COMPACT OPTI CAL DETECTI ON SYSTEM CROSS- REFERENCE TO RELATED

APPLI CATI ON [ 00011 This application clainms the benefit of, and
priority from U S. provisional patent application No. 60/839, 678,
filed on August 24, 2006, the contents of which are incorporated
herein by reference. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates generally to optical detection systens, and
particularly to conpact optical detection systens for detection of a

fl uorescent signal BACKGROUND OF Lab-on-a-chip
systens have beeﬂ@Mﬂ@I@PEﬁ%Mﬁ%ﬁﬁg uch as drug
di scovery, pathogen detection, and others. These systens process
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bi ol ogi cal ,weapons P g ns or viruses has resulted in the

devel opn%ﬁincﬁ’fpoﬁ?te B5¢8F®nor t abl e t hermocycl ers useful for

pol yner ase chal n reaction (PCR) detection of nucleic acids,

i ncl udi ng P THEGRVEINTDION al so referred to as quantitative
PCR [ 0005 D| fferent detection techni ques have been enpl oyed in

these pOL 0008} © THELRSdN: AR eBIslrElats ghitedllydd Dg:ldahd;eseohbm\aystems and
el ectroche

m cal and optical detection ti.cal det
net hods, PWMb’st@@*ﬁlE%qtPBW%ﬂEt‘éct‘PPﬁW%%sgfgﬁ?‘gg‘i%ﬁﬁg a figpgscet e%ltam)r e
frequently, due to robust ness, high signal to noise ratio and

sensitiv w BEINVHNSPEOBRDl e for applications, such
as real - , caplllary electrophoresis and other anal yti cal

met hods. dﬂ%@m PLihSah: Q@g&ma@;@g@eﬁ a@e@b@ﬁrlv@ﬂo@fapbhaaabm sueht
signal s yp|

y con5| he | owi ng onents: .a Ilga?
sour ce fmdregrd:sttqvng’, patgmeneﬂeteaﬁ%ﬁ@da‘ﬁh@s \@W n%’f“ﬁ progessBilegicgli o
filter to el] Sidios Rkt BEBETchQF a tdiget
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subseq uegé poerla%ﬁa, al ?owmg for sample testing in the field.

[0004]  Particularly, the necessity for portable devices capable of field use to
detect biological weapons, pathogens or viruses has resulted in the development of a
new class of portable thermocyclers useful for polymerase chain reaction (PCR)

detection of nucleic acids, including real-time PCR methods, also referred to as

guantitative PCR.

[0005] Different detection techniques have been employed in these portable
detection systems, including mass flow, electrochemical and optical detection
methods. Optical detection methods, such as detection of a fluorescent signal, are
used more frequently, due to robustness, high signal to noise ratio and sensitivity.
Such methods are indispensable for applications, such as real-time PCR, capillary

electrophoresis and other analytical methods.

[0006]  Optical systems for the detection of fluorescent signals typically consist of

the following components: a light source for emitting light at a suitable wavelength,



[ 0007] Conmonly used |ight sources in optical detection systens used
in laboratory devices are nercury |lanps, netal halide |anps, |asers
and, nore recently, light emtting diodes (LEDs). Mercury |anps have
hi gh out put power and broad em ssion spectra. Lasers also exhibit

hi gh out put wer .and da not require an emission fjlter, as they are
monochr onB TR POF08 LRBLTAS WHRBHdiER! G SO BrEE oL BRSARAT be
subst ant i tht byvitefi@apdentiftin wakle8hadn dEsdidiifter SPHHERSs exBatiR] | . LEDs
are superior_to Iaserd; due to their long lifetine. LEDs are al so
conveni enf2"elogsh. andgrdeisstor Fifb splpseqyrat ela@fonidsat t he LEDs' | i ght

out put can be nodul ated. As LEDs are only few min dianeter as well
as in |erngot7] tO@HmEAR bRl light Bthdk BflodtRhIARRLARRIYSLERNE Such as

t hose used for real -ti ge PCF%]i [ 0009] IsH(_)Weveer, [gésyst he entire

un- di r ect@Wrapydeusescre BmoEHslampn matd delidedamps lasers andytharereveniiyved by
the rel atjuelNinsixadidded [ ] [ i hese

devi ces, ggptilcag%deteeg%m;?%qvﬁméﬁc h%lglﬁg%%Fﬁﬂ%gﬁgﬁgg&g%apga&aged. Most
popul ar dersenspertaskateisalsofekiibit bighenyat pprdiread ddadteeqdigransyst ens ar e
photo rmul fin] I s_(PMr val anche phot odi odes, photon counting
nodul es fé‘ki%iﬁgfrke{jgggﬁyérﬁ%@ %nggﬁpl ed (CCDs) devices. These
detectors can be conplex, bulky or costly and usually require speci al
oper at i n{PWdi Tifssire fopulae kgtpbercesH eiegtdanhe substmatigilyedheabatieness or

cool i ng. .Thu there i eed for. an.inproved opti cal :
ot ect Loy iEMBurck P TR HE, EhReE wiofiorh ListR TR 4RI (i ¢ i
desi gn afifttine. d@Mpaed alfodonuatert Nightsdtreed) ahelionhs fabthet tHEVEDESlighBUMVARY
OF THE INVE@TI C%I {_ﬂ% Eﬂéﬂ ng&%i)gsent invention relates to a detection
syst em f SPPHSTREE 8 edy CERE fegrmm indigmetsr asgel af inlensth,

f1 uor opheieg caok iatcpRtbd o oR@sIR kitenist@ch A théRABEERL 1 HRRPCR W thin

the detection system bei ng designed so that the detection system can
i a.spall footprint, for

be manuf ﬁfbtoﬁfedﬁgth sui fabl e di gensi ops, i.e. a.

