METHOD OF SAMPLE ANALYSI S AND APPARATUS THEREFOR Fl ELD
OF I NVENTION This invention relates to a nethod for
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carrying out the nmethod. In particular, the invention
relates to a conbination of séquential processing

steps self-contained within a housing. The invention
can be used in relation to any sanpl e anal ysis where
processing of the sanple with one or nore reagents is

requir ALY BRI ANS AFPARRTBSHIEREIGR
DNA ana mnor ogy,

sanpl es of material s nust be rem)ved from a source and
arﬁt}iﬁe(ﬁ,; nVERTIdN! | oW ng treatment with one or nore
emcal reagents or exposure to specific physical
c 6Ftus friveniion Riatesicaarplethod foe p@ce@m gneanalyeing spaples jgad an
or REBRRHE orcestpirl) o e FRnGE R, Patbllaf tE Huckibn Midtes to =
f|mbummlqmraf@aqwtnfakwmesswgsstapa:@elf-qqméal@qﬂrw in a housing. The
C Y t t
: gﬁ\?garﬁﬁé (f%n %q.hs@mr? Fe‘?%lon ko ta'rn9 %kﬁgltehégaﬂ{%%g\gg@re d?ﬁcég's\# g of the
r exRgEpie svitho ooe mTenae IIBHAeBtp dgi refidrede ad hednyentionchiasararticular
strg[éqlgﬁgep% rpazsgg ogy), and the products of such
reactions an physi cal or chem cal nethods.
There are nany knovvn | aboratory nethods and devi ces
aVvBACKHBIROWUNP achi eving the individual steps, but none
capakbRy ‘??‘elq‘%e RS0y, fg% 36 Ala¥erRlY nﬁ%‘fﬁﬁeekmoved from a

processes wthin a sifg evice outsid
| ednireg Gng @lﬁﬁ}ﬁe@‘n@@ﬁﬂ fommaeveatm?ntl Withf PR, %e@@?s&??/m‘cm

toreg Bah¥ S Spb&ird&o 'Bb@ei% ﬁhfys@élr%hSﬁoni OIF R XSBRIpR, ithere is a

groce33|ng production [ines. is therefore
degeptipred tfor mwﬁsanghyﬁlﬁgofahleloaﬁah samplesetnhadvids aariety of
C BRI Aludngast 1n part. One probl em

associ at ed w th sonme sanpl e processing and anal ysis

t echni ques
The sample must first be procured from its source, the sample chemically and

~ physically treated to prepare the DNA contained in the sample, the DNA then
mixed with reagents to commence DNA-specific reactions (such as standard
PCR methodology), and the products of such reactions analysed by physical or
chemical methods. There are many known laboratory methods and devices
available for achieving the individual steps, but none capable of performing the
necessary and complex processes within a single device outside of the laboratory

environment.

Further, it is often necessary to analyse a large number of samples, for example
in food processing production lines. It is therefore desirable to use a sampling
and analysis method that can be automated at least in part.

One problem associated with some sample processing and analysis techniques
is the time required to obtain the results of analysis. For example, standard PCR
analysis of a biological sample typically takes 2 to 6 hours. To meet the

mands of systems and processes used in many industries, there is a need for

sampling and analysis method that is rapid.



is the tine required to obtain the results of
anal ysis. For exanple, standard PCR anal ysis of a
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neet the demands of systens and processes used in many
i ndustries, there is a need fér a sanpling and

anal ysi s nethod that is rapid. The stringent

requi renents of health and safety, particularly in the
hunan heal th and food industries, nean that

stﬁr(?g?% it cgﬁ%l i aﬁbgft MESH a?m@rgé{‘e% dl#'tﬁiula‘i‘@tln QfeCMmaH health

ere e to use a sanpling and analy
apem;:i' food Sndusiiesi saset thak geagicantaminatign @?%a%ﬁ”éo és must not

Fu&{gfhf} ot l% 'ﬁhe‘r??or%e&%s'” r@BIIeetoSL{%eaéqﬁrh’ﬁ ?%ﬁh@m&%’swﬂ dopatdtus that is

ve ni cal 11l and training required
byanp@u@btﬂ@d indispp$ableel f - cont ai ned apparat us havi ng
equi pmrent and material s enbedded within obviates the

neﬁﬂ'tl’fe?rlt tlé@é?ﬂaﬂfé ﬁ:"éhély@eﬂQanﬁ%l@@MniﬁB@tGhlbﬁ\lé\P&s serdBaical skil
rU‘fer ‘ators of known sanp %u and processi devi

A and frainieg fecisae abm@@eéas?rar 1 fu il el gonner apparatus having

per@g&ml Ma ﬁ%’ceﬁ‘@lsaghﬁe&i&édoﬁntﬁﬁ (Ubeiétefsofheeﬁéﬁlﬂedne hlgh skill

IS therefore an object,  of the |nyent|on
pravd gepsiiensd mQISﬁe@@ﬁﬂko%gdogsspf Koyt s%vgpwgoqﬂgsprg{:essmg

| egsificesh RNy seﬁf]&’orﬁélnéﬂ %lpﬁé}@m% dRIMdsane ddpsreidectibeing able to
di sadvant ages, to at [east provide a useful

al pepteead f@éextmd@ﬂmmls OF II\I\/EI\ITI ON I n one aspect of
the invention there is provided a nethod for anal ysing

a Fifi’é'fmeﬁefbrré‘-‘édl@bjéét of&hehrﬁ%ﬂ@lﬂw ;b}@vfdééa atholdeof IsampleaanalySIS
condui t, where the con U|r§t s at le st _one .sa bl
pr%‘ébs%’?\‘?@”‘leéa@ter’ﬁa%f‘cﬂa sané{ne ﬁﬁ% P 'B?“t&s’”g@wra gme of
s efisadhtabebysHto Bhiebbrorawiie aiakiul Ajeragtiveyi ng heat so

that the solid or sem-solid material |iquefies; c)

S ssing reagent to nove al ong
hg?egﬁﬁfg*ﬁsaﬁ%ﬁﬁ@&f‘ﬁ‘g sanpl e processing reagent to
Coﬁfod&éﬁeépéﬂtﬁéﬁn\whtlbh tHeee aprpligechadneatiead forwnslisingia sample

|]e to forma product m xtur
Pﬁ?;ludlng P e and

a) introducing the sample into a conduit, where the conduit has at least one
sample processing reagent which is encapsulated by a solid or semi-solid

hydrophobic material;
b) applying heat so that the solid or semi-solid material liquefies;

c) causing the sample processing reagent to move along the conduit
allowing the sample processing reagent to come into contact with the
sample and react with the sample to form a product mixture and

d) detecting the presence, and optionally measuring the concentration, of a

product in the product mixture.

