg)é:ri esgﬁlltbs‘;L ygllocseéﬁ1 %lln Shded 'S encbnp swertldlng

widiho fsaipipiorat ed devirces ricafurie s 0o ofe ISEMEONAUSEF and

master, it is possible to define by, for exanple,

l@f“&ﬂ?ﬁéog— MO il RPRiUAgS dheforr 2P uafrid ATl ars abieface
m¥el ¥R a¢hamber so e el diL £ hanngl ré??ﬁ%%%%sed for

chanbers and fluid interconnects 1 n the st I
bighopigrd winehvadeur dtte 1si dnpsodlam tdithersitins sk face is

' . [ .th b d f th il
N R
pellghed et tivahianed e 30 bAilG Qs LWL b SBLPe nded-ent can

any suitable means (for exanple using an adhesive or
bgyafarteAginte &heoverting.200%560736d]1 resistance against

. - ' | | dinth
o has "L ahe 2ey "Eh B BN Y RS IR e
svalives mapssirapky thagukateechblsdWwyalkergea eorgU t MYst

chanpel connecting,t units. A piston-like nenber
dﬁ£§0 éOBr89?5838mﬁ95ﬁ98aﬁh8ebGOF§F§@@l@@?F@®eﬁé@LQ1#?VOlVGS
opel 8al NmaasaRdMEhtar CBﬁ@”%EaQ&p%Q%ncgcho 198 Pl

devi ce. Use of the systeminvolves the fol Fow ng
thessfpre asmaper bgawmyeofompampketol@ilicon that are not
transparent. Polymer microfluidic technology is now an
established yet growing field within the Lab-on-a-chip

market.

The microfabricated system as herein described is also

intended to encompass nanofabricated devices.

For a silicon or semiconductor master, it is possible
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
substrate with accurate microscale dimensions. A plastic
replica may then be made of the silicon master. In this
manner, a plastic substrate with an etched or machined
microstructure may be bonded by any suitable means (for

example using an adhesive or by heating) to a cover.
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Alternative 1 (i) Sanple collection and lysis (ii)
Extraction of nmRNA (manual or automatic procedure) 15

w@ dos)p7Ieerl -tine anplification and detection PCT/GB2005/000308

(preferably nmultiplex) Alternative 2 20 (iv) A
fragmentation unit may inclugde both sanple |lysis and
sanpl e preparation (v) Real-tinme anplification (NASBA)
and detection (preferably nultiplex). 25 The present
[ nvemtuearbpaijs&lﬂ Oy OeSs a ded @g’é@é & h&eﬂ%#iagéfé eany
of an integrated |ab-on-a-chip dlagno§¥|c system ~as
FEYVE™H des cramed, B ciramtiod Wonprakess ey psoup Oy ng

i ' t..reces alysis wunit
I%ég?g%?er ?lgj@g?ag%}%ag]aéogjlx Hact9 oSS T etRRecihing sho
W30 tel.ui & peisserorsi Iri Hee arsShan thaan 18 UsilvI @SETWIRL&h can be
recess in.a surface thereof; B. providing a cover;
T3rE SR0 0 IS MFESS0 1L PET/GBF0 35 Goe30BIuL Y 1C climmt hgoy the
alche B0Vl ot @ittheiesbstrate to create the (a) inlet,
(b) the lysis unit, (c) the nucleic acid extraction
unit, (d) the lysis fluid reservoir and (e) the el uent
rese ir, ch being defined by the respective recess
in 5%% fsSC aéé’s&reg% HEVSUSES 36 i e najrRssitb Le
ssepbaceyofvayt e exwaibielhe termrecess as used herein
is also intended to cover a variety of features
i ncludi ng, for exanple, grooves, 10 slots, holes,

Aggg@ﬁggaggnq channel s, including portions thereof.
y further conprise the step of
introducing lysis fluid into the lysis fluid
reservoir either before or
(1? éamp&e coqiectgon and lysis
(1i) Extraction of mRNA (manual or automatic procedure)

(iii) Real-time amplification and detection (preferably

multiplex)

Alternative 2

(iv) A fragmentation unit may include both sample lysis and
sample preparation

(v) Real-time amplification (NASBA) and detection
(preferably multiplex).

The present invention also provides a method for the
manufacture of an integrated lab-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 unit recess, a lysis
fluid reservoir recess and an eluent reservoir recess in a

surface thereof;

B. providing a cover; and
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15 after bonding the cover to the substrate. The
met hod may further conprise the step of introducing

we@bkasitiednt o t he el uent reservoir either beforkECDGB2005/000308

after bonding the cover to the substrate. 20 The

method may further conprise_the step of introducing

et hanol into the eluent reservoir either before or

after bonding the cover to the substrate. 25 The

aret hatbrimind Wi edo$ONPrd Send heusdepsof téf?ggfénghe a)

|sopropanol into the eluent reservoir e|t ore or
arhedy, Mndﬁhﬁg kel g overt 4 ol thetbaibste bt e Jhied ebuensction

t d/o t he i.sopropano 30 are
ﬁﬁ%ﬁera |y g%g‘ra e rom%ﬁFeEXRﬁ%ell yl )t geluent

sefrarcdld )y eaidh adi ated IS s dhdibdi ¢4 1 B8k bss 4n
%ﬁ %ay be uségpu€%§2005/073691 PC%LGBZOOSIOOOBOS
fégl T A5tefdr Mt eTRSiTRR attte e Hol) xempt | sesface of
tHY IRAMWGi ng el uent into the eluent reservoir after
bondi ng the cover to the substrate; 5 |ntrody0|ng a
first volume of air into the eluent reservoir;

' th I to th I t reservoir, whereby
Lhe QRS o i‘ch%asr A D A b e, b andag o

cealketime ek rdiety HF |ﬂ@éﬂ%¥é§'ﬁhdidﬁ%ﬁ§“1f6¥L5§% 1& Tgrooves,
into the eluent reservoir; introduci’ng i sopropano

SRt/ t helePuerened@sy@ind chameredlsy  tie litsbipro et i drss
+pepapated fromthe et hanol by said second vol unme of
alr. 15 The substrate may be fornmed fromsilicon, for

exanpl e,
The method may further comprise the step of introducing
lysis fluid into the lysis fluid reservoir either before or

after bonding 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.

The method may further comprise the step of introducing
ethanol into the eluent reservoir either before or after

bonding the cover to the substrate.

The method may further comprise 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
are preferably separated from one another by a fluid,
preferably air, although any immisible fluid (liquid or gas)

may be used.



10

15

20

25

30

and the overlying cover fromglass, for exanple. In
this <case, the glass cover is preferably anodically

whondemetp the silicon substrate, optionally par/GBYWS/000308

an internediate 20 silicon oxide |layer formed on the
surface of the substrate. The recesses in the silicon
may be forned using reactive-ion etching. O her

mat erial s such as polyneric materials may also be
used for the substrate and/or cover. Such materials
may he fabriacted using, for exanple, a silicon

repl il€a2 PFeAstEasampadinarie tdwyimsthray dmuprises:

f abr i;¢at r (A of_.nmoul-d inserts by mlling
and él(l:lgcrt%?ig%in cﬁg?ltgeglﬂngc i e(léJtﬁ%nC 1% witer
bionjddagi chenoolvdirng coftichesuttdityraaay;ts, fol | owed by
mechani cal, post - pragessi ng of the polyner parts, for
exanple TP g 2 %FFFFn@Plﬁéﬁhﬁﬁi@&?'ﬂﬂtﬁlﬁhﬁiﬁluent
regbgeguently be followed by insertion of the filter,
sol vent bonding, and nounting of fluidic connections.
WO 2605£07¥369RIPEThEBR003NE00308 ol2@nExarpleassddfr, whereby

I ' eri incl uyde P ( Pol t hyl | ,
B BT abE B er BeiR TR, AT O Tor oA, 1688 FHoepia First
vpolyet byl ehe; pol ypropyl ene, PL (Polyl actide), PBT
(Pol ybutyl ene terephthal ate) and PSU ( Pol ysul fone), 5
incI%HFH@dBFéﬁasaoﬁeFﬂBdoWO#ﬁﬁé Phepdof 1n€OCtihe eluent
rBseteried. Preferably, and in particular if optica
observations of the contents of the cell are
requinedpduhéngvesbypirngancaventbsthmedelabnan repkirgakilyy
éé@gggaﬁgnt.substance or 10 material, such as gl ass,
réex’o

oS CRhiB At bRsSEP2aakEEr 6FaBr that e§hanol by

s&0HPOsEshd Wb hupeecor g1 pore other el enents such as a
gl ass plate or a conplenentary mcrofabricated

elenent are frequently used and intended to 15 fal

DA SRR STt BLOLILCERLAS S9LE IR e
ampd ovheledvedriviing cover from glass, for example. In this
case, the glass cover is preferably anodically bonded to the
silicon substrate, optionally through an intermediate
silicon oxide layer formed on the surface of the substrate.
The recesses in the silicon may be formed using reactive-ion
etching. Other materials such as polymeric materials may
also be used for the substrate and/or cover. Such materials
may be fabriacted using, for example, a silicon replica.
Alternatively, the device may be fabricated by structuring
of mould inserts by milling and electro-discharge machining
(EDM) , followed by injection moulding of the chip parts,
followed by mechanical post-processing of the polymer parts,
for example drilling, milling, debarring. This may
subsequently be followed by insertion of the filter, solvent

bonding, and mounting of fluidic connections.
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a coating of thickness typically up to 1 pm
preferably less 20 than 0.5 pm The coating is

w@e@berambl y formed fromone or nore of the grECPGB2005/000308

conpri sing pol yethylene glycol (PEG, Bovine Serum

Al bum n (BSA), tweens and dextrans. Preferred

dextrans are those having a nol ecul ar wei ght of 9,000

to 200,000, especially preferably having a nol ecul ar

wei gltteaafo 125 205 QRN i Q0 000 - pard i GUL ALY 00 to

75, 000, ggr exanpléﬁggiooo to:%%,oodﬁ. Tmé%ns or

(Follyaerdmiy meid vy Issrthiltdres), B0C bearho avke fabl eopsDymer) ,
[ dri gh any. PEGs, are preferred as the

p_tct:jlggztel%rﬁl nerfgélﬁs,pog‘lylpﬁgl% sieﬁ%q’ypgf (iP??cho]r‘?d?Wé{e?)dn.P% PEG

(iPo 1 vty @thep wee c3h thel1peld)y lene iy cAolysiElféhe) ,

formul.a HO (CH2CH2O) n-H wherein n is an integer

LRf&FEERS B 18PCSr @ Ta tPEGHaVios rdlesadfar GRS ghe mfeferred.