i ncl usi o Y hafqVREFRSHRS FREke un-girpaiesh Bioresgency smissiondends pet tabe

I ncl udes fully iedived be thelre1ghivelp GHAIC Gotedidtt yRXANP iR oMorakden b lieviQur Ce,
an excitatjon filter, a beamsplitter, an em ssion filter, one or

more  f oRRISEh detpoiosiaEla high gaig tprdfabe grapised- dlost popular detectors used in
fluorescence optical detection systems are photo multiplier tubes (PMT), avalanche

photodiodes, photon counting modules (PCM) or based on charge-coupled (CCDs)
devices. These detectors can be complex, bulky or costly and usually require special

operating conditions, for example, operation in complete darkness or cooling,

[0010]  Thus, there is a need for an improved optical detection system for
detecting fluorescent signal that is simple in design and is compact for use in hand-

held portable devices.

SUMMARY OF THE INVENTION

[0011]  The present invention relates to a detection system for detecting a
fluorescent signal, for example from a fluorophore contained in a sample, the
atrangement of parts within the detection system being designed so that the detection
system can be manufactured with suitable dimensions, i.e. a small footprint, for

inclusion in hand-held devices.



[ 0013] The detection systemincludes a conventional mrror, and the
conbination of the beamsplitter and conventional mrror are used to
reflect the excitation Iight beamand the em ssion |light beamin
such a manner that the |ight source and detector can be arranged

within th nlen | ocated in a
di fferent ﬁj;?lslgﬂe &bgag%%(ﬁarrpys em%nﬁ ﬁ}ﬂ%%@ﬁttsgﬁﬁg@ i gur ed
wi th t he LEDHight souece mﬂaﬁohemdgmem spletiet, QR dssEdaiS e Rtk @) Inbre

per pendi cul ar t each .oth Conbi nation of the conventional mrror
with a b %ﬁ’f‘qssﬂllg Ifggsrandsad@ﬁ{%%ecéordi chroic mirror to direct the
excitation and em ssion beans, and the resulting arrangenment of |ight

source an@0da}l ectThs detécEidn bjis&:ni AcRdePNRAC EntRhRIBRRRTRAY 12fcoldBfhation
conponent s ]gf the _detection system making the detection system
easi |y m %% breprsplitiersad sonvientitme!l miror arqipsed & shest tharrxaitetivnllight

| ab- on- chjeBmday Heasnisd O ight bR, sub]{‘a ARG ATRE e Iiglﬂ oﬁrc% Scln(ﬁ) El&&tg ed a

detection systemfor detecting a | uorescent si
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t he exci tsaum@ml&ﬂlbﬁaactonamngeﬁ Embnﬂlglaﬂlh@e@mﬁﬂmlﬂﬁrlt@ladhm@i& fromthe

| ight so I|t er Slt ned al o flrs l.ine, the

beam spl :t; ?r% ma%o? H']t‘c“; lbveflﬁ%nab gﬁfafttﬁ’ﬁ} T S ﬁf?#@gf%ﬂg/mirﬁg

excit at i emdiedt tlﬁarexa:kemlngaﬂdﬁﬁ@ﬁﬂ:ﬂbéﬂr&%ﬂd&ﬁ@f@ul%@bﬁ&%&m&ﬁ%‘fI@WEd on
itter, and passing emtted |i refl ected

one side of the OP {)qlll %
al ong t h& EEL B R TeRYS g poggpact argrRets 98 thecampeienB of thehe
excitati ﬂ&ebﬁ@@stﬁﬁoﬁbﬁlﬂgﬂﬁﬂéﬁb&ﬂ dyﬁt%&reaélﬂr LSO LRPARLG ), T he

sanple along.a third |ine, nonnal to boththe tirst and second |i nes,
wher ei n EESioRip hgpd-held lehewn-chigr devices enitted |ight emitted al ong t he
third line, along the second line toward the beamsplitter;

em ssi onfd0141er Masiit b BPeRHRANS bR&IRAGMRE b\ st ofdet d si de
of the beamsplitter; andga det ecs:iporlthat dgt ec%get 8 eem&?itﬁgg l'i ght

transmi t LBRFeHyItHEab rEiivne: pilishbsonrqedist Bpnaraiesarsittion lighplsing & her e
i's providageién 51&5&1&15%@0 ME%%ER)@I}&%%EE&D@%E% E&&’té%xl? xm si gnal,,
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conprising: a Fﬂg) ht source I on t havi ng a
wavel engP‘PFltSQPPTl ngafire Gnesleng @pﬁhbf thereaghoie light, te smr{}ahm filter
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the first line, 'the beam splitter reflecting the excitation light transmitted by the
excitation filter along a second line toward a mirror positioned on one side of the
beam splitter, and passing emitted light reflected along the second line; the mirror,
positioned to reflect the excitation light from the beam splitter to the fluorophore in
the sample along a third line, normal to both the first and second lines, wherein the
myirror further reflects emitted light emitted along the third line, along the second line
toward the beam splitter; an emission filter positioned along the second line, on a