The sample may be any sample of biological or non-biological chemical
substances where processing with other reagents is needed prior to detection or

" measurement.



d) detecting the presence, and optionally neasuring
the concentration, of a product in the product
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non- bi ol ogi cal chem cal substances where processing
wi th other reagents is needed3prior to detection or
nmeasurenent.In a preferred enbodi nent of the invention
the sanple contains DNA. The invention is particularly
swted to PCR analysis of the DNA. Typical exanples of

a RAOPLErHag| LE.ARBH! 8P U Rl SRTBLARICARASATEIGS  The

exlruveam:ttonois)parl’clneldrli7 sulmmt@n%CRfaaeld%lg of tha DNA| dypicahaxamples of
skin, iz n%l@'ﬂc JBBL hﬁ]lacp.mec? r[m%e%mgfes”élﬁ QhhBiks hﬁbdl&% Sserum,

Tha % 2 A5 sanpl e processi reagent may be an
ensﬂwaummednémbm s@extrac@nbteme ﬁ@nbboﬁﬁafa@céﬁé'ﬁi fggh, hair,

i n%‘?hdﬁng o(E al rl’ﬁ@ﬁ%{% calergﬂwgra?ﬂa&% DNA anal ysi s

|gonuc eoxynuc ‘eosi de
tri phosphat es and thernostabl e DNA pol ynerase.
Pr €herchlidapt o sambledprocesséng regasntdnanbe rAnagncAgsuatgd aqueous

ors&[lﬁ egf ]pﬁé’rore%ﬁ@lcﬁerﬂ%ﬁgf ibfbchE MRkl 'r@adéh%sﬁéquwed for DNA

separa rom any aqueous solution of sanp
r ean@ysis, innluding d eligenuciEedderet @(ﬁoﬂmﬂcﬁoé}gerratflpﬂ%séhéﬁf
suidabb&a H@W{; ?mgpésgctl ng or neasuring the

concentration o he product, but preferably uses an
optoel ectroni c nmeans. Preferably the optoel ectron

TeBreraBlYLTP] Sl Bh SAMBEOIRCETAHE 1S GmpIeE Sndreare, for example

Ophh&in, dat %%Hérse\@%bﬁﬁtéoﬁfr&ﬁ%ﬂ?%bﬁé’odsosomtlon of sample, reagents,
m Croprocessor. The | east one sanpl e processing

r eQGRIPAUEts. pref er abl y caused to nove al ong the conduit
by the application of increased or . reduced pressure to
t heng Qpeetibn sl rﬂaPh@é ey editsd aiame mor odtedting or measuring the

SOy e gt PP 0 BReee P yaeans

sanple is introduced into one end of the conduit,

mﬁﬁe%ly&ﬁémlwomd PBad isle iyt fatie bemesn i eamblg and an
SOl | r sem

optical detector W]’STICL is connected to a microprocessor.
The at least one sample processing reagent is preferably caused to move along
the conduit by the application of increased or reduced pressure to the conduit.

In a preferred embodiment of the invention a biological sample containing DNA is

analysed according to the following steps:

1) the sample is introduced into one end of the conduit, where an
aqueous solution of reagent encapsulated by a solid or semi-solid
hydrophobic material and a lyophilised mixture of PCR reagents
are contained within the conduit;

2) the conduit is heated so that the solid or semi-solid hydrophobic
material liquefies releasing the aquedus solution of reagent, so
that the aqueous solution of reagent contacts the lyophilised
mixture of PCR reagents and rehydrates the PCR reagents so that

an aqueous mixture of PCR reagents forms;



hydr ophobi ¢ material and a |yophilised m xture of PCR
reagents are contained within the conduit; 2) the

woaanmiise91is heated so that the solid or sem - s8CTANZ2004/000311
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hydr ophobi ¢ material |iquefies releasing the aqueous
solution of reagent, so that #he aqueous sol ution of
reagent contacts the |yophilised m xture of PCR

reagents and rehydrates the PCR reagents so that an
aqueous m'xture of PCR reagents forns;3) the aqueous

m xture Of cﬁ%%@g sl STEd - {{é’?ﬂ% l%%&@%’dgtth'erbondwt
a formard |rec y the application of pressure to
the condui t, insaforward ditsetiong b Siesapplizetinnef gressar to the conduit,
reagent s Con&@%a"‘f tﬁ&?qtfé%ﬂ?h?xt@r%dof'ﬁéﬁ%é@ehﬁ ddpaciPiiel mple
to forma sanple m xt anple mxture is

then noved abowhixasevitdhe@amplerodones samplednixeEi on,

by the application of reduced pressure to the condwt

so that the §RRdRNIE kidFLis!thes mdved AeHiAthBIRhUaR | nZQT?f@verse
wher e thehgn xture FI)S heat elg’ t o denature DNA cont alI ned

in the sanpl diregipnt hwtheispplisadion fireduseh grasantta ter conguit, so

and PCR reagepk $he Sahiph! rﬂ"ﬁﬁMr%dllésU"ﬁ 'éeﬂer@tlﬂaﬁbrt Béne where the
conduit int reverse direction, Xt e appl i cation
e

of reduced pﬁ@ﬁ%@r'éhﬁﬁe@%dm‘d{@m‘ Bntaﬁeﬁﬁh@ﬁlsﬁﬁﬁ’e
zone and heat abstracted fromthe m xture to anneal

ol i gonucl ext tr@em%urgﬁfoﬁt aémadred DA Rint FCRMreddanes is then
to the denatured DNA; ﬁ\eﬁol ution contain

anneal ed Dl\IAmoé’e?rJVré}beraﬁ'QﬂQg gondtdaithe r%‘g?fi%ggecﬂon by the

appl i cation gpplREESS b fedliced Qﬁéﬁﬂe A6 GBS ORI tb e anneallng
conduit, to a det ecti on zone ﬁ DNAbconcentra on |
determ ned ofP%R| 8B¢r mﬁka?l?%;racﬁd t H@Mnithg yMaxture to —annea

cont ai ni ng apfgHueRoNA @minterECBortameenivithihs thehaenixtmwe etb the

along the conduit in the forward direction, by the

15

20

25

denatured DNA;

6) the solution containing annealed DNA is movepl along the conduit,
by the application of pressure or reduced pressure to the conduit,
to a detection zone and the. DNA concentration determined

optoelectronically;

7) the mixture containing annealed DNA and PCR reagents is then
moved along the conduit in the forward direction, by the
application of pressure to the conduit, to an extension zone and
heat applied to cause extension of the annealed DNA by enzyme

catalyzed DNA polymerization;

8) the mixture is then moved along the conduit in the reverse
direction, by the application of reduced pressure to the conduit, so
that the mixture lies in the denaturation zone where the mixture is
heated to denature DNA contained in the sample;