fromtypically 200 - 10,000, especially PEG 1,000 WO

2005/ 073691 PCT/ GB2005/ 000308 -21 to 5,000; or

chenPeealfleyatddi, f eed PEGpalrérieiul sand Olopgdiler]l eddBdBRe-ions
| ycal oligoners are connected by way of .
O%o%@ﬁiFﬁﬁggp8ﬁapnggﬁp§e gcﬁrﬁéfﬂgﬁinéémnﬂhﬁ overlying
cphegphat Rade0bet Les ok 1 @LANBL it $RACES+ RPaftd |
preferred are 5 polygtﬁyﬁeggtglfbo s known é%ﬂﬁﬁk%%(%%
npspyéphy| sHehghypcallasshaPyresnwectoOL .t o anot her
t hrough a phosphate); and the PEG sold by the Signma
Al drich Conpany as product P2263. The above coati ngs

appl Cenbtinathensubtaaensiefotrh®réeklkeh onenthh&tt% one or
outl e ﬁ, and/ or channels can inprove fluid flow 10
m?ﬁ?oaé SEn&lepsPEfm SHRhpast Acalass Plafkgs dve@n dopwigmentary

| eqi S [ here or _sti.ck to
T e e e Ryt torut e A B bl it drea o
fgiliedhhon tkei sondacbdr thasterm mt.cirs fpdssidalted &<
hggégge by, for exanple, etching or m cronachining, one
or “nore of variable volunme chanbers, mcrofluidic
channel s, reaction chanbers and fluid interconnects

in the silicon
Part or all of the substrate base may be provided with

a coating of thickness typically up to 1 pm, preferably less
than 0.5 pm. The coating is preferably formed from one or
more of the group comprising polyethylene glycol (PEG),
Bovine Serum Albumin (BSA), tweens and dextrans. Preferred
dextrans are those having a molecular weight of 9,000 to
200,000, especially preferably having a molecular welght of
20,000 to 100,000, particularly 25,000 to 75,000, for
example 35,000 to 65,000). Tweens (or polyoxyethylene
sorbitans) may be any available from the Sigma Aldrich
Company. PEGs are preferred as the coating means, either
singly or in combination. By PEG is embraced pure
polyethylene glycol, i.e. a formula HO- (CH,CH,0),-H wherein n
is an integer whereby to afford a PEG having molecular

weight of from typically 200 - 10,000, especially PEG 1,000
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substrate with accurate mcroscal e di mensions (deep
reactive-ion etching (DRIE) is a preferred technique).

wo2@8/0peast i ¢ replica may then be nmade of the BCT/GBRIWS/000308

master. In this manner, a plastic substrate with an
et ched or machi ned n1crostpHcture may be bonded by

any suitable neans (for exanple using an adhesive or
by heating) to a cover thereby form ng the enclosed

thor agoent;atdrorcieedild=S)Ly indEtfidd 2R OMd & {$) o+ more
connecting channel (s). The device conprises a
%\M %mrr%@re{nccqmqm Ure vayw ned in

hbh%bﬂ&%% ﬁ%ﬁhac E% fory be %bllc%msphate

exanpl e, or ap straéforms
mpeptneatwanaabmmﬂmd|spmmem&stemafﬂmtdmaxmyéﬁﬁéfékred are

' f t cover, thereb
PRLF g Shes GrER L ST S EHIDE | i Gicshy ity tans alycol

aad/noe gRaRARLS + oThe Eawer +1P /0 %93% ; and the PEG
“PCT/ GB2005/ 000308, - 22 may T i S &t the

sgildsby ftbe &iampl éldrh@hc@‘@@psmys amgfrercw?dt%/hpzzeﬁ dThe
d.t allo observation o e ui

S e U S Y T,

1déepsreaut&%esloﬁnaV©ﬁl&ﬁah@@ﬂ%)d@% SidreRR TR H ow

spect 5 ratio constrictions, followed by anodic
gﬁﬂﬁgﬁgteﬁ 8Y§IF§8s é@véﬁrtAFPéﬁﬁatﬂ¢em@S tfeernddviuee that

tH@ysgﬁpﬁ@b&gc?ggg kagigrggtgahggeoor S%I glnserts by

l'ing and el ectro- char ge ‘mach
sfiofbored b?Eaneatuogsnembdpmgf@&reﬁhe Chlp parts,
fol | oned by nmechani cal post-processing of 10 the
pol ynmer parts, for exanple drilling, mlling,

debarsing. siThsnmay §HQ§@GHQHEk%rbﬁagQ%|0“@q by possible
insertion of the filter, solvent i ng, an

teodnfing bY, f FordrEampdaneetibhsg ©5 Therpmelktiiniag,done or
gPIPLE TRV LB LT o AL o2
rééutﬂenanﬂémbedslakdnglm@ﬁeintgfaﬂﬁhééts in the silicon
substrate with accurate microscale dimensions (deep
reactive-ion etching (DRIE) is a preferred technique). A
plastic replica may then be made of the silicon master. In
this manner, a plaétic substrate with an etched or machined
microstructure may be bonded by any suitable means (for
example using an adhesive or by heating) to a cover thereby
forming the enclosed fragmentation cell(s), inlet (s),

outlet (s) and connecting channel (s).

The device comprises a substrate with the desired
microstructure formed in its upper surface. The substrate
may be silicon, for example, or a plastic substrate formed
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
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i ncl ude bl ood, serum saliva, urine, mlk, drinking
water, nmarine water and pond water. For nmany

weewpl7sat ed 20 bi ol ogi cal sanpl es such as, f oPCT/GB2005/000308

exanple, blood and mlk, it wll be appreciated that

before one can isolate and pyurify DNA and/or RNA from

bacterial cells and virus particles in a sanple, it

is first necessary to separate the virus particles

m2Rd ARl GRid S fdamd he Q}lth%rsdpaféf Cé}?&'?‘mn%fe 25 The cover

sample. It will also be appreciated that it y be

Ife deedampblno tp@’rfmaﬁ%{ddiaﬂ@rtdiissaﬁﬂpl@w@qml zasltr?mon dof the
i order t ncentr.ate .t he bacteri s an

RS pan erier =l $M SRR e Ny of<brodted by

deledr tricag tiBiceriioal ,ethefiofe WRITEedE MG 110 cdy efk: 0&%%1 aspect

the bacterial cell wall or virus protein coating 3

Tahd O SOP&E Widictie daldevwerhity ianddisprieingert theglass
R N 1rRbeialk,8oNnsiisls Rfyiad g bVeO|J+Ia}'£§l%jTé:/%?/d Yy

exanpl e an aqueous “solution contalrning re
stygeicgnirahgc elfl .0WDRAOELT36DY RAT/1GBRO G DI ro23

or. virus parti.cles. is ty of starting material is_.
Lslohts BRchinEted Hhlenpidmien 1Y tdadgigon moulding of
tapplheat baRs s, Sweh 13%dd 1@y Haldnae, iR tRyd g, 0f ' £
bacter?aF coﬁtanination i%{ drinkﬁhg mé?gsg%s'ﬁﬁSSlng ©
tipsPemvmerppafrérabliprdesicgpee o iddtievy,f arild iseyypldebarring.

lL.u 0 - he present, i nventi on .al so
Té?gvﬁggsggﬁggé%%ngggszﬁ%fEOWﬁg gﬁéﬁﬁﬁe Q&Pn of the
fhilokegi sall vand/ boneivigl, oBmeNmaluinsanpy &F ke dic

apparatus conprising a systemas herein described. The
CSBBSF598§Snay be a di sposabl e apparatus. The present

i nvention al so provides an assay kit for 15 the

anal ysi s of biological and/or environnental sanples,

t he Tket nookpicsingdassysiienmay ber eirn bdeskerriibved! adm, for

Q he he system The

e%%%n;eaf% ﬁ%g?%%gkgggf&uldéagphgi¥§tgr%duct, an
environmental fluids and/or drinking water. Examples
include blood, serum, saliva, urine, milk, drinking water,
marine water and pond water. For many complicated
biological samples such as, for example, blood and milk, it
will be appreciated that before one can isolate and purify
DNA and/or RNA from bacterial cells and virus particles in a
sample, it is first necessary to separate the virus
particles and bacterial cells from the other particles in
sample. It will also be appreciated that it may be necessary
to perform additional sample preparation steps in order to
concentrate the bacterial cells and virus particles, i.e. to
reduce the volume of starting material, before proceeding to
break down the bacterial cell wall or virus protein coating
and isolate nucleic acids. This is important when the

starting material consists of a large volume, for example an

aqueous solution containing relatively few bacterial cells
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a di sposable kit. 20 The present invention will now be
descri bed, by way of exanple, with reference to the

wa@ewsnpaayi ng draw ngs, of which: Figure 1 i SP@EI/GB2005/000308

schematic illustration of a sandwich 25 |ayout used

for integration of a flat neppgbrane into a disposable
pol ynmer chip device for use 1n the present invention.
Figure 2 is a schematic illustration of a val ve design

o0 dituigmmiitdi ddie syst£m @ec s di Higs £0; 4 -
i nvention. WD 2005/ 073691 F}.%GBZOOS/ 0003%21“@%%?9* S
FERAEY PP U zacheimtenyitonmental orssoing ambVecations

desian f N . tem ording to the . _ ,
present tq{en\%ﬁﬁtﬂéln& |t3(yurflen o%%aaéi%%%naafi%ontamlnatlon in
ddilnksitratwiadrera possi bl e | ayout of a bead chanber

according to the present invention. Figures 5is a

schematic illustration of a system design according to

the preseRistdpyeary iﬂ%ﬂ%lg,g c{ééllérf‘%jl J%&(cgg& ! %’c?%%x sample

buffer (Figure 5a) "and extraction gur e

vPilgmnee of i1§-d08cimdmatic illustration of a chip |ayout
according to a preferred enbodi nent of the present 15
invention. Figure 7 is a schematic illustration of a

syst @ited@SiegRn taGeRitition @ 1a0tNIviRIESf & 8paratus for
enbodi ment of the present invention. 20 Figure 8
thel aredved st Ré biedeodsal pirgUice @nvdlnsrentelt mmples, the

P65 RE Blarpicsal Al PrigL e
TR e PRBHLPan prerrary oh b BT Al S, The

apbamaglis, mpgabki andisposable apparatus.

The present invention also provides an assay kit for
the analysis of biological and/or environmental samples, the
kit comprising a system as herein described and means for
contacting the sample with the system. The assay kit may be

a disposable kit.

The present invention will now be described, by way of
example, with reference to the accompanying drawings, of

which:

Figure 1 is a schematic illustration of a sandwich
layout used for integration of a flat membrane into a
disposable polymer chip device for use in the present

invention.