second side of the beam splitter; and a detector that detects the emitted light

transmitied by the emission filter,

[06015] In another aspect, there is provided a detection system for detecting a
fluorescent signal, comprising: a light source that generates excitation light having a
wavelength sufficient to excite a fluorophore in a sample; an excitation filter

positioned along a first line along a path of the excitation light, the excitation filter
3



transmtting the excitation light fromthe |ight source toward a
mrror; an emssion filter positioned along a second line; the
mrror, positioned to reflect the excitation 1light to the

fl uorophore in the sanple along a third line, normal to both the
first an ond. |l i nes erein the mrror further reflects
enitted E"lﬁléshntu%glﬁq‘ﬁ? %’dlt?ﬂadﬁ{fhfﬁh theghy S?W?Féowﬂdmmh@ﬂmm line
toward t Iﬁﬁeﬁpﬁsﬁﬁmaﬂalﬁm 4 ScondIRHe; &e@ﬁ%ﬁ&a@hh&ﬂ?ﬁﬁ% f@tﬁ&q%es xct oS tted

| i ght tr mtte byt e emission filtér. [00161 T 10N system

can read Béhe Her e eﬁﬁﬁ@e@#@ﬁadhledbmmmaltmmmlﬁmwndy ng a
mul ti col ﬂié@e&dnﬂ%e@%@féﬁm thtfsﬁﬁrr hex eff’ec{seeﬂ{ f&l{cﬂ &) grwﬁpgg@@ LED

and by replacing a sinple slng pass
triple bHddmssalodd the eqconiﬁmﬁhowarddhﬁ ¢rgiasian fiber; ald mwecfdalthddﬁéteﬁﬁl ng

t hree dlﬂ‘g%ﬁﬁt@%i‘ fl.uorescent dyes si mul t aneously. In
this case, eac sg}hng%ngﬁ%od% r en%’fl’ﬁ% Iilﬁﬁ Yidually nodul ated and
denodul ated by application of different frequencies using only one
phot odi d#818% " ddtedetention systarncaugidityte supmded thasehatink b The

addi ti ongl d for positiyve, ative or internal
control rs@l anﬁ@v\gpi%g n}@w&ﬁr Eé‘ﬁﬁ"‘“ﬁ%ﬁ%&%@ﬁlﬂéfﬁﬂ{hﬁ%’fﬁieﬂém?bmn The
present I@@Bmﬂlbgneiﬂmmmbe sb@euﬁe dsBﬁHéthﬂpé Sori £BR DGERs
mnlatur esirable, ing eV|ces f or useln real -time
PCR or er g %&%“E %‘ﬁs %OR‘? 1*'e"F‘ eéﬁfetqnﬁﬂumnhoewmracu d
Zﬁgfﬁ???ﬁme@tamls;lﬁﬂrllgag%%lﬁyneh{roI I ngac}{e%l(l:_l%b&an " éal?l %@yRCA)
real -ti I%O%%ﬁﬂdh%@@d‘ﬂéqe hﬁ?ﬁ%’éﬁ%ﬁﬂfldlﬂf%milﬁ@quf(nﬂ%)lsmg aayonm me
enzynmne- |phdﬂ@ﬂﬁ>dbﬁ},&6iét%\§0&f{ﬁ%%l?®§%% ff;ﬁké nesce%rﬁl%lag&é #uorescence

i munoassays (FI As) or’ real S AA RSP R es cent
assays. PP0wr8sd Prpesitivennegative artinternabpaobls, ashedknsifsr iprstivi ded a

thermcy&ﬁﬁaﬁ%\ﬂl&ﬁonﬁ nprising: a detection systemas described
herein; a sanple port Tor receiving a sanple containing a

fl uorop?ore the sanple port positioned to place the sanple in Iline
with anl®ddlt atThswrespajidetertat sysemdndyrtmmsthin mehbledbdeesaytgiem  a

heater pESkL Ie receiyvi ort for heating
the sa ;ﬁggﬁgﬁsegéa%{raggq%%%sd%& écgeg e e’d‘rf’% SE &V

det ecti lepﬁéﬁctf’dﬁﬁfpéﬁ\’uI'@l-blﬁietlh@eﬂuwﬂebqueﬁcéﬁdd@i’ﬁﬁp’lﬁ&hﬁon’s' gnal

process he detect fo rocesslng a
fl uor esg\ﬁeﬁﬁ}gr gﬁagl%gled%l‘ﬁ cred By %{M}b 1‘3@&/ e FRIling ¢ikds
interf a@mplnﬁxduble (R@4), rsapttne afiﬂnjbﬁia@éllbolﬁ'ﬁerdﬁ @qplification (RPA), real-

time enzyme-linked immunosorbent assays (ELISAs), real-time fluorescence

immunoassays (FIAs) or real-time bioluminescent and chemoluminescent assays.