9) the mixture is then moved further along the conduit in the reverse

direction, by the application of reduced pressure to the conduit, to



application of pressure to the conduit, to an
extensi on zone and heat applied to cause extension of

woheocaseaal ed DNA by enzyne catal yzed DNA PCT/NZ2004/000311
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pol yneri zation; 8) the mxture is then noved al ong the
conduit in the reverse directbon, by the application
of reduced pressure to the conduit, so that the

m xture lies in the denaturati on zone where the

m xture is heated to denature DNA contained in the

sampl e: 9) 10 halihSohs atnﬂ%a%\ﬁgﬁcftﬁfohsﬁ <3l BfsbriBeotide

conduit in the rever rrection app I catlon
of reduced ppewsurte theodariatured PINA,; tandtoan anneal i ng
zone and heat abstracted to anneal oligonucleotide

priners t [NYe b doR8uitlbyitHE ppifeation of
t hen rmveglozp’(?a ﬂﬁﬂﬁ%%@%@w dby t#g appl |Ica?t§,| on 8? aton @
pressure or p@@a@r@oprgs@tg@dr@ewr@ﬁ@tfteomw toy  dgtection zone

detection zo EHahéPBotdelesiranicm
opt oel ectronlg@am%dDN%re er ab y tgﬂe a@ovepstepsr 7I tg 10

are repeated one or nore tines, ¥ pically 20-
t i Resferably the sbevmeters pae (0 gre fanea R o Re fypically 20-

g)(?({,,gggl an apparatus for analysing a sanple
I'ng: a) a sanpling device havi ng a shaft with a

condwt | ocated in the shaft where, nl:P
Sln@m@@ﬁ@@pwttqﬁﬂ@dqu;}tmﬂﬁeée ésaw}gylge ?B@B@%riaﬂﬁ foranalysing a

regegﬁﬂg:{,nghga”gé -ve a product m xture; b) a sanple
processi ng apparatus having a receptacle shaped to

accommdat e the shaft of the ng deyi

o T SArRANRING G eAoRRdnd e STaH R r?é’”é%‘ﬁ-ﬁ?cé%gd H'the saft
pr ocessyyRereappanss, ushef @émbl%alis n@ntzeedowithvoge rargmons sample
of the sanp I|n devi ¢ t o enabl e

react i oHrQS’PS?'H reagrpie Zo giveR Qrﬂ%u%ﬁ%ﬂﬂrle nore sanpl e
processi ng reagents to give the product m xture; and
b) a sample processing apparatus having a receptacle shaped to

accommodate the shaft of the sampling device;

c) one or more heating elements located in the sample processing
apparatus for heating one or more regions of the sampling device, when
in use, to enable reaction of the sample with the one or more sample

processing reagents to give the product mixture; and

d) a detection means to detect or measure one or more characteristics of a

product in the product mixture.

In a preferred embodiment of the invention, the sampling device includes a free
rolling ball held within a socket where part of the external surface of the bail is
capable of contact with a surface to obtain a sample from that surface by rolling

the ball across the surface.

Preferably the shaft of the sampling device is a tapered longitudinal stylus, having
a sample inlet in open communication with the socket and a conduit extending
the length of the stylus.



d) a detection neans to detect or neasure one or nore
characteristics of a product in the product m xture.
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sanpling device includes a free rolling ball held

wi thin a socket where part of 6t he external surface of
the ball is capable of contact with a surface to
obtain a sanple fromthat surface by rolling the bal
across the surface. Preferably the shaft of the

S ling device is a tapered | ongitudinal st :
b PG e PR 6 SRR RY Ea PTG (R g i the
SO@dﬁéﬁ'l at&ﬁ@f EheC SRl taspedt @f ¢him thvehtionl. €Tige mvehtidrhalso provides a
stylus. The invention further provides L

JeSATRe RISpSSINOr P3RS oA dtrd T s Ot e 3POeTRLS ot dne, gecond
aspgrett ofthé mveniisnvent i on. The invention al so provides

a sanpl e processing apparatus adapted for use in the

ap of the invention. BRIEF
DE%%%#?&@%FWEW%%W 1 shows a sanpling
deNigae DEhdvea sampling davicerof sehievaxtios irf schematicdonne 2
shows a sanpl e processi ng apparatus designed to

' g ! . _
SRR AR Buh I PRI 88 BRed t BoM ot o
s aspheingrdeviessif riguegppar at us of Figure 2 prior to

heating. Figure 4 shows the sanpling device of Figure

1 ; : " . _
3 PRS0 LARAATRL e REERIAD RERBUH i i pctssin
i ngrparaton of Eigoes2drariohratingevel opment of a net hod of

sanpl e anal ysis and an apparatus for carrying out the

MeEROR YRGS ﬁ%’@n?p‘ﬁn@ﬁ@vi@é BEESHRY Wehtdd 3R ehelEani®é Brocessing

reagents and the products detected in a manner where
t hapreaatys of Bigyre 2 BYewing ealingr oduct s can be
mani pul ated by novenent along a conduit to various

zopesAllEd pEyCHIPTIONted in a controlled way and where

t h'?'hirs?r?\fetnltigrr]] is based on the development of a method of sample analysis and
an apparatus for carrying out the method where samples are processed with one
or more reagents and the products detected in a manner where the sample and
reagents and products can be manipulated by movement along a conduit to
various zones that can be heated in a controlled way and where the reaction

products are detectable.
The method includes the steps of:

a) ' introducing the sample into a conduit, where the conduit has at least one
sample processing reagent which is encapsulated by a solid or semi-solid
hydrophobic material;

b) applying heat so that the solid or semi-solid material liquefies;

c) causing the sample processing reagent to move along the conduit
allowing the sample processing reagent to come into contact with the
sample and react with the sample to form a product mixture; and



products are detectable. The nmethod includes the steps
of : a) introducing the sanple into a conduit, where

woheoetaydui t has at | east one sanpl e processi ngCTRAZEA000311
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whi ch is encapsul ated by a solid or sem -solid

hydr ophobi ¢ material; b) appl ying heat so that the
solid or sem-solid material |iquefies; c) causing the
sanpl e processing reagent to nove al ong the conduit
all ow ng the sanpl e processing reagent to come into

contagt wth the sanple and r.e 1t h &

formdl preiha hrmeamss. Sty Rehe Hidesy iy S iRk Gillon. of =
and opt paiaty iy teeersdudtmgixturee concentration, of a

product in the product m xture. The nmethod is useful

f th [ ysi i . ' i .