Figure 2 is a schematic illustration of a valve design

for use with the system according to the present invention.
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chanbers and mcrofluidic actuation systens and is
preferably processed by injection noul ding of
weywsoweef i n  copol yner (COC). The noul d i nsereCt/6GB2005/000308
for exanple, a 12 30 channel chip may be nmanufactured
using high precision mlling. The detection volune is
typically approximately 80 L (400 x 2000 x 100 m.
The plastic chip is preferably WO 2005/ 073691
PCT/ 820085080308 5 1223 ¢ b&%ﬁ%ﬂ%&é&%{%@sﬂdf@f €hi1ve
bef ore "being coated with a 5% polyethylene glyco
dePEGR Solrutisenwl ShgirheCsewiteal aCoorsting ltauithe MPesent
iﬁ\ft%ri%oating, the chip may be sealed with an
aBErBX|Hately 75 pm COC nenbrane via sol vent wel di ng
using, 5 for exanple, bicyclohexcyl. A thin gold |ayer
(approx 25 nm is preferably deposited on the
back&iaeref 4t ke ehrphematicevédtispacikgosurd possible layout
I yo e er mal n.t f .
Belt PEr ol Gmne e T PR e pol o el S iy
be integrated into the sanple hol der providing
therpal control for the plastic_ chips.. A umnium
bl ockSIHEGSpB Pt 2oACREREECt He LBSItTiRdr ONe Cdndn Sy sttem
d88¢HheaBRoeMEAGIL 8L Ehegp_»@eeaft hedlenfQbnt Reowdl _gp%ill/ging

thermal pad is preferably nounted on the al um ni"um

whtbckysie butibri sRigheemak)cendaektireicieen tfHeics pFigure
5§2d the heating source. A thernocouple will typically
"placed on the sanple holder neasuring the air
tenperature and having a feedback circuit to the
Peltier elements. The tenperature regulation can be
cont f6PVER BxierhaPreBatacodliuptepting pled ehdpy layout
i bed i [ - PRE.QXI 410)
e R arPon meT hoa Saec Pyt BECRER pEREERt
iamphtfgnng any singl e-stranded RNA sequence. 25 The
NASBA reaction can be applied to a wi de range of
appl i cations such as detection of the presence of

speciifre 7 is a schematic illustration of a system design
according to another preferred embodiment of the present

invention.
Figure 8 relates to the Examples.
Figure 9 relates to the Examples.

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 cycloolefin
copolymer (COC). The mould insert for, for example, a 12-
channel chip may be manufactured using high precision

milling. The detection volume is typically approximately 80

nL (400 x 2000 x 100 um). The plastic chip is preferably
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viral RNAs, RNAs of other infectious or pathogenic
agents or certain cellular RNAs. Sinultaneous

W@eise7Ieyl1 of the three enzynes, AW Reverse PCT/GB2005/000308

Transcri ptase, RNase H and T7 RNA 30 pol ynerase nakes
the core technology in the _agp_l ification reaction.
Two ol i gonucl eotide priners determne the specificity
of the reaction and fluorescent nol ecul ar beacon WO

2008 0%36%h RAH GB2005/ Q%&Qﬁ be £OrHIObES t@?&tg%%lth a 5%
specific for thetargﬁt In approxi

Wﬁtééﬂteﬁ@ ey & le @ sﬁm]uetrmofslgm e@leaesznlcaih e, St.

[ i cal et ec n_unjt
Lo pr erbﬁﬂabl y fesn gne Jtog excr:}?efe Jh% B2 1 R0rd ?fhﬁ‘?%swjrw an
adiper axiacitiedry CHaMeco@maamiaxd Kat £| é’oﬂ\%'nt nfe Bdfthg using,
det ect the emtted fluorescent [ight at approxi mat ?

T9¥s S¥APHte SdGHRGRRIY ght Arrdg}ukfe gold %‘fﬁms(%@)laox 25
lﬂ'@nq.‘@ Yl Ad Jhary, Q‘ﬂé@%ﬁ@ed oI 844 N fl’&kgehtch ip to

col |l i mat ed through a lens. e sane resne ens
HM§W§ﬂ§jbﬂﬁﬁgnodhdnﬁiuq;aduenddlﬁﬂdMHﬂhH]tﬁﬁkmal pad on top

r%g I ectP| gnc .of t uorescence |light. Another |ens
Jsed To @l?gltt fluorescent light onto the
det ect or surface (eg a photonultiplier-tube). The

data col l ection and preparation of the detected
SI gndif megHEsshodeddde o lemeaitomalsigy B agXEIARL into

Ff Is% l%elh%q r%m%l Yl\?r ms’alI ncCori I\ola.]: Igﬁqx‘ f%@% é}lastlc

Ccl ent sanp e re-trea 'S an
chiptshe mmfemw:f bificeike- tresh nel @gitcaﬂn v Y She Peltier
artl cul ar , concentrati on devi ces are

TEREORS 100 AR ey 290 SxisRLl Srd IRt g o1t m@mmr@e

cﬁﬁp%pechf%%eg%bﬁ'%ﬁ%Susairé%é}aﬂi lﬁ%dﬁ%g 2 e aluminium
vi ruses, present in biol ogical es variety 0O
bé@ﬁé(énftpatas@@bdce-tshodtslnean@lkm:@wta:qt Itetav cgart ‘umaclcm]‘umg and
filtration.techni S su as de
B PBAE TR SRl 0o 1 FB T PLR o s g 7281 Ly be placed
odli ther eainpkiends 1dk rf nkbkatiion B %i(rmt%&r@étaftlﬂfﬂéi reh
having a feedback circuit to the Peltier elements. The
temperature regulation can be controlled externally on a

laptop.

As previously described, NASBA is an isothermal

(approximately 41°C) amplification method specifically
designed for amplifying any single-stranded RNA sequence.
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 infectious or pathogenic agents or
certain cellular RNAs. Simultaneous activity of the three
enzymes, AMV Reverse Transcriptase, RNase H and T7 RNA
polymerase makes the core technology in the amplification
reaction. Two oligonucleotide primers determine the

specificity of the reaction and fluorescent molecular beacon
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channel's, porous hollow fibres or nmenbranes), gravity
settlers, centrifuges, acoustic cell filters, optical

w0 e@p®7369di el ect rophoresis (DEP), el ectrophor eBCBHGBRI06/00308

cytonmetry and adsorption based nethods. 30 A
preferred nmet hod of concent r%ti on invol ves dead-end
filtration. This is a relatiVely sinple and cheap
met hod, WD 2005/ 073691 PCT/ GB2005/ 000308 -27 which

b ' [ T at i.nt i polymer
chi gseggiraltﬁ/heéﬁ%or%%lh%(ﬁg%dﬁofﬂ}?a%%%?@i%é a%%ur es a
arpgtex ifadyd lo 19Q yniconoesy nilrg nuel diel akod wphéan@éi@ﬂ,
si,nce vari.ety of. .nmenbrane re avail abl e an ,
TESE (Fontie® s Such W8, 1ol Gemipe, BEG GPtical
dBRenA®rCaating & Py EastdBl Paie PeIiY nf?&ie@fte the

integration of a flat nenbrane into a pol yner
HivopePRsire schitp g nse adifirevdhnpsry at saprivecimately 494

- 0 own - ically. in Fgure 1. The .
n?ﬁita&l&gg%%ﬁc;cest%% %liggg?ﬁlrufﬁiee%ﬁ&a ]fJ?%Itd %‘ha foximately
545, nand &Hd leteri treniorand o makhéd ofi Ak ot omefa

th ' .6 .sh 42 and 43 ctively. 15
GG IR ot ot valS Tl B sl VS e

cdeviief tdy Hdudio £nale aHd QRO né)_Ln'f%iQ'm ¥, be used
Suitable valve designs are shown I n Figures and 3.
fpirt Focagang tthe Rilguwmd rat ipme asithped. Inenbireanest orhd | at
r s nay .be . used. .The chip 45 c rises a fluid

TRIENERCY et s S A eatbrlee 8 TLUL
fleblregalenal 1AWHNNER ehd R tepedr RAFddQn. (N th

regard tq Figures 3 a-d, there is shown a chip having
PRokEaY L tiRildiR Lediihe) ses Thet G tsodyp leatiiom 501d rasiaration

5 d QN n r i Nt erpos .
e heT ebar gt A e Farare Branest e B D Etagy v ina
MaAdLa8ent. Ot. 08 8nBelicase 12 (The MathWorks Inc., Natick, MA).

Efficient sample pre-treatment is an important factor
in the context of micro-technological analysis systems. In
particular, concentration devices are needed in order to
enable detection of low numbers of specific particles, as
e.g. cells bacteria or viruses, present in biological
samples. A variety of concentration methods are known in
the art including, for example, filtration techniques such
as dead-end filtration and cross-flow filtration using
different kinds of filtration media (micro-structured
channels, porous hollow fibres or membranes), gravity
settlers, centrifuges, acoustic cell filters, optical traps,
dielectrophoresis (DEP), electrophoresis, flow cytometry and

adsorption based methods.

A preferred method of concentration involves dead-end

filtration. This is a relatively simple and cheap method,
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51. A piston 54 and a valve 55 are provided in
suitable recesses in the nmain body portion 52.

wo-kasaizdedquid is present in a volune 53 aboveP@Ti6B2005/000308

pi ston 54 (see Figure 3a). 30 The valve 55 is nounted
with interference fit in th%7gpper position (see
Figure 3a). In this positionit seals the

m crof l uidic channel 57 so that no fluid may pass. A

wBalihe We 2@R%1i104361 REH(FBAP/ 000308 4+ |
may be used to Iz/gvver the valve 55 10 thel%%e%&éq%lymer
HEHi-t | FRrtdeanmingur dhe3msBofarfd gdmenbr qreed | xadares a high

N in _56b i.s hed..u r it is secured,, b
I PAti e Pre B I3 S AP nesince a
vealive y5bf Semibraney 2rd mvaaliatien 4 Hstrd4 rdfi8ient s
the conic pin 56a _is pushed upwards it is secured, by
SRy Peri SRLF PEAMPHCa FHG &Spdidiang 0 cepdsad rratheeasily be
pRr$LRRead. In order to transport the liquid fromthe
vol une 53, pins 56a and 56b are pushed into the
correspondi ng recesses in the piston 54 and the val ve
55 1Q.respectivel,y and the_liquid is pushed out of the
ol utees3BERLsEE gt B e Lk e oo Ao % AR
dbepBsused thep GAF BePiR$ AR PO 13Rd DR ARALE ch -
W t hdr awn froﬁmthglpiston 54 andltﬁgaValve 5§: set-up as

sheypeéthempyicadlyndn migntrer 4 -halbef olmig tdratpsiddsca cover
re well it for .RNA extracti and

P T RatPons TYBLeart § 0ok 20,4 K5 61 Beddd Mepiprane 44.
THeatrepeasdobotbopnoifotBe pmiganrbe sused af0142 and 43

extraction, but is also possible to use larger silica
TBERASTEUBLYo approxi mately 200 pm dianeter). A

possi bl e 20 | ayout of a bead chanber is shown in

Figure 4. The bead chanber 60 is |oaded prior to

chi pPrefehiplpondhnagon tbhrpr galwest adesiinitegra¢ads iGiko the

After bondi he be pac e is retained hy the
diﬁbc%n%Bo?Fggﬁe%ﬁs?n%ﬁiesﬁagg UfCPHErB;aSH"GﬁéﬁberS&ﬁ&able
vhhecaneangeseate0bnbhig thukrdpGregnneahiyons 63:2% regard to

(inlet) and 63 (outlet) ensure that the applied |IQUI§
Figure 2, pre-shaped membranes or flat membranes may be
used. The chip 45 comprises a fluid channel 46 and a pre-
shaped membrane 47. The vertical arrow indicates the open

position.