[0018]  Thus, in a further aspect, there is provided a thermocycler device
comprising: a detection system as described herein; a sample port for receiving a
sample containing a fluorophore, the sample port positioned to place the sample in
line with an excitation light reflected from the detection system; a heater positioned
adjacent to the sample receiving port for heating the sample; a temperature sensor
connected to the heater for detecting the temperature of the heater; a fluorescent
signal processor connected to the detection system for processing a fluorescent signal

detected by the detection system; a user interface module for input and output of data;

and a power source for powering the device.



and a power source for powering the device. 4 [0019] O her aspects
and features of the present invention will becone apparent to those
of ordinary skill in the art upon review of the follow ng description
of specific enbodi rrents of the invention in conjunction with the
acconpanyj i gures. DESCRL PTI ON THE DRAW NGS [0020] In
the fi gurﬂggqgfr\h' @FPGF AIPGEE F‘&f@aﬁlﬁﬁowpﬁﬁe’@%‘f‘?ﬁp@l Bl Recomaiare#ent s of
the presegtnds8vemidiman 31&1991%114 athIQMrr@wéw B fgﬂﬁﬁhgﬁés@ﬁ it gPLI cal
detection syste exenpl ary of embodi ment _of The present

i nvent i orfpedioompoduingiis ef tl!teWeah@dhéﬂmmqizoava@lrthmwﬁmamymge&gur@n| c
circuit suitable for use wth a detection systemhaving nultiple LED

2 Singl S%wfﬁ?ﬁ@?ié{ﬁéﬁ“%@%ﬁ%w RS & 2 schemati o di agram

of an el %bﬁ ' Cln%%ﬁgu{ %ﬁa%ctha s%'ateob \%Jr%?ofexa%g n%& %g&:tl o fyzt em

depicted " gure |ag a
t her rmcydhepresﬁf/ma:monpor porati ng the detection systemdepicted in
Figure 1; [0025] Figure 5 is a photograph of the integrated detection

system a | e housj h the ] ocation of .the LED
Y aht soud a2 ¢ metee (B e ics AL Aot B LSy PR af ¢ ne
phot odi odmbdéient of the sregetifiivesion] 0026] Figure 6 is a graph depicting
the fluorescence intensity at 25 C obtained from experi rrents usi ng

the detegti tem.pf Fi uor escent n from
f1 uor esci{“g\é;gj 0@??"&0’5&?81%91&%% g{’ﬁgjﬁf’na%i iﬁfh? e G et Ei‘r‘étil@? ﬁ’j U8r ve
per f or rredagm @mhmﬁ BﬁtbﬂPﬁRh mglﬁﬂdpl@:tLH(Jjﬁ hgﬂneomd;sawhjcnfaidi@cﬁmmr? dnds HA
gene, uc a thernocycl er dev i ncorporating the
detectio e%&ﬁ@ﬁ‘?b‘%ﬁ YRS ﬁ%@@@f ':%Lﬁ% ¢®%i s phot ogr aphs of

enbodi nents of a thernocycler device incorporating the detection
syst em ofl0023jur di‘léure\ﬂihh@bﬁen(aﬁé)@m@@ﬂﬁif)anémdtrmb bBirédaadutighe fpanel )

housi ng; arrow (to nel nts to an oil-covered dropl et
(virtual “P‘E‘a{%ff‘iﬁ éﬁ)&qﬁ‘ﬁga % Bilihe PCR anplification takes
pl ace;

[0024]  Figure 4 is a schematic diagram of a thermocycler device incorporating

the detection system depicted in Figure 1;

[0025]  Figure 5 is a photograph of the integrated detection system assembled in
metal housing showing the location of the LED light source, the focussing lens and

the preamplifier where the photodiode detector is mounted;

[0026]  Figure 6 is a graph depicting the fluorescence intensity at 25 °C obtained
from experiments using the detection system of Figure 1 to detect fluorescent signal

from fluorescein;

[0027]  Figure 7 is a graph depicting a melting curve performed on amplified PCR
product of the avian influenza virus HA gene, produced using a thermocycler device

incorporating the detection system of Figure 1;

[0028]  Figure 8 is photographs of embodiments of a thermocycler device
incorporating the detection system of Figure 1, without (top panel) and with (bottom
panel) housing; the arrow (top panel) points to an oil-covered droplet (virtual reaction

chamber), in which the PCR amplification takes place;
5



5 [0029] Figure 9 shows cross-sectional and perspective diagrans of
an enbodi nent of the optical detection system [0030] Figure 10 is
graphs of data obtained froma real-tine PCR anplification wusing a
m niaturized thernocycl er device incorporating the detection system
of Figure 1 and_a 6-FAM hydrolysis probe; [0031] Figure 11 is a
graph of 28] obFigured shewrhsrassrseetiongl and pRIFPERte digggsiisof et i on using a

m ni aturi her i I rporating the detection system
of Fi gureégg%%%%g%%%%gﬁ%éft&%a%g%ﬂbrot ocol to detect the H5N1
avian influenza virus; [0032] Figure 12 is a schematic di agramof a

conpl et e HP30Em Higuae 1@ ssvetibarefdata oftaineditpinatraglitiraciP €R empbisadiver

device, e \ . 0O E NV, .obw: the top
pancl 1 eprabre rr R R e ol B8 Aot SRR P B S
t he opti cabada 6HFAM pydvclgsisipropeset up and t he bottom panel represents
the control system [0033] Figure 13 is a fluorescence profile and

nelting c angl vsi s, of a real.-, ti - P it Lon using the

m ni at uri llzbrgé?l her T 5%/0 & %I%F‘ic’iféia*&e‘"Bf% e%%cﬁ%Fgﬁﬁé%nd a SYBR

?r een | ; baaﬁlﬂfﬂcaﬂi@ilmfa mﬁﬁ@ﬁiﬁedthgh’ﬂecybﬁli\ﬂeﬁw iacorbarhlingeih éaetfoﬁoFgS ,34} he
enperature profile c e i s shown as et

i onr e Lavseotstannt ol S o Felipargedati: RoasRE fvins

fl uorescentiuersh gh@; of the last 5 s of the extension step at 72 C
segnent as a function of the cycle nunber and normalized against the

background: d [0035] Figure 15 is a aph of a neltjn urve
anal 3si srtgpsgﬂ atisirs bé‘d a% oA W%n%&@?%ﬁsweﬁoém%é‘g{oflﬁ&nf ate
of 1 C s-dra EhAdzEDHRERIREET M HQR3R]ary bRsfeniodRh&s 8Nthk Yrap&@Vi ded

an optical detection systemfor detecting a fluorescent signal, for
exanpl e fiPvRHaLIheoP HpMd Fereswt Hedegmplmanaggmpitethe yHddle ganebet i on