(o PRI Bt R A Bl oA R s
chwrrﬁneathet samﬂié onunshtunoiergo Bhee of mvaratdhemi¢a trapsforrationsad The
to, t . n S . i ki . .
PR BT Y PRy A R o s

cooswliit by any suitable nmeans. However, a preferred
nmeans is by using a free rolling ball held in a socket

ggﬁih% gg_r.ln.éf%gmgxgk?e R?o!ﬂu@éﬁl{jiﬂﬁﬁhé E&ﬂcﬁlﬂrﬂc Jufte Wap8. HBRever,
nprée"is to be obtarned. A sanplin vice of this
nat uarefeirsd mhgans b pi aisingf a frre relfipg Palahelddn p@pcbgtt@'ﬁlt rolling the

_ap?!ali, GaldsQ rfh@g%lrféjcgﬁm%ﬁﬁg%ﬁ%g%amﬂéeis%wBbtahﬁa. A sampling
internal geoneftry that 1s preferably a single |inear
unbeviee béthipastheis thesubigrt ofdhg BPaRtisANbR: PCApkatett anrhation no.

nopgﬁyﬁ@@bod%l%_tructi ons. However, the conduit may be
non-11inéar or branched. The sanpling device nay be

constructed of any suitable material, but is
pr @hercabriyit banintsrtek erpmetonthatisyrpierabina singip iy unbranched

ﬂ;ééﬁﬁlayg%ﬁd,aéﬁh%ﬁaﬁﬁ%é’ tdRr&O RS b Phosichlrd®Riractions. However,

rocaf bon or perf| uorocarbon plastic, a polyner
r eiengonsiuit meytbe nogHimeay or Ben¢hedn, doped silicon, or
ot her sem conductor based materials, a
The sampling device may be constructed of any suitable material, but is

preferably constructed from acrylic. The sampling device may alternatively be
constructed from a hydrocarbon or perfluorocarbon plastic, a polymer resin,
silicate (glass), silicon, doped silicon, or other semiconductor based materials, a

metél, or a metal alloy. The ball is preferably constructed of the same material.

The conduit preferably has an internal surface that is coated, either prior to or
during the course of sample processing, with an inert material such as a
hydrocarbon, perfluorocarbon, or silicone wax, oil or grease.

The surface of the ball may be simooth, or may be textured or roughened, or
coated with chemical modifiers, to minimise slippage of the ball on the surface
when in use and/or to maximise or control sample adhesion.

Although a roller ball is the preferred means for obtaining a sample and delivering
the sample to the conduit, other devices may be used, such as wheels, valves,
vents, wicks, capillaries, syringes, pipeties, tweezers, probes, automated

samplers, brushes, scalpels, needles, and fingers.



metal, or a netal alloy. The ball is preferably
constructed of the sane material. The conduit

wonrefemsshlly has an internal surface that is coRC®KZ2004/000311
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either prior to or during the course of sanple

processing, with an inert matgrial such as a

hydr ocar bon, perfluorocarbon, or silicone wax, oil or
grease. The surface of the ball may be snpboth, or may
be textured or roughened, or coated with chenica

nodi fiers, to mnimnse e ball on

suﬂ'hg@@n”w}geﬁ]ayneqy%re hgn%qngpl?lgg%ﬁﬁ9§qﬁe§lg RFSSUEG 1" otlm%er applied

s apRissurad&rasy vaiduurilviHepsl gie sanfptd isesucked intd the theduit.
pLeferred means for obtaining a sanple and delivering
the sa to t

d th d :
sudhe 8 5 Qre?q;agl\glg%tfaq?@q?g gr\%f’g%\él %zpl I a@?lg l’ﬁgldmatenal
SYEéIB&@& ,frogi me:]gre@p |rfcm&1§ebst nqtliatied, to Abloadymeran, saliva, urine,

ers rushe C need
SRl PR or B RkA T A58 leBBn B, R0BE U pn
or rr\éféf%ll rﬁa’@bﬁ§gr mlicﬁslsalrr&abltats Besaoylarmal ehs‘nam@ly be a non-
e.li ed i cond
é}gép@f @argp £ gﬁlgp{%pgp g'}eéigglﬂpg@cgg#gr gﬁtgd;&) r‘ﬁnt%c?to wgrer from
rratn@teraéy§ eineottadl fwame t hed ghazgodousc|ard |nng-ham.rﬂol|fﬁ:)t0hemlca|3
[i l.ood, .,serum saliva, urine, mlk, and an

exf ngJB?'S?ﬂE(S"??tsﬂ’?IBone faeces, fat., flesh, hair,

skin, plant material, mcrobes or m crobial habitats.
Tha hsa:nploenmg/samplermamssegyemrms e hiecany giobid | fluchepgaseous

\?\gl{ %:gtef(%ﬁ 8‘!’41[%?\)2% t",f\,%'géeosléﬁ’ﬁ ﬁ@(#ﬁ%ﬁ%@ i tﬁéogeghghlg‘z ;lfnd%tlﬂageferred

or emhodimmartld@lmecdﬂemocalrﬁglentsl andi ﬁgleptgdﬁmtthey@roup, but not
m})%ég g%gydér%%r%%e ?Fﬂugporcgrb%ﬂ'gf’lsﬁ”cBﬁé’gr‘aeﬁéNa)[e%aé?ﬁr&E water

aseous reagent suitab
f orbaped)beﬂea's r@dadeeorsombﬂng jogganfc ghd |@qg@m|@ chemicgl reagents,

SeI @%ﬁ%ﬁgﬁrﬁﬁﬁ %Brl%% g?ot%gﬁx CPI'BPH% tég\grg@ 84 &infaBumin (BSA),

hy direbelasd dicoll, pﬁelfznum aiarosenagaross; | Hieahemicst erpgests\ggdised for

g?%g%*rhr?;aq\g?gﬁ%yg@%%ﬂldﬂﬁfJngércﬂ]lc%ﬁld@@t HoxRlidRside3@shosphates

gani c cite reagents, trisma,
rrag:mdslnermosﬂabbrﬁ)lﬂﬁ,pokymeawi um chl ori de, Bovine serum
al bumn (BSA), trehalose, ficoll, nelizitose, sucrose,

agad 9se, B WHEMGa! orf BRRERI3eh @MY &t hfirated or dehydrated by
processes including, but not limited to, lyophilisation, evaporation, freeze drying
or the like. For example, in the case of DNA analysis, the PCR reagents can be
in the form of a lyophilised plug in the conduit of the sample device to maximize
the stability of the reagents. During sample processing, the lyophilised -plug is
contacted with an aqueous solution causing the plug to rehydrate and be utilised

in sample analysis.

In a preferred embodiment the conduit is open-ended allowing for pneumatic,
hydrostatic, osmotic or electroosmotic control of samples, solutions of reagents

and products, as well as for analytical interrogation.

The construction of the conduit may be by way of extrusion or pultrusion, such as
in the formation of a tube, by machining (including drilling), by injection moulding,

by injection compression moulding, by lithographic methods (including photon,
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may be hydrated or dehydrated by processes including,
but not limted to, |yophilisation, evaporation,
freeze drying or the |like. For exanple, in the case of
DNA anal ysis, the PCR reagents can be in the formof a
| yophilised plug in the conduit of the sanple device
to maxi m ze the stablllt of the rea ent.s
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pr®HRNESatigy wel | as for analytical interrogation. The
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The processed sample can also be recovered from the lumen of the conduit for
more detailed analysis. Such analysis could include bhromatography,
electrophoresis, spectroscopic techniques (mass, atomic, absorption etc),
biological assay, macromolecular sequence analysis including nucleic acid and

protein sequencing.