With regard to Figures 3 a-d, there is shown a chip
having a body, which comprises a top body portion 50, a main
body portion 52, and a membrane 51 interposed therebetween.
A microfluidic channel 57 is provided adjacent the membrane
51. A piston 54 and a valve 55 are provided in suitable
recesses in the main body portion 52. Fluid/liquid is
present in a volume 53 above the piston 54 (see Figure 3a).
The valve 55 is mounted with interference fit in the upper
position (see Figure 3a). In this position it seals the

microfluidic channel 57 so that no fluid may pass. A conic
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passes the silica beads 61, even if the bead chanber
60 is not filled conpletely. The vol une of the bead

Web@soew960 is about 6.5 pL and is suitabl e fPCT/GB2005/000308

extraction froma sanple of typically 10 to 50 pL. 30
Four liquids are preferably Jised throughout the pre-

treatment process: lysis buffer (typically approx 100
pL), WD 2005/073691 PCT/ GB2005/ 000308 -29 i sopropano

Y BekRkay aRPL@e A Phowst hanol, ({ypieal appr ox
F&b pL), gﬁh el ution buf#g$ typlcéﬁly appf%% %p%oppen
P@LS)ltl'Pﬁle (Istet &id oimese e 3rteeadeﬁ Fdr. extrr aefitorculde, when

\ h ve found that i advant a eous to store
ths %Etnl )%ibs SuPPERSh WY&, éﬁc Gy i §fa by a friction

fliﬁzande]r langoair@rpeindindn At dOp LhiHe ‘R dsess Fi Bifi1arly,

and storage of the extraction liquids in two

lW §ﬁ&6§&°§n(§ooﬁéslgp§h§§ed whegs dheoiqonion ptie e timmpushed
uP@ht-d40R +(5ge ki %%r% SEQ'P;%f%§H§gﬂt aﬁzgg{%gﬁgppfmpondlng

reservoirs may sinply
r@gessnnnxtheSpthoﬂlﬁé Ch&mn@ﬁﬂeﬁ td catedddrt e liquid
the eedl e p05|t|ons of the outlined

f£§i 8‘85"‘? f't BLOE; P %engPc Rébsicge sl s.ndem the

cb@re@@@h@ﬂn@sk@geégﬁsaﬁﬁr%B %t%%a%% a%&FQh%§€@%ye 55
liquid glue 15 or tape. dva tageously, 1 n order

rgFPERtive L1y ﬁéﬁatheeﬂyqusdnpbephah@bun@tsyﬁ}mme|dbﬂume 53
f tq u i ngl S np or
(e S B8k 81 5 RRram) 6o, Poghtbn Bhia Gae kecer desg! the
ctnia piterbearedsegbadunesb af-e wm@ha&ﬁ%ﬁnkrb%V%%@ NdtSn 54
wn in Figure 6. The four liquid reservoirs (lysis
aBBfFE? V?%Bﬁrééaﬁ6FPeCESVéﬂﬁanol and el ution buffer)

are sequentlally filled using conventional syringes

(needl e dianmeter 0.4 nmm, and the
The inventors have found that 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 to use larger silica
beads (up to approximately 200 pm diameter). A possible
layout of a bead chamber is shown in Figure 4. The bead
chamber 60 is loaded prior to chip-to-chip bonding with pre-
wetted silica beads 61. After bonding, the bead package is
retained by the 100 um bottlenecks. The shape of the bead
chamber and the arrangement of the fluidic connections 62
(inlet) and 63 (outlet) ensure that the applied liguid
passes the silica beads 61, even if the bead chamber 60 is
not filled completely. The volume of the bead chamber 60 is
about 6.5 pL and is suitable for extraction from a sample of

typically 10 to 50 ulL.

Four liquids are preferably used throughout the pre-

treatment process: lysis buffer (typically approx 100 ulL),
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filling channels are sealed. First, the cel
suspension is applied to the filtration 30 unit by

wore@a®7h1 a syri nge punp. Besides particul at e PCT/GB2005/000308

suspensi on the syringe is |oaded with about 200 pL to
300 pL of air, which is us for actuation of the
on-chip I|qU|ds WD 2005/ 073691 PCT/ GB2005/ 000308 - 30
(Dependi ng on the application it will be appreciated

isbatropaiRar (typiseilahe ddgids gy, be used) Sm%ally

air is punped into the lysis buffer reservorr
aP@éfOéFi 49 aded Ik erluits cappiufebnt o ttyel adl 1ys dygprex 5-20

R A AR AT ERET KT

ihoehhe rad tiatvieo Tahundf ithtaer iiRg 1% @RI RYRabidd té‘tﬁe the
in the beads chanber is reduced. 10 Third

lyﬁg%g %é Foﬁnp@nﬁh€§@ﬁﬁndéym%§akkmetme@ndﬁnﬂng channel)
otﬁxﬁzh@Ctt'o N chis @uiz@ or q%%(?\/%*lgul | |5% th ggtéllre\o/g?% ttg}ee

he filter chanber an ysi's
e@t@sedlonT&eqedeaanlGWOIMqahd@e@r%mﬂ(Mﬂ§1U4$Hé¢&J©|e
reservoir air Iugs When pressure i's
“4pp FVS&rFOOBnggg %8%% etr érJ&ee Figetng @lilds ar e
di splaced in parallel and are sequentially guided
t hrough the beads chanber. The operation protocol
incIagﬂn@ftﬁéevﬁF@éagseraﬁeewglrzomﬁs Sunmﬂwrzedﬂmmhmm by

f e o_Figure ve liste
mggéglégag@ gge ? Pﬁ pre$e§§§tﬁégﬁ §%@&n@ Sve§HQ%Q§ted in
tnpeﬁeguter5th§ cnereeeamalpgs@@@baeleﬁ thiel bratliierg 25

Val ves 5 7: suspenS|on in, filtrate -> Left
SEhtNeesLypsd- Var\%erz igling, A.ther fidgi speaved sf logind be

segléﬁfﬁngﬁlgﬁy appropriate means, such as with liquid glue

or tape.

Advantageously, in order to allow for a relatively
simple handling system, it is preferable to use a single

(syringe) pump for actuation of all liquids.

A chip layout according to a preferred embodiment of

the present invention is shown in Figure 6.

The four liquid reservoirs (lysis buffer, isopropanol,
ethanol, and elution buffer) are sequentially filled using
conventional syringes (needle diameter 0.4 mm), and the

filling channels are sealed.

First, the cell suspension is applied to the filtration
unit by means of a syringe pump. Besides particulate
suspension the syringe is loaded with about 200 uL to 300 uL

of air, which is used for actuation of the on-chip liquids
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30 valves 2, 3, 6: Air in, lysate -> bead package,
Right CQutlet WO 2005/073691 PCT/ GB2005/ 000308 -31-

weeosoimat i on Val ves 1, 4, 6: Ar in, isopropardi/GB2005/000308

bead package Air in, ethanol -> bead package Air in,
elution buffer -> bead package 5 Turning now to

Figure 7, which shows another preferred enbodi nent of
the present invention. The foregoing descriptionis
@epRrrRARld Gabled Qddi i amhadinents; The. i@!ﬁ%@é’l&ted that
conprises an inlet for a fluid sanple,

Otypsirs Afmmitscaitd Jen Jidud dis0, may eclwded )aci d extraction

unit 15, a channel 20 containing lysis fluid, a

channel 25 containing eluent, ethanol and

| sopsepanel,, sdNUE §uerd drreauence yAPlidi et | Uservoir
and detection unit 30, and a waste unit 35. 15 A

agRarRe dierdainst tyififipe denarPliimcett s the tdmlls being kept
ysh.s/ fd:trati o i 0. | ve, 12 1.s pr.gvi ded t .

Otl? o%lth %{) Ifl:L l:tl’?gt'f I ol%vl\}lég1‘C'Iefj1]iuilc}é tal\icger ejgsetpmu/esekh?cp,&&%oa@éltql% tilter

aconnec s relee eldy sics ftfhid toreatdsorchamite 10 thie A tdtee additional

B S I S A S pac

chhepekanrel -2 ceentaining the lysis fluid is connected
to the lysis/filtration unit 10 and the sanple inlet

5. 25 Valve 22s and 23 are provided to control the

fl ow.qf _fluiid.. _The_channel 25 cont.ai ni.ng the el uent
ethaggﬁrghd%gﬁsgﬁFgﬁ Aot Pgm@oAﬁggPéﬁ“?o%Fh§QHﬂﬁQEQ§ to the
eatirdcexbhattiqon dutielserteiangntine saPlRid@idhs to the

Val ves 27 and 28 are provided to 30 control the flow

Lot LRFuFBamMABT2605) 67869Y SPETPESLE05/BER30Rir 3xe closed.

The extraction liquids are stored in a single reservoir
separated by air plugs. When pressure is applied to one
side of the reservoir, the liquids are displaced in parallel

and are sequentially guided through the beads chamber.

The operation protocol including the valve operations
l1s summarized below with reference also to Figure 6. Valves
not listed are in a closed state, whereas the listed wvalves

are opened for the corresponding operation.

Filtration

Valves 5, 7: Cell suspension in, filtrate -> Left
Outlet

Lysis

Valves 2, 3, 7: Air in, displaced fluid -> Left Outlet

Valves 2, 3, 6: Air in, lysate -> bead package, Right

Outlet
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A channel 31 connects the nucleic acid extraction unit
15 to the nucleic acid sequence anplification and

waledsprieon unit 30. A valve 32 is provided toPCDGBR@E/000308

the flow of fluid therebetween. 5 A channel 36

connects the lysis/filtratio unit 10 to the waste

unit 35. A valve 37 is provided to control the flow

of fluid therebetween. 10 The channel 25 contains the
rilruaiicsandwashi ng sol vents such as et hanol and

I Ssopropanol. The eluent and washing solvents are
VgrléleFaded 4/ntt t he dHanrdel, usiapyraperar gapodad package
separate the |iquids,.fram one.another. 15 exanpl e

of a suitable Iysis Biffél AU ‘foé’%fnﬂﬁ%@m,

8 M GQUSCN (pH 6. 4). A edgnplieitofora mtabl e eldd d Prckage
solution is 10 MM Tris/HCL, 1 nmM EDTA Nat (pH 8) + 1

nv YOYO- 1. 20 Nucleic acid quantification nay be

achi ‘S I cenc ' n

el s Oy Al e Y prograa LT Ry, prererred
empolddmenaciod éxter guteisem tunintvetdritoai.ns THd | A dipaidsy

for _ex le.0.3 of 15-30 _pm.si Silica beads.

B SE Ra O el 1 Fodes 2aPd 16°00 By Eou et (FOAOSHR- | e
sheltew ttheopaskedsbes fion «el ectayek ian%tlil,ﬁo?cgéng‘f‘lté. ,on, of

the negatively charged, eluting nucleic acids. 30 The
lygépationrpréraconiis 1ummniuzde lselaowd \WRTAGOS/I0Z368Lt 15,

PCILL 0540 . =33- JEil.tration Al valve .
ac%geﬁg%gxggpggiggl\%?%e%yfﬂ’Sanc‘}ué%’ A %Wnr?a‘ea‘z%e containing
etaorhai, nebfaaocfl and dawplrependilchacentaiens the L&dfience

amplification and detection unit 30, and a waste unit 35.

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 therebetween.

A channel 16 connects the lysis/filtration unit 10 to
the nucleic acid extraction unit 15. A valve 17 is provided

to control the flow of fluid therebetween.

The channel 20 containing the lysis fluid is connected
to the lysis/filtration unit 10 and the sample inlet 5.
Valve 22s and 23 are provided to control the flow of fluid.