Syst em CaBR&nfsGR0h bal i fHaPbidbdsZ8s schiParddlnb b A SiR N regROMRI Ky . [ 0037]
The detection systemnay include a light source,” for exanple a LED
light 6 control system;

[0033] Figure 13 is a fluorescence profile and melting curve analysis of a real-

time RT-PCR amplification using the miniaturized thermocycler device depicted in

Figure 11 and a SYBR Green I-based protocol to detect the HSN1 avian influenza

virus; the temperatore profile of a single PCR cycle is shown as inset;

[0034] Figure 14 is a graph of a plot of the average amplitude of the fluorescent
signal of the last 5 s of the extension step at 72 °C segment as a function of the cycle

number and normalized against the background; and

[0035]  Figure 15 is a graph of a melting curve analysis of an amplified PCR

product conducted with a heating rate of 1 °C s

DETAILED DESCRIPTION

[0036] There is presently provided an optical detection system for detecting a
fluorescent signal, for example from a fluorophore contained in a sample. The

detection system can be readily miniaturized due to its design geometry.

[0037]  The detection system may include a light source, for example a LED light
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source, one or nore excitation filters, one or nore beamsplitters,
one or nore detection or emssion filters, one or nore focussing

| enses and a |light detector, all arranged in a conpact form [0038]
Particularly, one exanple of the detection systemis designed so that
the detection conponents are _situated within a,si ngle pl ane, with a

sampl e r e®ESH MY B FFrlinalitesssPRs ernere beiR splitishe SNSPN BO®ng f or

st acki ng @ftediibR ofl@hBSib Hliers, QAP BN RBESIOARIUE lens 208 b BPhE feciR MY ©
recei ving port. Thus, the det ecti on system can be designed as a

conpact udTaneebin 4 eEPadifeti n a | ab- on-a-chi p hand-hel d devices, in
whi ch any conponents required for manipul ation or analysis of a

sanpl e heqdss] t h&1isA), Bne HQAPIVMEE BRdLioR SR RGH6E ARV B Del oW

t he plane of the detecti on_co;g)o_ne.nts: Such” design geonetry, in
conbi nat i dsfeciip porepnpaie are sitiajen wishig tsingtepeaneewith a sathploveseivingport

reduction,j . ] . th i t an

accor di ngP&;/a@?(% u%gi%ﬁé&%?@%gﬁ%?% S%F ﬁ§%§§%‘8§%8°§¥0 r?g%l B%elngﬁaib%e t he
det ect i orr$ybteie sqpfd88teiting porti Thveotke detbah veném am efusiphedasi an
Figure 1, the detect.ign.syst 100, ¢ ises a |light .source 112.

Li ght souclpglé)a“ltfﬁﬁg?ﬁ”ll@us ’&fﬁ%ﬂ“&%ﬁﬁ?ﬂ%%%@éﬁ%%& WIHER &% ct i on wi t h
a sanpl e conpbRdnt Bauifed fb:UBERRNATIR, or hedlygeses atp@hedf indhd dayplescent
signal that i,s ultimtel yaget ected w tﬁi n the detection systemas a

resul t off°Geh{iRg Bt #rpAtackst abeye e peiorAhs Blane pighe defedtion RPRCRRB. sanpl e
f1 uor ophasgh déPRARbmbirgR c&aMhRRn I SRR B whic8NonSRHERE afi0ks

generating light of a suitable wavelength for exciting a fluorophore
cont ai neds 1§ductian fpihe arerqegpied by die detestipn system, and gvordiealy tdugeacl ude a

Mer cury il @meRibRA8 by i@ ?ﬁ% Dt ift, a netal halide
bul b, and a Iiegrllt em t%i ng 3?%’3%& ISSI@dI tgﬁtgy%'ecti on systemis to
be included in a hand-held device, a LED may be used as |ight source
112, due [9%3%]he Thugrn onpemfrndiment aafiepiciedian Kigere 1 thesietesiionesysiost  of t he

LED. [0043§ cdiSibes éﬂ@ﬁ%@#%%@gg?&éﬁg%gﬂ ek&iB8bn RIS, 50T

exanpl e, light” sour By uste requency
anpl i t udéntergeffongxitngpiagipld ¢oghrinispufleeroptiotd, fopgenbrtiomdid Siwekcetthus

al | owi ng fqlter.. i r. exampl e Lent |.ight, by
derodul af’i n%l @%E&@@%ﬁﬂ%ﬁ%@?gﬁ%@ ﬁg\b %'tg%ér)?a S?'é\}gp)? s 3F?S§ﬁ?’ ?536?‘%189112
may be nofithkakdtitibylightbsen stithfthd sagnpdd fitchephanpl i t ude. [ 0042] For
exanpl e, LEDs are commercially avail able, and can be chosen to emt

[0040]  Light source 112 may be any light source for generating light of a suitable
wavelength for exciting a fluorophore contained in a sample. Examples of a suitable
light source include a mercury lamp, a laser, a laser diode, a Nernst Stift, a metal
halide bulb, and a light emitting diode (LED). If the detection system is to be included
in a hand-held device, a LED may be used as light source 112, due to the light weight,

small size and inexpensive cost of the LED.