The invention has a number of important advantages. The fully self-contained
chemistry requires no special technical knowledge by a user of the apparatus.
No other materials, such as other reagents, are needed. The invention is well
suited for use outside the laboratory environment. It is also easily adaptable to
automaﬁon, including remote automation. The elimination of material transfer

steps means that loss of sample is minimised.

The construction of the device is in two parts, the sampling device and the

sample processing apparatus. This enables sophisticated processing and
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i ndex, reflectance, absorbance, fluorescence,

| um nescence), ferro and paraigragneti c, resonance
(nucl ear magnetic, proton magnetic etc) methods. Such
interrogation of the |lunmen can be perforned
transversely (through the Iunen wall), axially (down
the core of the | unen
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of sanple is mnimsed. The construction of the device
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once used and contam nated with sanple, can be

di $pos %PtlnS%e EE@lcgqn&ﬁhM?egta impAPPhal PrHEES WiGin a socket 3.

reag &t evi ce provides for an
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t hanalgé)smkmtr@sprocessmg of a sample requires he ﬁg, it wnl be appreCIated
that the device 1 will expand against the inner wall of the receptacle when
heated. The taper of the shaft 4 also has the advantage of minimising the

trapping of air when the device 1 is placed in the receptacle 5.

The shaft also serves as a handle. The shaft 4 may additionally be shaped or
configured to suit the manner in which it is to be used, such as for holding by an

operator during manual operation or for use by robotic manipulation.

The device 1 and the ball 2 may be constructed of any suitable material, typically

acrylic or some other suitable plastics material.

The socket 3 comprises an opening 6 through which the ball is exposed and is
accessible to a surface from which a sample may be obtained. The narrow gap
between the ball 2 and the socket 3 represents the sample inlet 7. The diameter
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to be appreciated that the device shown in Figures 1
to 4 is one exanple of the im#ention and that the
invention is not limted to the exanple. The cartridge
device 1 conprises a sanpling ball 2 housed within a
socket 3. The ball 2 is free to rotate in any

direction and has a surface that can range, fr
e s soard R sraEinhe 33ed e ban 2, s
at rg%ﬁiﬁ%gttﬁe 85Il 3 froithmeg ald of thesasret 3 t h the end of a
shaft 4. "The shaft 4 is tapered to facilitate easy .

entry to and exit froma receptacle 5 ( hown
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appreci ated that the devjce expand..again
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shaft 4 may additionally be shaped or configured to _
SUptsdriBe oTeslngy of panskfich2idre ilscater ithinsibe, lumeohlGas Asowill be

hol di ng b n operator durin n ope, Wolp) i
LSO FEHoRY R AR B, e dgrcd Heta (e gfg inmer
2 BmyadeeofahE finianct®dThé pluyy of watail €2 fatmezdnes,around an aliquot
typjcally acrylic, or. s ot her ' Dl i :
mapbadugels Trasnal dkolt i BE ABpREiistihosustif sl b iBed 29 a solid
Whit Fodnh @efapblatirs, sughoasch avarl drsa gosesesbbt astaflaid at elevated
surface fromwhich a sanple nmay be obtained. The
nalsRF G4 het ween the ball 2 and the socket 3

represents the sanple inlet 7. The diameterof the
openiyaghilidedt Aliusbok etag@ntss 14 feldcstiedt withn tthe linemdPer For the

of the ball t hys_.pr gventi he,. I fal Lhmdi
o bReeEal e, A AU DRHARALR I o g T b
opeosktaiebf bibchérpichlatdag@ntsoretioirerd inckidingl tsiseng; Ipetasgum chioride,
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TL@{%&%{T%%Q@Q%Q%E Leduqed pressure (vacuum or

An aerosol filter 15 is also located within the lumen 10 at the distal end 11 of the
shaft 4. The outer diameter of the aerosol filter 15 is such that it fits tightly within
the lumen 10 and is held firmly. The aerosol filter 15 must be sufficiently porous
to allow air to flow for the movement of samples and fluids within the lumen 10.
The aerosol filter 15 is typically made from high molecular weight polypropylene.

Referring now to Figures 2 and 3, the processing apparatus 16 has a receptacle
5 having a tapered internal wall 17 corresponding in shape to the tapered
external wall of the shaft 4 of the device 1. The receptacle 5 is therefore shaped
to receive the device 1 in a snug fit. The receptacle 5 may be constructed of any
suitable material, but is typically made of Teflon, which is self-lubricating and

therefore aids in the easy insertion and removal of the device 1.
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of plugs of paraffin 12 are |ocated within the |unen
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art, the plugs of paraffin 12 wet the inner surface of
the lumen 10. The plugs of paaffin 12 form zones
around an aliquot of aqueous material 13. It will be
appreci ated that paraffin can be used as a solid at
roomtenperature, such as a wax or a grease, but as a

fluid at eIevatedtenperat r hilise
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suitable material, but is typically nade of Tefl on,
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y rnser and re e device 1.
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inserted in the processing

The heat zones 18, 19, and 20 will transfer heat to the receptacle 5 to create
corresponding heat zones on the internal tapered wall 17 of the receptacle 5.
Heat will then be transferred to the shaft 4 of the device 1 and to the lumen 10.

The heat zones 18, 19, and 20 are also fitted with a means to detect the
presence of fluid plugs in the lumen 10. This may be by any suitable mechanism,

but preferably by optoelectronic means.

The apparatus 16 also has a base unit 21, which houses a pneumatic pressure
controller, a valve and a spectroscopic optoelectronic detector. The apparatus 16

also comprises, or is linked to, a microprocessor.

During operation the shaft 4 of the device 1 is heid and the sampling bali 2 is

rolled across the surface from which a sample containing the biological material -



apparatus 16. The heat zones 18, 19, and 20 may be
constructed of any suitable nmaterial, but are
wonrefemsshally al um ni um The heat zones 18, 19, BQWN22004/000311
have enbedded heating el enments and tenperature
measuring elenments to allow tt® setting, nonitoring
and control of the tenperature of each of the heat
zones 18, 19, and 20 i ndependently from each ot her.
The heat zones 18, 19, and 20 are sufficiently spaced
part.su t their t t 1 I
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t heapplecessi ng of a sanpl e containing DNA usi ng PCR
anal ysis, the heat zone 18 is set to 95C and is