The channel 25 containing the eluent, ethanol and
isopropanol is connected to the nucleic acid extraction unit
15 and the sample inlet 5. Valves 27 and 28 are provided to
control the flow of fluid.
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to be analysed) is connected to the sanple inlet 5 and
the 5 sanple is injected under pressure into the

wo pdosozdepoN/ 1 ysis unit 10. In this way cells BCBEGB2005/000308

retained in the unit 10 and the remaining protion of

the fluid is then passed to fhe waste unit 35. 10

Lysis Al valves are closed éxcept for valves 22, 23

and 37. In a first step (optional), air contained in

t he syrdHgedls 31 1y ' t nple. 4 nl Thj .
causes the lysis fﬁﬁ#ﬁggiﬁﬁg?gﬂ%i?%“%ﬁﬁﬁh£|5%ﬁ§%%Flo§ unit
Ivofe ttheands e B8 ifd |saqudmnd |apgilsi finiat dh Bed dd€tection

lynsi s Af Lui-d _enter.s the filtration/lysis unit 10,
e Pha e By sreed vl SR Sae Fgie o
faiuid nhiehrebeegicem .of the channel 20 between the val ve

23 and the unit 10, causes any remaining fluid in the

unit 10 to be displaced and to flowto the 20 waste

uni t a35, i, =igh d.step.,M 7.1.S cl ased

and \éa;é\%w%éli s?%p?g)ﬁle%f&%s tzller F?Lcyosrﬁ%l [ nel 53 He woLt 10 to
thpr wvagee conti BGes o viad vienj3actied prtvd dRE tSAMBr&-rol the
finIeth th% Iésis fluid contained in the channel 20

FPEWS TuridEr-OpFESEGPERES - the filtration/lysis unit

10. As a consequence, the 25 retained cells therein

are |ysed and the lIysate flows to the nucleic acid

ext r 4B€i 6hanApl 25. cpuitifinsatheneduendcringn waAlling solvents

v S ex faor valv 27,. 28 and 32. 30

SHBhLSE, BEReCbeof oy SERL L OEl™] el Ly R S el

sbhjentedarenpoel badsanpale Eﬁbebhanngﬂi%ﬁ@%@ﬁ%§1%ﬁ%‘gap to
fluids (isopropanal, air gap, ethanol, air gap,

S%Pafﬁgﬁ BﬁﬁfiFﬂuvﬁﬁ2é€8m0?geg@np@mﬁeszoos/oooso -34
contained in channel 25 to nove as a colum of fluid
towards the nucleic acid extraction unit 15. This
procRBsekgmphabt e aomuétableofiyshe bsdfeepanalid iise100 mM

THg/BEE St o PRI EL QBN OToENE 4y .

An example of a suitable elution solution is 10 mM

Tris/HCl, 1 mM EDTA Na, (pH 8) + 1 mM YOYO-1.

Nucleic acid quantification may be achieved using a
fluorescence microscope and a pixel-intensity analysis

program (Lispix).

The nucleic acid extraction unit contains silica beads,
for example 0.3 mg of 15-30 pm size silica beads. Platinum
elctrodes are also provided (not shown) just below the
packed bed for electrokinetic collection of the negatively

charged, eluting nucleic acids.

The operation protocol is summarized below.
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colum of fluid) has been passed into the nucleic acid
5 extraction unit 15. After a short period of tine

w@r@mgetiser w th optional heating of the cont ePtBHEGB2005/000308

unit 15), the process is continued and the air gap

bet ween the isopropanol and,the ethanol displaces the

i sopropanol . The isopropanol™ evaporates and/ or goes

to waste. The ethanol then flows 10 under pressure

Finkeatthennucl ei ¢ acid extraction unit 15. The process

IS once again halted once all the ethonal has passed

i nt 8ltth&adiies p3e Aflosieds estaemt p?em otk lofes i@ and 37. A
i.onal t| he cont nt.s of

%&9%%% on F%gl%%gcegg‘lgfgb ue Hﬁﬁ: iR g dde cells

tbebweanaﬂ@eedlhamoboh&emmédltb(ﬁhdléamﬁléfﬁﬂlet 5 and the
di spl agces .t he et hanol . The et hanol evaporates and/ or
SGBBLCE & SnASE CEPe CBIE B SR ietien LY duie turrdson/ 1ysis
pressure At @pthe Aucleiig ac ract| uni.t a
“elutes the nuclei ¢ ggl% rsel(ég%s%tt ?Lglr%cthél sn%lr acneltm[ELdO and
thhershhilpanheadeot iThe odl thed fiudleiic atieds gaerdass the

he 2 cleic acid sequence anplification and
Wé%?éc n&% %§|t 30. The present invention provides an

apparatus and nmethod for nucleic acid (NA) extraction
and anal ysis. Extraction from biol ogical sanples,
L¥8&B as human cell lysates, has 25 been successful,
Wi t 0 on..af ' e flrst 15 of
elug%g bégg%g Qrg ﬁ%ggggseggﬁngequeﬁ@évﬁgsgé 23 and 37.

Ianpl Efkeat BoAp (NﬁSBéhahas beencmaa&uh%@ lif the syringe is
Q0 plastic mcrochips

cl ool efi ymer
ﬂﬁ?ﬁt?ﬂch 8rEB§dS§@B$Py18 ﬁﬁnéls dhdspgeaisesl the lysis
f1eagt Leptshashers. c§Hﬁﬁ@§SEU't@e%%gé'ﬁ%g%rd%”the

artificial Human Papill omavirus sequence, a
fE#FﬁaVED26©B$@$3691tPCWLGBBS@EK@O@B@8ly535 cehlid iemgers the

d,HPV, 1 t t est ed
YLD L0cRrROLRLC, B 16 aadpal) enh sarml o5, ested,
lyaierfatsdappl Eedehe ame €hi phuekeqdbyi dedthat enghewenog

between the valve 23 and the unit 10, causes any remaining

fluid in the unit 10 to be displaced and to flow to the

waste unit 35. Next, in a second step, valve 37 is closed
and valve 17 is opened. As air contained in the syringe
continues to be injected into the sample inlet 5, the lysis
fluid contained in the channel 20 flows under pressure into
the filtration/lysis unit 10. As a consequence, the
retained cells therein are lysed and the lysate flows to the

nucleic acid extraction unit 15.

Purification/Extraction

All valves are closed except for valves 27, 28 and 32.
In a first step, air contained in the syringe is injected
into the sampele inlet 5. This causes the fluids

(isopropanol, air gap, ethanol, air gap, elution buffer)
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paral | el reaction chanbers where it was sinultaneously
5 detected in a detection volune of 80 nL. The

w@e@sngsdl i nvention will now be descri bed f urtP€r/GB205/00308
reference to the following non-limting Exanples. 10
Exanpl es Sanpl e material The,cervical carcinoma cel
lines SiHa (squanous cell carcinom) were obtained
fromthe Anmerican Type Culture 15 Cbllection (USA) .

c§hfﬁ1ﬁéh'1h‘&ﬁaﬁ@%lnﬁBn%@'%%@e'%s Rul bacre fn¥i4'§“¥owards
Eagl es _nmedi um (DMVEM), suppl emented with O@bfeta

tb@vnﬁélgépuﬁpedssytracﬁwpn-qhutadﬁne &mde®qqyéHs is halted

t uba 37Cin.a 5%
oD AT hosBhirs. FRE BT ludfe o Y8 et SR Gt the
cBlukar sf ZQudhanhes, b@ed brsedd AnNASBAL ¥sics W frig

(bi oMerieux, .the_ Netherlands, containing 5 M
eﬁEﬁﬁFHFﬁ@ PRi-6cyamat 8F teFhe Sﬁ@éﬁep@ra@ﬁd§ﬁwﬁﬁﬂi (together
I edcu g m h Boom
ol B RN S eV e e
pVecehei iwandntlisnel. abd Ehe Vamdgapobed&aethh$ igboppancl
Cl.ipj cal bi. ol 1990, , 28 3), 495 - 503 on a
“RiicrEahcheBRry ulpar ac8Prkneai PO bReRA -1 Th degpagpanol

e@épotﬂt@§r§h§¢oﬂpybé§ E%wwagﬁe03|hhésﬁﬁh§ﬁ%ﬁ tﬁen flows
Partanen, P., Nhnt¥£arV| R, d Syrjanen, K
ungles| PREEHBES, inbesthegnucdesc. azse)exAraemlbalanlt 15.

Tﬁgré é;g% u&ég cgfa&hﬁ?sbg§tgglﬂﬁég lgietﬁ nwﬁ %as

I Cl

psege@nteso themuhbhe HPY Prebéer aksholNopERiiBAASE time
Nor WD, 2005/ 073691 PCT/ GB2005/ 000308 -36 was used
%g¥ﬁ¥%Eth% DaPPHEPBRLsBERESNGEPE tBSt EANLENEET Pheunit 15),

bzt oo ULt hlon MU S0 o
a@@cbmﬁlﬁ@utconhbuﬁﬁﬁnfdmsplecesspheléthahbmns (CNer Ehhpnol
eégﬁorates and/or goes to waste. The elution buffer then
flows under pressure into the nucleic acid extraction unit
15 and elutes the nucleic acids released from the surface of

the silica beads. The eluted nucleic acids then pass to the

nucleic acid sequence amplification and detection unit 30.

The present invention provides an apparatus and method
for nucleic acid (NA) extraction and analysis. Extraction
from biological samples, such as human cell lysates, has
been successful, with collection of the NA in the first 15

mlL, of eluate.