[0041]  Light source 112 may be a modulated light source. For example, light
source 112 may be adjusted in frequency and/or amplitude. For example, light source
112 may be modulated, thus allowing to filter out unwanted light, for example
ambient light, by demodulating the detection signal. Alternatively, light source 112
may be modulated by phase shifting of the amplitude.

[0042]  For example, LEDs are commercially available, and can be chosen to emit
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7 a single colour of light or nmultiple colours of light.

Particularly, a turquoise LED having a peak excitation wavel ength
between 470 and 490 nmis well suited to excite fluorophores such as
SYBR-Green |, Eva Green or 6-carboxy fluorescein (6-FAM, which are
the commonly used fl uporescent, dyes for_real-time PCR applications.

ne exanpPBsigrolonr of ighf apgnultipleiopioursof ighicPartioniay, a yavoissl&D f r om ETG
Corp., Whhfiing £PakSx@ B8R YR &n%ﬁolgﬂg@ﬁﬁ%m%é;vyélgﬁlit\éh% g | 1 9t

range. [0043] tionally, a collimating lens 114 e arranged in
al i gnnent fiygrephorgsgheh asso(BR-&raend, Evn Grean or freatbsxsy Terésosin (6-FAMbeam
passes t : ' ' col.li LNg .l ens suitable
for focug\gﬁlﬁg Qrte(r:][gé éin@%%??%égﬂﬁﬁae%#ﬁggﬁ}% (ﬁlﬁl)%/ﬁbdéﬁ EEE%% . &%}? T8y ]ﬁepl e,
commer ci a¢danpieveiahalshibblediBlei BIHERCB400R] kA6l frooh BEG Guephehick | ens

(Thorlabs, Inc.). may .be used  |0044] Light.source 112 is arranged in
al i gnnentérﬂhkstwe)&&%%?’?%lhofﬁoﬂ%?’ 1?1%5,“ gfﬁﬂlg%fﬁa ®the excitation |ight
beam generated by |ight source 112 passes through excitation filter
116, opti[0048] y aptiemnllhei aofimoingildmiliagabeaabbdeind dltameensidlidht

Excitation fi r 1 may be a filter that allows |ight of the
wavel e ngtsﬁuﬁﬁghiﬁ%ﬁ‘a&‘ge E’%’%‘,’tﬁ?‘?él lfa%)ébeﬂm %F%ﬁﬂ'@}l@ tollimpating lensiddghny he
filter, hallindtiag 18ls@ekblobr RchSMIARELECRATR NYELERH BSuse® rd:i ght .
Excitation filter 116 nmay be a band pass filter, and such filters are

known. ESRmBRasAsIraccially praglable bpnpas|suely aspn@BEDTEON | molipd psriibtielens om

Chroma Teghiehed¥c.) HayBeL@ I on. [0045] Collimating lens 114 and
excitation filter 116 may be conbined, in order to further reduce

t he di me&si o%s of detection system 100 and to inprove the optical
per f or mah@®34r  tHehisspurce A2 isgapnged dnaligoment wHb eetstion fitesd1e.ancibe

directly : i i : L of

1 Ght | e R e Ml e g S U] Bfebbereo 1P LA SR DT o1

t he syst éhier B optimally afiplbeinBreolliviating by colimmhGs Ienetd, Exdiation filBeat . |,
1994, 13: - i i source 112

t hr ough é)%‘?:?lta%t% ?S'%JI ??ﬁcﬁﬂé&ft-g?%ﬁg%k ?ﬁégg %EQF %ﬂg?& q:”%“%gttoaaf‘ %lneg %hich the
exci t at i otophtre thpasstirowshdhefiltdr00d Hat Beaks apliemiaes othiBwirslqpgist | oned

behi nd exgi.l.atdon _fi 6 _along the first ine,..and i.s arranged
20 6 t o Elptb ekl 1 ade 8P b A Beid it Kl tnd RS RS S Bty oo
For example, excitation filter ET470/40x is available from Chroma Technology

Corporation.

[0045]  Collimating lens 114 and excitation filter 116 may be combined, in order
to further reduce the dimensjons of detection system 100 and to improve the optical
performance of the system. Such a combination lens/filter can be directly mounted
against light source 112, reducing the amount of light lost from light source 112, thus
increasing the efficiency of the system. See for example Bruno et al., TRAC — Trend.
Anal. Chem., 1994, 13:190-198.

[0046]  The optical path from light source 112 through excitation filter 116 defines
a first line along which the excitation light beam travels.