5 SRRl 50 S TGLAB L 9 el Syrtontosat s 1

heaé showe iR(Figeresdt Wminwimeertivhearsanige of SNiGPPOEEEON gontrolled

ted th |
g m%ga ed Ff??e”é%@]ﬂg? h tgéﬁ@% hg\?lélge tagéfﬁb‘ﬁ%tetllgCR]&emlstry,
Cr eat e'neodmecempauﬁmarmodlmse ofAtbe &NAoehamistry.nt er nal

tapered wall 17 of the receptacle 5. Heat will then be
i e18haf 1b@f frleeshaft 4.
RSt g 1 ool e Mg oenispor s
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ITE hani sm toe ectronli c neans

apfieed2gsedls raateualh‘easarai &s:areéy@ﬁtetthz Iophilisechalinyat ey eage“ts 14
pn%’f@%' Lr g ESsiii&reontroller, a valve and a
ro

Spec scop ¢ optoel ectronic detector. The appar at us

16 al so conprises, or is linked to m rﬂ%roces iroll
Dur i n§TERdr atingnfinsh step 9% pProcessipg pﬁgned%q;ﬂ & pt'gSﬁtérpocon roller

45and the sanplidfeRadh mefeled guild sfjpl%%é@’é&otth@ réagdna aeixture 22
fromwhich a sarrpl e containing the

mat eri al of i rtestically theough the ‘Hﬁ‘&f‘y%ced Trﬁof’ﬁ?'*'% ofsthe gagent
bal | 2 wi thi nhhfe 996K Qktedictiddi®Sectronically as it passes through the

heat zones 18, 19, and 20. The reagent mixture 22 is shunted
until it contacts the sample at the sample outlet 8 to form a

20 mixture of sample and reagents 22.

STEP 2 Following contact of the sample with the reagent mixture 22, the
pressure controller delivers a metered pulse of reduced pressure
in the lumen 10 until the mixture of sample and reagents is
withdrawn down the lumen 10 to the zone of denaturation block

25 " 18. The microprocessor ensures that the mixture of sample and
reagents remains within the zone of the denaturation block 18 for
a timed period. The mixture is heated at approximately 95°C
during this time. This may be any appropriate period, but is
typically 1-2 minutes. This step serves to free much of the DNA

30 from celiular material. PCR denaturation takes piace.



sanple to transfer fromthe ball 2 to the sanple inlet

6. In addition, shear forces between the ball 2 and
wohesseet 3 may help to facilitate disrupti oRCDINZ2004/000311

cells in the sanple. The device 1 is then inserted

into the receptacle 5 of the ptocessing apparatus 16

as shown in Figure 3. Upon insertion, a series of

m croprocessor controlled tinmed events facilitate the

processi ng of the DNA by appropriate PCR chem stry,
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opt oel ect r oni passes through the heat zones
18, 19, and 20. The reagent mxture 22 is shunted
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forma m xturg gb S0l &s A Hhei&BEGYsE ForessUr t the lumen 10
C e sanple with t

Fol | owi ng coftact of 1 e reagent
mxture 22, tumdl preessiutien Gemin dhe gonelf isxansion Reelerl®g The

pul se of r ed%ﬁﬁgég?%%?&%‘%hfé&’th& %H@BEJH&TQ réthihé wWith® this zone

m xture of sanp reagents 1s wthdrawn down the
| umen 10 to tfbeaztined periatendhisrmay e Hoererepriatgperiod, but is

15M Cropr ocessocp%igé‘l&n.“ﬁ?eédﬁﬁk g Bhdititss Ble SRBRdioH 3R of the

reagents renm _ n the zone of the denaturation
bl ock 18 for RCRipneagsperiod. The mixture is heated at
approxi mately 950C

STEP 5  The pressure controller then delivers a metered pulse of pressure
to the lumen 9 until the solution lies in the zone of denaturation
block 18. The time period for this denaturation step is typically 8

20 seconds.

The steps 3 to 5 constitute a complete cycle of PCR and an effective doubling of
the target DNA sequences. Any number of cycles may be used, but typically 35
cycles are used. Real time analysis is achieved during each cycle at the

annealing stage.

25  For the purpose of PCR analysis, the lyophilised aliquot of reagents 14 contains
trisma, potéssium chloride, Bovine serum albumin (BSA), trehalése,
oligonucleotides, deoxynucleoside triphosphates and thermostable DNA

polymerase.

Although the invention has been described by way of example, it should be
30 appreciated that variations and modifications may be made without departing
from the scope of the invention as defined in the claims. Furthermore, where



during this tine. This may be any appropriate period,

but is typically 1-2 mnutes. This step serves to free
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denaturation takes piace. STEP 3 Upon conpl etion of the

denaturation step, the pressut® controller delivers a

net ered pul se of reduced pressure to the |lunen 10

until the solution of the denatured DNA lies in the

zone of annealing block 20. The m croprocessor ensures
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seconds. The steps 3 to 5 constitute a conplete cycle
of PCR and an effective doubling of the target DNA
sequences. Any nunber of cycles nmay be used, but
typically 35 cycles are used. Real tinme analysis is
achi eved during each cycle at the annealing stage.
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ol i gonucl eoti des, deoxynucl eosi de tri phosphates and

t her nost abl e DNA pol yner ase. 18l t hough the invention

has been descri bed by way of exanple, it should be

appreci ated that variations and nodifications may be

made wi thout departing fromthe scope of the invention

as dglﬂ' ed in the clains. Furthernore, whereknown

eq%‘- nts exist to specific features, such

equi val entasmathed ifsremalysingteeshnade intlusipgci fi cal |y

referred in this specification. | NDUSTRI AL

APPLI CABI LI TY, The. met ho .anpar i

i nvent i on Zar BTELESNY h'leng%rﬁ@ngdggr%ﬁgé&%% q’ghrﬁg i%(]:eatC ?%dnuslt. has at
The i nvent i olkastsoreasdmplalmaodegsing eéagent ghichhis eppsulated by a

testing of sanpl es @glsg% r@%ﬂngﬁiQWAtQ%' However, the

i nvention rra§/° 38 or ’an anpl e processi ng where
m xing with reagents is required before sanple i

anal ysi s. brhepplyingheataoe thaidhe atligrarsemirsalid matesipl liquefies;
application as it can be used out side the | aboratory

envi ronne : [ h&l alsig the @dnduit
opor at or o. {01 ARSI BRI koL RAOMER 2ot hoaindu
i ncl udi ng: aalldwing uedrgle Prrsessing readent & ﬁorﬂ%ﬁﬂn‘gi"?r}tad with
where the Coﬂ%”éémﬂ@%nétrleé&%ﬂw PREFHIP IS fRFOS PRSHUBDmMixture;

reagent which 1s encapsulated by a solid or sem-solid
hydr ophobic aaderial; b. applying heat so that the
solid or sem-solid material liquefies; c. causing the

sanpl e procﬁeﬁéﬂee%d eqeeNtoréLnBBY € afd Ongptiohellyc omelizistiring  the
all om ng the sanple processing reagent, to cone into
contact wi t hcengengatig. &F aRePduetip thePOFUEHBIXUS D e t o
forma product mxture; and d. detecting the presence,

and opt i onQlethd@easisia it biaint Operd thatdapiple edntains DNA.
product in the product m xture.