Real-time Nucleic acid sequence-based amplification
(NASBA) has been measured in cycloolefin copolymer (COC)
plastic microchips with incorporated supply channels and
parallel reaction chambers. Successful detection of an

artificial Human Papillomavirus (HPV) 16 sequence, a SiHa
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Norway). All prinmers and probes were available in the
kit. Additionally, BSA was added to the mxture to a

w0 pevalo73egpncent rati on of 0.05 % as a dynam c CPEL/GB05/000308
Reagent 10 solution (26 pL) fromthe kit and 13 pL of
sanpl e material (SiHa cell-{s ne sanples and HPV type
16 sequence sanples fromthe kit) were m xed and
heated to 65C for 2 mnutes. The m xture was
cmb_saqwt»dmmqq{cﬁﬁcﬁ&aﬂtl&l frosy 21 41 Ul 65 ¢ AL 1 s L £0s
t he enzynes wer e added. One actuatlon 15
t&%r%ierp%téafcﬁq ﬁgé%éiﬁ\brilﬁzﬁ”{mmlbm mf@medbefm@ sample

280 4y L2 S, RS TGO, el

privatlied. mmdtaoma;mdrdb@ms fmfez%s itThead esmhill t¥heousl

m xtuyre was drawn |nto the waste chanber at ‘the end %
e g& Aoy GhasTact ke vHiyge &F S ddr- was t hen noved
under the optics, where one after the other channe

was neasured. Measurenments were taken every 30
sec@h@spresngng Anwetmod ardd wewe dd |dedatiest byudthesr

area, corrtespo ed to a detection area of 80
wtER %%erencef 5 TSy PR IGMRG SR8 0f THGr e e -
sequences and 25 SiHa cell-lines were also tested with
conventional equi pnment for conparison with mcrochip
Exgmelefon. Al experinments were run for 2.5 hours.
Calculation 30 Al the results were, cal cul ated using
PreTect Data Analyzer (PDA) (NorChip AS). The
Seinplechapewdsldesi gned with 12 reaction chanbers, but

t he reactiog channel s on each WO 2005/073691
PCT/ GB3065F 566368 C2X571oMde Chdre Li-8r6y 83 Hon (salamous cell

ceatedbah) opsrdugptai skt eMBhi ¢hee
msasurembentsr The célculatlong ﬁe%@gbaseg %ﬁpe Culture

CBéﬂ?ﬁEhPal (P4 esSilba ab@érﬂuhﬁswaﬁhmauataanwas1n
' he.di.f | | at
SR BB TR LR L B

188 féEaSthbﬁlﬁé Ebeum (FBS), 2 mM L-glutamine and 25 ng/ml

gentamicin. The cells were incubated at 37°C in a 5% CO,
atmosphere. The cells were trypsinated, counted in Biirkers
chamber, and lysed in NASBA lysis buffer (bioMérieux, the
Netherlands, containing 5 M guanidine thiocyanate). The
nucleic acids were isolated and extracted using the Boom’s
method (Boom, R., Sol, J. A., Salimans, M. M. M., Jansen, C.
L., Wertheimvandillen P. M. E., Vandernoordaa, J. J. of
Clinical Microbiol., 1990, 28, (3), 495 - 503.) on a
NucliSense Extractor. SiHa cells contain 1 - 2 copies of
integrated HPV 16 DNA per cell (Syrjanen, S., Partanen, P.,
Mantyjarvi, R., and Syrjanen, K. J Virol Methods, 1988, 19,
225 - 238). A ten-fold serial dilutions of the SiHa cell-
line extract were tested. In addition, artificial HPV type

16 sequences, from the HPV Proofer kit (NorChip AS, Norway)
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reaction. Al sanples with a ratio of 1.7 or greater
were defined to be positive. Tine-to-positivity or

WO b@3etmeti ng point were set to be where the PUCF/G82005/000308

started to increase exponentially. The average sl op
were cal cul ated using the 1Q,val ues of 10% i ncrease in
fluorescent |evel and the value of an 80%increase in
fluorescent level fromthe starting point. The

wiet eekidoR sl kBlyeftor At ke IR IWIBIs JAI LG RS ﬁ’%sst %ego t@fine

be the | ast concentration tested where al
theadeitegtékanidims twerfe thesistyistem.15 Results
Identification of HPV 16 virus utilizing real-tine
NASBA was successfully perfornmed in polymer mcrochips
NwisBR a detection volune of 80 nL. Figures 8 and 9
iTTustrate the 20 result from one experinent perforned

on S?Hé E8PPeRtRed Nafdre ﬁm@TRFU@IQﬁYTﬁ%%%ﬁﬁE§Jt were mixed
aeg%eaghbv%ythzh SRLGUIes, haw g%c%@l%a@l%% @%ﬁ'éhlp AS,

are positive and have the sane rvature as s
NpewﬁgbnedAmilpglmegalade@rpbewoM@ﬁesaa@dlable in the kit.

nventi ders ot shown Table 1 shows the
RS QT ERLR3 s BERIRR: iR ecb Pothst Tamitirio il L
c%ﬁ@éﬁﬁ%ﬁﬁléﬁdo% Ua050%| sl bnegnehtial Red U$iNg Hd&ent
pol y m crochips. To characCterize the anplification

SPéﬁ@@P@néZ6sé%ér£KO@|ﬁh@réﬁt apéré@epér@ﬁmaample material

r
giakuaediatie CLugencenee iRl e M 0hicnce campes
fgngHhéeklﬁhew@Hgb%&x%H @ﬁﬁ'hbﬁ%e@nﬁl'%ﬁ@@tEBESZaHgnutes
the nunber of polyner mcrochips teste e val ues

The mhettabl eashewbstheecaverageolabuecand theost anflandtes
devi atjon of the positive WO 2005/073691 . .
apesrcsbdeb/ 6be3e8zymnes daRphés tvvﬁaﬂe welded:. estoéxsa apgiuation

chatBeEPYn 18a8aauERERS ANdranhEd GEL! L8R auaing
the mcrochips, the rati o was nore esconsta

the porparesontwi thecpnigntiromdkrbedtibngFach reaction
channel in the chip was filled with the mixture due to
capillary forces. The remaining mixture was drawn into the
waste chamber at the end at the supply channel. The chip
holder was then moved under the optics, where one after the

other channel was measured. Measurements were taken every
30 seconds. Only a 2 x 2 mm®? area were illuminated by the
LED, this area corresponded to a detection area of 80 nL.
The ten-fold serial dilutions of both HPV 16 sequences and
SiHa cell-lines were also tested with conventional equipment
for comparison with microchip detection. All experiments

were run for 2.5 hours.

Calculation

All the results were calculated using PreTect Data
Analyzer (PDA) (NorChip AS). The microchip was designed with

12 reaction chambers, but the two reaction channels on each
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(Tabl e 2) of the same sanple material, showed that the
ratio 5 were decreasing for |ower concentrations. The

wo@rdven73epar anet ers on the ot her hand corr esponeCT/6BR005/000308

wel |l for both the mcrochips and the conventiona
met hods. Time-to- positivity,increased with |ower
concentrations. Wile the average slop val ues
decreased with | ower concentrations. 10 Ten-fold

300 Aerd iR flrrp@hjé)Q:a@LMdloatll%é"Mﬂ@r‘@o tsefé&fimatlc
for artificial HPV 16 sequences, while Si Ha I'n

angce afe dthed nfe@rsu;e@@rrr@l 1 s/Hie t@mmns/vmre Thesed on

st om. d t cal tect.i.Qn system a det ec
Ly s RIS or T 1 6l P eined as
t&%qmrfo%ﬁre&hﬁ!é SinHZE leRtde slerdddna dxpderd@lthe end of the
respectively. These were the sane detection limts
I&B A8 g ldowvraniiva Bttlelel ddiferstant efsthe

r%%%ﬁ:'l@ne t?\lqets ?r{}:lle%"\'%vrli‘_qlo%c%trl% '&151 on &Ot%eeater were

systens but the results were not consistent
deé&mbwstaika pdSWMMwaea Ttiheet— ﬂMﬁdeﬂﬁiwmnyﬂdr the starting

n entration of inpu t were 20 decre S|ng, t he
e a0 M Il S diaaed g0t tsase

e&!@%%/énn:q%qlltys f a@hebati HRY 16 5 Img&eswmeast@&%smg the
SiHa cell Iines showed that al " paraneters had t
veames ofedd s dncFeasesyist disiaresadnt devedr and the value of

foRKRNyonal. JIELhogs , Sxcent for ddie faul 4 betyeen. e

el’s "0 e fluorescence art

penetaf trtme arplictiicat ilamireatid ahe pBﬂ.Q}f@’LO md:m:rs;q)s was
i's nore dlstlnct|ve at small reaction chanbers than
Seér tRabrosEGpile st Foresediad gt Hedtedpamiare gilk e 10

r'%%%'f:%%u%%a%léqf e%%cgo\%%.ﬁ:euf enoved from the assay
by applying a thin gol d l'ayer on the backsi de of the

pol ymer 30 microchips. The COC itself is

Eautgfluorescent al ways giving sonme background
cence. Another contribution to noise detection

i s | iTglkhtsEacherionRd cduepto 1less ey faGh RalngBfe MOt ine
2005/ 073691 PCT/ GB2005/ 000308 -39 surf aces.

NRSRA- WaSpesicrvisty laddc Peadedmest irowelymer microchips with

a detection volume of 80 nL. Figures 8 and 9 illustrate the
result from one experiment performed on SiHa cell-lines and
HPV 16 oligo sequences, respectively. The Figures show
graphs that clearly are positive and have the same curvature
as samples performed using regular 20 pL volumes and
conventional readers {(not shown). Table 1 shows the results
of a dilution series of artificial HPV16 sequences and SiHa
cell-lines obtained using the polymer microchips. To
characterize the amplification reactions, several different
parameters were evaluated: the fluorescence ratio, time-to-
positivity, the average slop of the linear part of the
curve, the number of positive amplifications and the number
of polymer microchips tested. The values in the table show

the average value and the standard deviation of the positive
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concentration as expected because the substrates used
| onger tines to find and interact with the substrates.

wo-2005/0t38e1 hi ghest concentrati ons especi al |y f oPCT/582005/000308

artificial HPV 5 16 in the experinments the
time-to-positivity increaseisyEry hi gh sanpl e
concentrations may al so inhiBit the reaction and
therefore use longer tinme than an ideal reaction

FHNPIWL tHdt e B EmNers, t r@oﬂ?’%]ﬁgelél Q@czuenc?% and
decreases. Wen snaller amounts of target are in e
Sidlactdedn ritntan &astedl ®rbeygian midipchEss, atip | £00bo was more

Ifﬁggaégﬁgqug %pd the sl.ope will becone | ower than

For g Chcent T at i8R+ et FOER H 2 bt el ng

(WABBA reacii ahddeperdsapidendadaell, ndMeErasis {he ratio
design of the prinmers and probe. In these experinents
WRE SWeleE TISe Nt Tt deW e mssmadt adnisordown Thee lotlisepM

[ ] . tecti st ens.
R eaearraly T & B R bR T o gl e poe
the deécecichdpisi fainci ahe BV vEH tSequanees: M, 10 e AN -
con%entratLon in poj m crochi ps utilizing

I

BRIk NASBRTSRG Voot HAHRE SATPIRES T aHORDL dBti ko the
abb&bbew%&%ﬁzgaQ%b%SGQ%reEE%§?vgﬁ§?QEh%Q'%%Adéﬂgéaﬁgéhf.

the sane that were obtained for experinents per
Ten-the dcernvdntli dadiutBioose nosadd0, 26 taBA0BHMNEere tested

- .Tabl 1. NASBA .
FLTTINEL P EROSase 0 T A

tesgeences 0a0d Sefasgell thl r@odi Iddiiy serifts & om-made
results are the average and standard devi ati on of al

ophiGed OBrarHean: ﬁYtsﬁgmeJaﬁ@lr Preletecthesi it of 1 pM and
2ROBBSIb B! S0:FLLR S AU 0° AT IS s o
lﬁgacmabagiag, respecgively. These were the same detection
limits obtained for the conventional Biotek readers. It was
possible to detect lower concentrations on both systems but
the results were not consistent. The results also illustrate
that when the sample concentration of input target were
decreasing, the standard deviation increased. A comparison
of the NASBA results for both HPV 16 oligo sequences and
SiHa cell lines showed that all parameters had the same
trend for microsystems as well as for conventional methods
except for the ratio between the levels of the fluorescence
at the start and at the end of the amplification reaction.
Background noise is more distinctive at small reaction
chambers than for macroscopic fluorescence methods. Parts
of the background fluorescence were removed from the assay
by applying a thin gold layer on the backside of the polymer
microchips. The COC itself is autofluorescent always giving
some background fluorescence. Another contribution to noise

detection is light scattering due to less perfect polymer
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35

HPV 16 oligo sequence [pM 0.1 2.90 12.31 45.09 50

/ 50 5 0.33 5.36 9.89 0.01 3.06 14.73 43.48 40/
WaE004/0789B87 4.03 9.48 0.001 2.65 9.00 45.99 PGOGB2®8/000308

3 0.42 2.05 17.66 0.0001 2.75 22.19 35.08 30/ 30

3 0.32 4.45 17.94 0.00001 2,56 22.55 29.87 30 / 30

3 0.38 7.36 13.74 0.000001 2.54 25.30 19.62 30 /

30 3 0.46 3.60 9.21 0.0000001 2.10 37.09 17.27 33

FB.cés.0. 32 ml2.+ 48 A3.-HQ00Q000Q1 43, 9.94
S'/elslr/ 60 6 0. 51238& 7% 3 55 o.tggoooooof]ezc?g%or %J%%r

copceptratiogy s xREEg ez LIB000D000H & 93ised

gl hiltds! o W0r BB Ra0ad 35 ST EAR iy For
t18. anhéétS@on&r#tré&i@nsO.e%%e%i%%lﬁ-f@c A2 .B8& ificial HPV

0,65 _.37.49 39 /| 40 4 0.27 9.28 11.09 2 2.75 38.02
1%5%69th80eﬁpﬁélﬁenéﬁséhﬁﬁFi@er$9¢Pqﬁxzxxrﬁy irgrE@se.  Very

h§8h2§aﬂp&e5go%centrations may also inhibit the reaction and
therefore use longer time than an ideal reaction mixture.