[0047]  Beam splitter 118 is positioned behind excitation filter 116 along the first
line, and is arranged so as to reflect the filtered excitation light beam as it emerges

from excitation filter 116, reflecting the beam in a path along a second line
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fromexcitation filter 116, reflecting the beamin a path along a
second line 8 substantially perpendicular to the path along the first
line fromlight source 112 to beamsplitter 118. [0048] Beam
splitter 118 is chosen such that it reflects |ight of the wavel ength
of the excitation |light beam but that |ight of the wavel ength of

t he em sssubstattiafjipelperdivulirdo disipethtabongabsitshlinaifrm liglet spewgenl Ehloi t t er .
Beam spl iget er Fl‘%g 118Y be any suitable beam splitter, and may be, for
exanpl e, Y Gicomirror. Typically, a dichroic mrror wll

reflect light having a wavel ength shorter (or |onger) than a given
wavel engt8048H Beamsplitter 118k thdsaviueh that itoefpsts l{ght oftheowneldngth of

wavel ength than.the_given el.engt | n art.jcular. e e, beam
splitter @i?%@%b%’%&ﬁ 1@%?%3%1%%%/%&(41% 125P ié%%ﬁﬂ?ona
Technol ogy akle kPgis@ihiritth thOAR] spEaea VB glitter TS HaY beld§ shisably eamged
inline with beamsplitter 118, and angled_in, 81 rran_régjgﬂiso. as t.ﬁ
reflect tWEtEXdMAEY Ren NricyMePBetisireic 2sek FYRIGHDE 4 HicPeni¢ fpirror wi

per pendi guhag li%lﬁ netife b RE BIRAN Shdrlet @k [RBer) HORT: DRAWALRAGH 8nd hi rd
line, the third line” thus being normal to the ane defined by the
first |irieansmi ligkidomiagailerger (o ehastedi wayeicagth t gibemyvRveiengtiy i a
reflecte i : : Ll ort
130, “whi o2 EREegRE A B £l e i T A SR B
be det ect@udoméb Fechnelogyflogroaativhuor ophore contai ned in a sanple.- [ 0050]
Thus, as described and as shown in Figure 1, light source 112, beam
splitter bdfarandeGRUYEIT AR 13 I :Hnddnild witl GoalOBREA 11¥, syt hi 0 the
sanme plare. The ~conponents are allgn S0 that excrtation I ght
beam oncaglgéiesr atwckr by ad togbflectthe exmtatidn Rght beam &l spath sdbstantidilys pl ane

until reflected.b onventional .mf.r 120, in.a gdirecti.on ..
subst ant ipamw‘%ﬁ%‘?@ lgﬁlﬁ?iurt ef(%J[ag%ﬁghg‘bB D AEns fl(%gj% GA%%gEI@shsnleng | ens
122 i s arihangsg dofinilac te fldhe defadtbgtihofirst ightndeam éine. Thefek@tatiend from

conventiqpal, mrrqr 120 ag .t travels.to a locatjon which a

f1 uor ophg‘rggﬂfqzi%‘tls ﬁ%‘sf@%ﬁ@a@@%%? o Pifty: &?’ %@@F‘isisalﬁ%,m‘iﬂvﬁﬁ]??r%anpl e
recei vi na3postich 3R optf A0&Aimiaties Wit adotdpofbaritGetoita defatied) for
detection system 100 is included, sanple receiving port 130 may

conpr i se SEMERIERITEOOREISSPHgRE! Hifed™PE- accept a

[0050] Thus, as described and as shown in Figure 1, light source 112, beam
splitter 118 and conventional mirror 120 all lie generally within the same plane. The
components are aligned so that excitation light beam, once generated by light source
112, travels within this plane until reflected by conventional mirror 120, in a direction

substantially perpendicular to such a plane.

[0051] A focussing lens 122 is arranged to focus the excitation light beam as
reflected from conventional mirror 120 as it travels to a location at which a
fluorophore that s to be detected is to be positioned, within sample receiving pott
130.

[0052] Depending on the device in which detection system 100 is included,
sample receiving port 130 may comprise a sample chamber designed to accept a
sample such as a liquid, or to accept a tube, glass slide or other transparent container

or surface holding a sample, the sample potentially including a fluorophore that is to
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sanple such as a liquid, or to accept a tube, glass slide or other
transparent container or surface holding a sanple, the sanple
potentially including a fluorophore that is to 9 be detected. Thus,
detection system 100 maybe used by inmmersing at |east sanple

receiving port 130 in a sanple, or detection system 100 nay be used
by pl aci n¥f eeteckdnpies, detegtion sHttem 489 mgy bg ypdlsammsr ey leassamplee i nt o

sanpl e reGediVihRBoP el in k3 [ Edm]l t 130 is
| ocat ed abO\}e %?o i?oi\l/lv t%é‘plé’r glﬁ%%t l?l negIS %’ Eﬁﬁ@%ﬁ,g@ gé 112,
beam spl i samgie or koriadeavidane hotblg asanpde m‘kﬂ@mple[l@%ﬂilg Yt 034, he
excitation Iight beaminteracts wth a fluorophore that is to be

Donert ooJob88) T MRS the NP IR 1A LA PRRREELEA | 07 11O

beam an avin eren vvave engt T éxci t at i on
| i ght beah?ﬁnﬁdshbathb jightavimgl 12, bbammgﬁlttemmmdrﬁmgﬁ%ma'mmﬁmd l'i ght,
referred to as the em ssion |ight beam travel s back to conventi onal

mrror fro nal,mrror 120 at an
angl e su@a? e&&grg?ﬁcrétﬁt Jlngfé@ mﬁ%& fﬂ% PPRYE ﬂ?al?ﬁf’otf’ﬁﬁhore to
convent i aleizkted, rfhaf fhoro A0 wibbecbkommgbemm $}psl dxbit&fonllgﬁt beBin &Rl ddgam
splitter .1 is chpsen . to tra ht havi ng a wavel ength of the
eﬁ‘l SSi onlﬂgﬁgﬁt er?’ﬁé”aé'ﬁllegéﬁg%‘?rq? Hifiogd {b‘?gkégl\gﬁi’ﬁ?‘ﬂ’ﬂéﬁ beam
splitter 1dk8s wﬁx&ldﬁg‘ih Thesmigel thtrx%fdn%ﬁ sk 108 6lkiskiONB ERthehh SveROUr CE