3. A method as claimed in claim 2 where the sample is blood, serum,
saliva, urine, or milk, or is an extract obtained from bone, faeces, fat,
flesh, hair, skin, plant material, microbes, or microbial habitats.

4, A method as claimed in any one of claims 1 to 3 where the at least

one sample processing reagent is in aqueous solution.

5. A method as claimed in any one of claims 1 to 3 where the at least

one sample processing reagent is a solid.

6. A method as claimed in any one of the preceding claims where the at
least one sample processing reagent is a mixture of chemical

reagents.

7. A method as claimed in any one of the preceding claims where the at
least one sample processing reagent is a mixture of chemical and/or

biochemical reagents.



2. Anethod as clainmed in claiml1 where the sanple
contains DNA. 3. A nethod as claimed in claim?2 where

woheoeasmlie i s bl ood, serum saliva, urine, orPaTiNZ200a000311
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IS an extract obtained from bone, faeces, fat, flesh,
hair, skin, plant material, nfi7zcrobes, or m crobi al
habitats. 4. A nethod as clainmed in any one of clains
1 to 3 where the at | east one sanpl e processing
reagent is in aqueous solution. 5. A nethod as clai ned

in any one of cl ai 1 to 3 where the at | east.

sanmpl®e pr M%@Pﬂ&s%ﬁ’éﬂfn By 9ne 8 lﬁﬁ"ﬁ.pr%c.edﬂ’gné%lﬂ%gﬁh e the at
cl ai med i psan¥n®BEmPle procesRirecedyat islaamiiuratoé cbemigel and/or
at | east one sanple processi.n eagent | i Xture of
cheni cal !@%‘a@m@” .geﬂ%rﬁ?ﬂWB%frgga'gﬁﬁ?m%a%ﬁmany one

of the preceding clains where the at | east one sanple
processi N\ memgenis damadin atyoee of thehwetestitg caidisovhere the at

bi ochem cal reagents, 8 . A neth S, k ' [ and/
one of thzeaﬁf ee%&PWQ'ecP@F%%S'%’eegge'?‘h% a&' egsdtf%g%g%a andror
sanpl e pr eRBSNRG! rezagestredured for BiNArapatyBischem cal

and/ or /biochem cal reagents required for an enzyne

assay,.. 9. /A net hod as. cl.aj [ ;

pr eced ng /’tﬁngﬁﬁ’@ %CZ 'g]etdﬁ'bag%ﬂn é‘ﬂfﬁ%“&ﬂ%%%%f%% quired for DI_\lA
pr ocessi ngnagaigentiuds anenorxmere obfinargenit cxlts aliig/ fffer, bovine
bi ochem cal reagent s _.requi f oL sis i
met hod as ST red ursﬁn'ré'l aﬂﬁwég‘?’v\heer;“g meléé@%’ent geé;é}nueﬁeomde
required fidphdSplhatasafisalli suirse,uagarose welizitpee apgl thermostable .
i norgani c tsI te{é% buffer, bovine serum al bum n

(BSA), oli BRYTSHS eés, deoxynucl eosi de

tri phosphates, ficoll, sucrose, agarose, nelizitose

and ttler no’strethas as Diaimediny aey gse of the preceding fipime where the

clai med in gny %%@egin %?g%q§§quﬁﬂili§é@§&ﬁ. where the

sanpl e processing rea a I'yophilised solid.

12. A method as claimed in any one of the preceding claims where the

solid or semi-solid material is a wax or grease.

13. A method as claimed in claim 12 where the solid or semi-solid

material is paraffin.

14. A method as claimed in any one of the preceding claims where
detecting or measuring the concentration of the product in the product

mixture is by an optoelectronic means.

15. A method as claimed in claim 14 where the optoelectronic means
includes a light path between the product mixture and an optical

detector.

16. A method as claimed in claim 15 where the optoelectronic means
includes a light path projecting into an optical detéctor, where the

optical detector is connected to a microprocessor.
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12. A nmethod as clained in any one of the preceding
clainms where the solid or sem-solid material is a wax
onogrszEe. 13. A method as clained in clai m1PCHNER@4/000311
the solid or sem-solid material is paraffin. 14. A
metho.d as clainmed in any onet®f the preceding clains
where detecting or neasuring the concentration of the
product in the product mxture is by an optoel ectronic
means. 15. A nethod as cl ai ned in clai m 14 where the

opt oel_ect d

o odut - i MAAR SamGhi £ S cLdinprecauns KR e te

Iafmlcl gle rrECJsarrrpleszlaaumtr ﬁl’ie ehepe mrbeesqmgamagemm causedrte move
udes a a

det ect or, KBSt @dﬂb@tgé%gé'iﬁ% ﬁegsg)gégﬁﬁee%%éa't'to a

m croprocessor. 17. A nethod as cl a| med in any one of
the preecedi ngtiedcabhanalysiegen biblegahpéreplarcdniginindhBNA according

sanpl e pr& Iea ent are caused to nove along the
Sconduit b S?‘Fe# ﬂ%ﬁ ron pressure to the conduit.
18. A nethod of anal yS| ng a biol ogical sanple

cont ai ni ng DNA athecxrammaglstlotrmdt@eﬂ aimtb owiergdsefepe :conguit, where
the sanple is i nég%ﬁﬂ%o%g ddi t%no&ereg &t%nc&tfiﬁl&t@@cﬂﬂl' ’Solld or

where an aqueous ion o reag en enca by .
solid or seni - soserdi-dvjid hggriophdkic mt@r.ral &nd @nluogmllsed mlxture of

JopM 1 e XL BER BlobEsanenn mﬁnem%aamsd

within the condul condul t ated so that

the solid or sem -solid hydrophobic materi al quefi es
rel easi ng t he2)agtheowondidll ug i astest sedbehthe s??"ﬁh&f $ggi-solid

aqueous sol uti ony, roysr?)g %teﬁé’ﬂfqﬁ@ﬁ@s r‘éth%sﬂn@@lﬁ’é‘hbuéiﬁl@ solution

m xture of PCR re rehydrates the
reagents so that Ohl’eaaqﬂde%ﬂ@awb@ afeeqys sptafop @éé%ﬁﬂegt contacts

the lyophilised mixture of PCR reagents and rehydrates the
PCR reagents so that an aqueous mixture of PCR reagents

forms;

3) the agueous mixture of PCR reagents is moved along the
conduit in a forward direction, by the application of pressure
to the conduit, so that the aqueous mixture of PCR reagents
contacts the sample and mixes with the sample to form a

sample mixture,

4) the sample mixture is then moved along the conduit in a
reverse direction, by the application of reduced pressure to
the conduit, so that thé sample mixture lies in a denaturation
zone where the mixture is heated to denature DNA contained

in the sample;