In the same manners the average slope decreases. When
smaller amounts of target are in the reaction mixture to
begin with, less amplicons will be produced and the slope
will become lower than for higher concentrations. The
detection limit of the NASBA reaction depends on the target
of interest, the design of the primers and probe. In these
experiments we were able to detect concentrations down to 1
pPM and 20 cells/pl in both detection systems. Accordingly,
this Example 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 were 20 cells/pul. These detection
limits are the same that were obtained for experiments

performed in the conventional Biotek reader.



0.54 39.12 14.97 0.02 0 0 0 0 30 3 5 WD 2005/073691
PCT/ GB2005/ 000308 -41 Table 2: Conventional NASBA

wo ewsiorggoper f ormed on HPV 16 ol i go sequences BEMGBR(48/000308
cell-lines. The results are the average and standard
deviation of all values obtgined in the experinents.
Average Positive Concentration Ratio Start point
sl ope anplifications 5° Total reactions HPV 16 oligo
raBTdlencrgepMeFolné 24 mi]c4:o@19ipsodgt7ec¥lx1g by b5 /ol§go sequences
afd 18 H2 9c29 -1 hD BiButddn 4riéh. Theddebt26Gire28n&vbrdgeband
sQaRaridev 2000 ©£4711 ¥51 25 ocltalbed 1i3. Obe capbrimelt23

33.62 0.0001 5.18 23.83 4.65 94 4%0s58v85 6 | 6
8oriddnt2200801 rbe80 28%F3 3. 6%eBaARe1( mBH.LHEtions / | Pumber of
1.17 15 0.000001 3.8%"%26. 255 BS52 JUmem ©f1 40 12Rfps tested
12 0.81 0.0000001 1.79 33.75 7.42 15.71 1.53 2/

25 16 oD%o0. 00000001 - - - O/ 12 0.000000001 --—"-0

feapencelrMp 0000000001 - - - O/ 12 SiHa cell line

Leoll.elnl]

AL 2.90 + 12.31 * 45.09 + 50 / 50 5
0.33 5.36 9.89

0.01 3.06 % 14.73 43.48 + 40 / 40 4
0.37 4,03 9.48

0.001 2.65 % 9.00 % 45.99 + 30 / 30 3
0.42 2.05 17.66

0.0001 2.75 + 22.19 * 35.08 & 30 / 30 3
0.32 4.45 17.94

0.00001 2.56 22.55 % 29.87 £ 30 / 30 3
0.38 7.36 13.74

0.000001 2.54 % 25.30 % 19.62 + 30 / 30 3
0.46 3.60 9.21

0.0000001 2.10 % 37.09 17.27 &+ 33/ 70 7
0.32 12.74 11.78

0.00000001 1.85 + 43.75 * 9,94 % 6 / 60 6
0.28 7.13 3.55

0.000000001 2.27 % 81.00 % 15.02 £ 2 / 60 6
0.86 38.18 6.26

0.0000000001 3.93 4.50 21.83 1/ 60 6

SiHa cell line

[cells/nll

2000 2.86 % 16.91 % 42.57 £ 40 / 40 4
0.30 2.67 6.24

200 2.80 % 18.89 * 40.56 £ 40 / 40 4
0.43 3.39 14.50

20 2.88 * 30.65 % 37.49 £ 39/ 40 4
0.27 9.28 11.09

2 2.75 38.02 * 35.09 + 60 / 70 7
+0,50 26.12 15.47

0.2 2.73 + 70.13 + 39.29 4 / 50 5
0.54 39.12 +14.97

0.02 0 0 0 0/ 30 3




2000 4.85 29.25 1.25 80.09 6.80 6/ 6 0.58 200
3.84 29.25 4.00 52.47 24.82 6/ 6 25 1.22 20 3.66
wWQ@3003073691 82 44.04 16.82 5/ 6 1.15 2 2.96 BOI/G82005/000308

1.06 27.95 7.15 2/ 6 0.42 0.2 - - - 0/ 6 30 0.02
- - -0/ 6 W 2005/073691 FZ&ZT/ GB2005/ 000308 -42-

CLAIMS: 1. An integrated |ab-on-a-chip diagnostic

system for carrying out a sanple preparation process
Té)HSIlea_Zf | atintleSiaiphL € NASBE OfHsk Ry @grﬁgmbé @14"@_/?9"16 oligo sequences
apardibel @d]-1hessystce M OQRPrisd Rge Avdrad ahll 8LnfiOfy Acviation
of |alildvalawp| ebtafihed anl yisd sxperitmehor. | ysis of cells
-and/or particles contained In rlhurd sasgakese (C) a

FRREPEFT 1t dReSePr actStefF PPt f oﬁ%gz(gter act i oprdfifivations @

10 acids fromthe cells and/or particles cofitaiireaicrs
“ARE1Ld blligd —sanpter—(d)—a reservorr—contatnt-ig—a—tysts

f§dquerde @) a reservoir containing an eluent for

removing nucleic acids collected in the nucleic acid

EXtracti on URiTL* 15 MHEri0R7t hellgadtpte inl 6t/ Bs i n

fluid communfcdtion with the 13st% unit, an optiona

y.akve being prgsent ;to.control .t fJ.ow o ui d

t her ebet vveengﬁher eilaoqshéql'{;gi 5960%?% J|8$¥\'éi n]gf/lf Ei d 10

communi cation with the nucleic acid extraction unit,

@f%opti onal ¢al’ve bebrg i20ﬁpr@$@2¥ £0 confr/ob the

fl ow of fl ui 8 %her ebet ween: 33.
0.0001 5.18 + 23.83 + 4.65 94.42 + 58.85 6 / 6
1.07
0.00001 4.80 + 25.13 + 3,68 84.10 + 38.27 12 / 12
1.17
15
0.000001 3.84 & 26.25 * 5.52 42,68 % 11.40 12 / 12
0.81
0.0000001 1.79 + 33.75 % 7.42 15.71 + 1.53 2/ 12
0.09
0.00000001 - - - 0/ 12
0.000000001 - - - 0/ 12 20
0.0000000001 - - - 0/ 12
SiHa cell line
[cells/ul]
2000 4.85 + 29.25 + 1.25 80.09 + 6.80 6/ 6
0.58
200 3.84 29.25 * 4.00 52.47 + 24.82 6/ 6 25
+1.22
20 3.66 £ 33.30 + 7.82 44.04 * 16.82 5/ 6
1.15
2 2.96 * 39.75 + 1.06 27.95 * 7.15 2/ 6
0.42
0.2 - - - 0/ 6

30
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wherein the reservoir containing the lysis fluid is in
fluid communication with the lysis unit, an optiona

W@ 20080736bei Ng present to control the flow of fPCI/GB2005/000308

t her ebet ween; and wherein the reservoir containing the
eluent is in fluid 25 comupication with the nucleic
acid extraction unit, an optional valve being present
to control the flow of fluid therebetween. 2. A
cgauatvyn as clainmed in claim1l, wherein the reservoir
30 containing the lysis fluid is in fluid

communi cation with the inlet, an optional val ve being

present. to control, the flow.of fluid therebetween, WO
D 008707 B PR CRASOSFOGOSORP P o G G ls For
celraiyi®ed iontClaaistinb1@S gHeidPadi MY Rideddn rLSEI YL Msample
containing the eluent is in fluid comunication wth
COREALALEY, Ca lSpEIne AT PaILkd Weishg theesuittam comriding:
St he flewyofsfl ui en. 4. A system as
(cpaine& i#ianfrgﬁqu%ng{ggﬁ%) ‘to 3, further
(bonpr ilyisng (g} ta foucllgisd sacifd deddet iAWY tharticles
referably a_.nuclei,c acid _sequence anplification and
ngggéfﬁgn%ﬁanf %éu%ﬁeﬁéfﬁﬂﬁﬁe nucl ei ¢ acid extraction
(ehi b hechBitl Hicdg eFRIRILGRL o W td, .t hg uclhei G 3 4 10 e
reaction unit, an optional valve being present to
agafer diromhghe| ewlds Andi/dr phetdldtaseeontbired An the fluid
systemas clained in any one of clains 1 to 4, further
coﬁprrsing (h) a waste unit, wherein the waste unit is
dn af resdreoommuabegbianny &hikke sl ¥3isqynit, an
optional valve being present to control the flow of
(F) uPdTPREFERETWEERTA20189 ANspduemtad ol aiemeding ameleic
2808s0kogh8LEBAl i HhO0tRe HUELASE CQMPLLELAGGI)L &y sy .
reservoir contal ning a washing solvent, ~pre eréﬁ1y
et hahekeinhtbh sempileoinlies i fihuifduidommummiuedidadion with
ﬁﬁt? t he nucLeic acig.ext action unit, an
the lysis unit, an optional valve being present to control

the flow of fluid therebetween;

S
(

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, 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 extraction unit, an
optional valve being present to control the flow of fluid

therebetween.