5) the mixture containing denatured DNA and PCR reagents is
then moved further along the conduit in the reverse direction,
by the application of reduced pressure to the conduit, to an
annealing zone and heat abstracted from the mixture to



forms; 3) the aqueous m xture of PCR reagents is noved

along the conduit in a forward direction, by the
wapplsioseiion of pressure to the conduit, so thaCTMNZ2004/000311

aqueous m xture of PCR reagents contacts the sanple

and m xes with the sanple to f@rma sanple m xture; 4)

the sanple mxture is then noved along the conduit in

a reverse direction, by the application of reduced

pressure to the conduit, so that the sanple m xture

lies in a denaturation zon re.the mxture | .
heated to denat (#€® 1988H$3¥%dprilrﬂer§hognga%egf\g&tﬁ’lg)th? fuxture
m xt ure cont ai nitpehedimature@ ®NMNA and PCR reagents is

then noved further along the conduit in the reverse

direction, by t Lication.

the condui ¢, Qo o SAearA B BRI DI SE dopo e

2 fom t hedm xt ! ecohadtbetie apoligatiuncdfentssdes qrreduesesl pressure to
R A o e iy

Sthe solution co Fs nove
the conduit by tdeteraiied egtbeledraficgily,lessure or reduced
pressure to the conduit, to a detection zone and the

DNA concentraji on_determn P . r oni . :
the sanple ni tutF\g SRS Wﬁ(ﬁtérga%ﬁ@élﬁ@g %lméégénddbpl\éé)and PCR
Ifreagen:jsd! s t henreamaresl isiltbery rodrvedcalndgithe jaengwik in the forward
or war irection t.h i.cati .
the condui -t o SireBd EHanS HBpLGRbh 8 pftbsedBatc Eahdh to an
10 cause extensi on eftertsim z20mee ahea dieBNAPHiRd dn OpHee extension of the

catal yzed DNA pol yiTErl,z50A 80:enBimb Retalfbd BRA dctyrh&®Ation;
dart=1n Y e é’

noved al ong the e evers

8) the mixture is then moved along the conduit in the reverse
direction, by the application of reduced pressure to the
conduit, so that the mixture lies in the denaturation zone

15 where the mixture is heated to denature DNA contained in

the sample;

9) the mixture is then moved further along the conduit in the
reverse direction, by the application of reduced pressure to
the conduit, to an annealing zone and heat abstracted to

20 , anneal oligonucleotide primers to the denatured DNA; and

10) the mixture is then moved along the conduit, by the
application of pressure or reduced pressure to the conduit,
and the DNA concentration determined optoelectronically.

19. A method as claimed in claim 18 where the above steps 7 to 10 are

25 repeated one or more times.

20. A method as claimed in claim 19 where steps 7 to 10 are repeated 10-

40 times.

21. An apparatus for analysing a sample including:



direction, by the application of reduced pressure to
the conduit, so that the mxture lies in the

wdenwioaydti on zone where the mi xture i s heat edPCO/NZ2004/000311
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denature DNA contained in the sanple; 9) the mxture
is then moved further along tae conduit in the reverse
direction, by the application of reduced pressure to
the conduit, to an annealing zone and heat abstracted
to anneal oligonucleotide prinmers to the denatured

DNA; and 109 taagaena%g éjerv?ce ﬁa\yl&e q gﬂ&ﬁe\ﬁltﬁlao% g,f'@ocated in the

condui t, b? cation ressure or uced
pressure to tsheft ededyiit, usendhe h@ﬂleAsmntg@tﬁd' with @re or more

det er ned_oRL ol GheaeAELYnd B ot SBIgRE: ABagbal e

in claim18 WA to 10 are repea t ed
one or nore times. 20. A nethod as clained in claim19
wher e st epb) 7 samle pipesssigearratiatys-haxipgt g feeeptasle; shapged to

apparatus for, Y)ﬁét@%@SﬁQP&“ﬁﬁtiE bl%'d&tc@% a

sanpl i ng devie aving a s a conduit |ocated
in the shaft where, in use, the sanple is contacted

Wi th one or) rmoEerIaesl @q@ﬂ@@é%%@ﬂﬁ@ lqcategdttae sgmgieyrrogessing
product m xt elg;??acalms f@hﬁ@é'{.ﬁ’m OnId?P Fitpe k%r@%@lﬁ@&éﬁplmg device,

having a rec to accommo e the shaf
the sanpl i ng veheni meuse@)to @nablgrreagion efelbei $RIRIE n‘%‘? one or

| ocated in tr}ﬁ SNg gt 11108 ,Ia,ga@;tl fmikture;
one or nore reg| ons ?%ﬁe saﬁpl ?%%ﬁdewdc% vvhgn in

use, to enablandreaction of the sanple with the one or
nore sanpl e processing reagents to give the product

{)n.n)e(t g: e;m)ard!g &) dedRheGheaHs NBaRStdcP Oetpehspé ORASUr emore
re
characteristics of a product in the product mixture.

22. An apparatus as claimed in claim 21 where the sampling device
includes a free rolling ball held within a socket where part of the
external surface of the ball is capable of contact with a surface to
obtain a sample from that surface by rolling the ball across the

surface.

23. An apparatus as claimed in claim 21 or claim 22 where the shaft of
the sampling device is a tapered longitudinal stylus, having a sample
inlet in open communication with the socket and a conduit extending .

the length of the stylus.

24. An apparatus as claimed in any one of claims 21 to 23 where shaft of
the sampling device provides an optical path for analysing the

product.

25. An apparatus as claimed in any one of the claims 21 to 24 where the
detection means includes a transparent window in the wall of the

sampling device.

26. A sampling device adapted for use in the apparatus as claimed in any

one of claims 21 to 25.



characteristics of a product in the product m xture.

22. An apparatus as clained in claim2 1 where the
weoeanplosyigidevi ce includes a free rolling ball Rermz2004/000311

within a socket where part of the external surface of

the ball is capable of contaceiwith a surface to

obtain a sanple fromthat surface by rolling the bal

across the surface. 23. An apparatus as clained in

claim2 1 or claim?22 where the shaft of the sanpling

deviceg is t apered | ongitudi nal I

sampl € i nl tsaﬂﬁ?%ﬁﬁeﬁ%ﬁqﬁﬂ?%rﬁﬁ So%éa&kﬁfo{ ﬂggs@g?(éelta ppargtus of
a conduit g endbigaimbe1lteadt h of the stylus. 24. An
apparatus as clainmed in any one of clains 2 1 to 23
where shaft of the sanpling device provides an optica
path for analysing the product. 25. An apparatus as
claimed in any one of the clains 2 1 to 24 where the
detecti on nmeans includes a transparent wi ndow in the
wal | of the sanpling device. 26. A sanpling device
adapted for use in the apparatus as clained in any one
of clains 2 1 to 25.27. A sanple processing apparatus
adapted for use in the apparatus of any one of clains
2 1 to 25.