2. A system as claimed in claim 1, wherein the reservoir
containing the lysis fluid is in fluid communication with
the inlet, an optional valve being present to control the

flow of fluid therebetween.
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optional valve being present to control the flow of
fluid 25 therebetween. 7. A systemas clained in any

wop®snf3eel ains 1 to 6, further conprising (j)P@EI/GB2005/000308

reservoir containing a further washing solvent,
preferably isopropanol, whicfyreservoir is in fluid 30
communi cation with the nucleic acid extraction unit,
an optional valve being present to control the flow
of fluid therebetween. WO 2005/ 073691

5/00030 . A systemas claimed in claim
gcg GBﬁ%’ 31361“}?4 He! ‘%Je%éﬁl vbi ¥ cokrHl ¥ ngvhédieein the
relsyertoiirs ddhtfdllﬂldlgcqm@@l(iﬁziﬂtorhs Wit ?lttngq rCeOSIﬁh%nlcatlon

contalnlng the first washing sol vent
ATdGrtaiam 9 tilven asle coridrendshimy psméslv@ni to ?%orftrol
St I8 ai,m 8, wherein the eluent, e
tﬁ%r§?%W2§ﬁfﬁg q%ﬁ&g%%%%h&7orrihe second washi ng
solvent are contained in a conmon reservoir. 10 10. A
4SYS en1a§ claimed iin claim9, wherein the eluent, the
wWash

i " §Ss GLadRedaddy vt l@éles@(fomiaﬂaﬁwklng;o 3, further
r S fr 0 t her t
c?gggss%P? &qg) %pﬁEQEEQCpnggrg%a %. %I a

na§l@P§|ﬁéddlﬁSQUannegamplaEabmtl@?iwh?r@d&édﬁioﬁxﬂﬁﬂ¥l
0 (o30) i ses _a.cond in ui d conmuni cati on
W Ehe AP ST " R4t) P cagion 3010 1 oA sy Slavidas
cOhﬁunﬁdatmoﬁnwlﬁﬁetﬁé glhangs 1l aE@dl%eac Erhh%Elt gn
rising means for introducing a |UId samjl e

Ol%gglaﬁlawlvmaew@ PAPeentsapdcapamopr eher #hbyr of fluid

punp or a syringe. 25 13. A system as
tggg?ﬁggwgﬁnany one of clainms 1 to 11, further

conprising a filtration unit, which unit is in fluid
5. A system as claimed in any one of claims 1 to 4, 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.

6. A system as claimed in any one of claims 1 to 5, 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.

7. A system as claimed in any one of claims 1 to 6, 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.
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conmuni cation with the lysis unit. 14. A system as
claimed in claim13, wherein the filtration 30 unit

weewpni®es one or nore of a dead-end filter, aPCT/G82005/000308

flow filter (eg mcro-structured channels, porous

hollow fibres or nenbraneshﬂ_a gravity settler, a
centrifuge, an WD 2005/073691 PCT/ GB2005/ 000308 -45
acoustic cell filter, an optical trap,

di el ectrophoresis (DEP), electrophoresis, flow

cytonetry and adsorption based nethods. 5 15. A
8systemyasdesl aismed dimeghyirond agfm f aimscllaio 1,1,wherein the

rein the lLysis i.t further conprises .means to ., .
R s e ST b R Bk T b f R o
waldi rhkb resheneiinr seintaiedns tHe: GO SeSsIoNey o I e:

of a dead-end filter, a cross-flow filter (eq .

aRd Pg- $hfudaFeed dRamtaite indd i ehAsRd iMrEsingrsolvent.
menbranes), a gravity settler, a centrifuge, an

acoustic cell filter, an optical trap,

Sdi ePestystpimresics a(iDEF) in eledir Gyhortesiessin fdlmw eluent, the

cytonetry ,and adsorption bas 15 nmet hods.. 17. A

LY St eiral i B 5 M/%ﬁeetgiﬁ ts’r?&%‘gé?cﬁfﬁdl%l%ﬁlﬁﬁe,nt are
cwherginRdt he Sy Sogmohuiithenr-veampri ses means for heating

the contents of the lysis unit and/or the nucleic

acid 20 extraction unit. 18. A systemas clained in

| ai,m_17 rei [ a i Ses one QqQr, nore
l@él | S&Sgle\éprr%ﬁt 5 aé@éa;éen% n%lgﬁ%n%j e‘{vgleerﬁejtr}we 1'}eyseljsuent’ the
fimst #aGhdhat ke 1veaiteiatdaeird text rsReidreN wazh ity tsolkdnt are

A system as clainmed in_any one_of the preceding

SEParAsed fefePRSt RETHETeiE &didd COMTMOAC thP T Ry 2
f@hih?aﬁkef%Q%%h§l%ﬁrﬁilled with silica beads or

particles. 30

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

with the inlet and the lysis unit.

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

pump or a syringe.

13. 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.

14. A system as claimed in claim 13, 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
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20. A systemas clained in claim19, wherein the
nucleic acid extraction unit further conprises one or
worees/0ssbs of WD 2005/ 073691 PCT/ GB2005/ 000308PCF/682005/000308

el ectrodes adj acent the silica beads or particles for

coll ecting and/or preconcentgating the eluted nucleic

acids. 21. A systemas clained in claim 20, wherein

said one or 5 nore sets of electrodes conprises

aRbakitAaem ekect r pdpser 22.arA %b%ﬁ%@ﬂastgg?bne@iéfe@ffophoresis
one of the preceding clains for extracting nucleic

(REPds priesdronhrredisl ol @al cytandtrya adal radgrmeuictny based
mg@hgggironnental fluid or drinking water. 10 23. An
apparatus for the anal ysis of biological and/or

envi ronnent al sanples, the apparatus conprising a

systemas defined in any one of the preceding clains.

195 24SYAhCHs S8y Hiptedr ithengnampsiof silapims dgitealll,

L Vi I | q j Si .

e (% R Red T anTnct ARa e MBS Y Adpr vhe
fiwadsshoplecont acting the sanple with the system 20

25. An apparatus as clainmed in claim23 or an assay

kit as clainmed in claim?24 which is disposable. 26. A

1get had dpstdheaanefachied eiaf @nimt egratgge @b, 0R=3d means
chip diagnostic systemas defined in any one of the 25
CprBEeEPAg TR @E, Wi hoietthodeadnpridsest Lier pr evidiogs—flow

st e In ' r S,.a lysis_ _uni .
fiégggs,&giﬁﬂ%?é#cgggﬁ8£g§§§aé$¥%§?%ﬁ%’t %éﬁ%%%, §hﬂ§@ﬁsflbres
of| miethbreselsy Qi ra reeesst gnskanl €k peat cedseli\ige, eGESScoustic
in_a _surface thereof; 30 B. providing a cover; and C.

CBohdi AgltRE cofdr CRUIElsubLErat e i GdaePareglsy (DEP),
haket g | ys] ni t nuclsei c53€] ;

eeE]tn ?g%iﬁlg)ﬁe%%%éooﬁg%agf B on ohosgadstetion  based

methods.

17. 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.

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

unit.

19. 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.

20. A system as claimed in claim 19, wherein the nucleic

acid extraction unit further comprises one or more sets of
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-47 unit, (d) the lysis fluid reservoir and (e) the
el uent reservoir, each being defined by the
WO e®peTIshve recess in said surface of the subBCT/&B2005/000308
and the adjacent surface of the cover. 5 27. A nethod
as clainmed in claim26, further conprising the step
of introducing lysis fluid into the lysis fluid
reservoir either before or after bonding the cover to

ctiBetrsubst bati@cel? 28e /él'I'iU&O@)e%%sClcﬁ' 'H%@'ﬂlrblcésa'fe126

or claim27, further conprising the st
cpai 68BN g el een P riesos. cend reltdent theesaémtcad midlesic acids.
before or after bonding the cover to the substrate.

15 29. A nethod as clained in any one of clains 26 to

228, A byethar agorpaiisicdg ihhelstiap 20f, WHgrRAUCId¥E A one or
first washing_ solvent, preferably ethanol, into the

m@lréeﬁ?t?e§§r@éieptré’id@ﬁercoﬁ‘é’ffélsésopléfttlé\mb Grdiqtg ades -
cover to the substrate. 20 30. A nethod as clained in
any one of clainms 26 to 29, further conprising the

28tep efstetr educilagmadsenondywasiki of tel yariceding claims

ref erably.i sopropanol, Lﬁto t he eluent EH?rVOI
2 S R s LM fcal fluid,
asHhskyabeoduéd®,3kn AnRRibatent Q! 1nBEG: i WM ANGPlvater.
clains 26 to 36 wherein the eluent, and/or the first

washi ng sol vent and/or the second mashlng sol vent are
epara 0 h fl pref erab

PR B3 R ot hsa e Sratied S 8 P oes oot ke

ev¢irbnmtheal samples, the apparatus comprising a system as

defined in any one of the preceding claims.

24. 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 22 and means for

contacting the sample with the system.

25. An apparatus as claimed in claim 23 or an assay kit as

claimed in claim 24 which is disposable.

26. A method for the manufacture of an integrated lab-on-a-
chip diagnostic system as defined in any one of the
preceding claims, which method comprises:

A. providing a substrate having an inlet recess, a lysis
unit recess, a nucleic acid extraction unit recess, a lysis
fluid reservoir recess and an eluent reservoir recess in a
surface thereof;

B. providing a cover; and

C. bonding the cover to the substrate to create the (a)

inlet, (b) the lysis unit, (c¢) the nucleic acid extraction
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i ntroducing eluent into the eluent reservoir after

whoondiomgot he cover to the substrate; introduci PQI/&B2005/000308

first volume of an imm scible fluid, preferably air,
into the eluent reservoir; 5.introducing a first
washi ng sol vent, preferably ethanol, into the eluent
reservoir, whereby the first washing solvent is

wERIr alpd tfHeomyidies ed et RsSaSh f 14,54 Y?J UR: 0% 1 yent
i mm sci ble fluid;, introducing a second volune of
LeRArYS e A dein dafdfnmatly @ie  réspact hee eterents in

reseryoid,  a int roduci a _se d washi ng sol vent,
5re es\rﬁgjglrafel g%preg%anso ,S%ljtr]n"t%oe taH]engﬁr}EFerﬁ :Pae%%ﬁ/o?li‘r,face of
thkeercelyert.he second washing solvent is separated from
the first washing solvent by said second vol une of

imm scible fluid. 15 20 25 30
27. A method as claimed in claim 26, further comprising the

step of introducing lysis fluid into the lysis fluid
reservoir either before or after bonding the cover to the

substrate.

28. A method as claimed in claim 26 or claim 27, further
comprising the step of introducing eluent into the eluent
reservoir either before or after bonding the cover to the

substrate.

29. A method as claimed in any one of claims 26 to 28,
further comprising the step of introducing a first washing
solvent, preferably ethanol, into the eluent reservoir

either before or after bonding the cover to the substrate.

30. A method as claimed in any one of claims 26 to 29,
further comprising the step of introducing a second washing
solvent, preferably isopropanol, into the eluent reservoir

either before or after bonding the cover to the substrate.

31. A method as claimed in any one of claims 26 to 30,
wherein the eluent, and/or the first washing solvent and/or
the second washing solvent are separated from one another by

a fluid, preferably air.

32. A method as claimed in claim 26 or claim 27, further

comprising:
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introducing eluent into the eluent reservoir after
bonding the cover to the substrate;

introducing a first volume of an immiscible fluid,
preferably air, into the eluent reservoir;

introducing a first washing solvent, preferably ethanol,
into the eluent reservoir, whereby the first washing solvent
is separated from the eluent by said first volume of
immiscible fluid;

introducing a second volume of immiscible fluid,
preferably air, into the eluent reservoir; and

introducing a second washing solvent, preferably
isopropanol, into the eluent reservoir, whereby the second
washing solvent is separated from the first washing solvent

by said second volume of immiscible fluid.