112. [005%]. An em,ssion filter 124 is positioned on a second side of
beam spl PPEEP corgntionshmiegrilg0 and s then aflected fromy copvantippal mimoul 204t any

filter thatngl k%‘é«fﬁnﬂld}?%xﬂaﬁ&?bﬂgr th 16, palfPNE ORI Ainol Y8 BicRbRD | ONt

beamto pass throu filter, but” that attenu
subst ant inatrwyii’&hbﬁ@ i bramespliften e Pigetizeant snhi:tgtmls iFeHosei torfrafifmit er 124

may, for;, Emmn w8 I em ssion
filter 25/ 50m | S ag@?@ﬁ@egﬁmﬁ 11&%%@ {mg?h ALt on.

[ 0056] Aﬂm@tg@da@@m split@r 188, apthegribah tvety mlleater bask mwamsl light sm 112
positioned to capture the em ssion |ight beamfiltered by em ssion

filter 1pfhsspet %téﬂﬁssa&l%I@%prﬁ xpfa‘,E‘i\,&oneg‘]tf‘r_{neacstei?éndtJ?d%toff%@z!]n e@h& {usa

fluorescent Signal havin ecte requenc hot o
mul ti pl i epposifyair(cPiAy. E@Smﬁm lééwmyrﬁj;terrﬁldmlbw(slﬁ@@havmg tknehot od| ode,

an aval apg 0 har ge- coupl e devi ce
Parti cul ar'fb;,nréﬁl de QSI 11@1 t%em%% a% ?u(?giﬂée@rﬁ%%ﬁﬁg?%e&‘éﬁesaqre
CONMMET Ci aibbiynmﬂabﬂcmhd: ethen WmAeiedgﬁhg of Bg}it.l KoBsiphfittedi?ze denyPRYBlangnai | abl e

from S egréae{l ganldrf)%ss filter. For example, emission filter ET525/50m is available from

Chroma Technology Corporation.

[0056] A detector 126 is aligned behind emission filter 124, positioned to capture
the emission light beam filtered by emission filter 124. Detector 126 may be any
detector that can detect a fluorescent signal having the expected frequency, for
example photo multiplier tube (PMT), a photon counting module (PCM), a
photodiode, an avalanche photodiode or a charge-coupled (CCD) device, Particularly,
the detector may be a photodiode. Photodiodes are commercially available, including

silicon photodiode BPW21 available from Siemens Inc.

[0057] Inorder to adequately detect an emitted fluorescent signal, a detector
having high gain may be employed. Alternatively, amplifier 128 may be included in
detection system 100, to amplify low amplitude current generated by detector 126,
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[0057] In order to adequately detect an emtted fluorescent signal, a
detector having high gain may be enployed. Alternatively, anplifier
128 may be included in detection system 100, to anplify | ow
anplitude current generated by detector 126, 10 particularly when
detector 126 is a photodiode. Amplifier 128 is thus in conmunication

with det edfidiculegdp whpndsetor Agp s § photodigis. Amplifipoh28dschmpine, be a
| ock-in a@@&ﬁnﬁkﬁﬁﬁon -iﬂ{:&kte(frfq.}qgt.at es/ denodul ates the signal from
126.

det ect or niaturise ock-in anplifiers are known, and have

been described for exanple in Hauser et al., Meas. Sci. Technol.,
1995, 6: MBl10881lifpobty mpy ferrrxampley be dbbskin eplifsmboidirent , t he

path of t [ j i.aht. om_li . SOUF 2 1o beam
splitter %&%ﬁ%ﬁg@ eat#éltg{'% a??élnl cieliescu rg? g‘%}%ﬁﬁf%&p%%&%P 1(1:1%1; Bar to
t he pat h #redmoiyesanddpid Heee destiiBadt for exampdain Hauadr emalr, (s, 1520 Tabiong, t he

second |1 Ho e it will be appreciated that this angle may be
an acute g§95 Stﬁ%im{ogﬁgl e, provided that there is sufficient space

for positioning of the Iight source and the detector about the beam
splitter, [03@] pr Gwihdeboveligtcribbe etibadimes:, the @hth of dchscition Ught bemther f er e

wi th each_ot he It will further be _appreciated that adjustnent of
the angl eftoxgg{g%%wc[eﬁ'éﬁ fq pegp ﬁpﬁﬁ‘:é' ]&ﬁd'ﬂlg'ﬁéh%%ém”i‘? étaﬁ?éﬂlﬁp' require
adj ust menperpéndadular @f tht Pah HRECRBEAIPYLGTB R SiveniRhadeiRe b PN oSy Eeem
100 so that the excitation |ight beam and the em ssion |ight beam

are di r ect8erd e Hewayspribpill ke wpessistoibrlis anslenmax be paruteiobbise
[0060] Copued bf‘d%de}z{ that ﬁl%re}cils HAH GRS O ﬁﬁitf&lﬂ}r:]n%%tf% Heht ! e?ﬁgﬁieieg ht

convenientl’y "lies in a plane that”does not fersect” w

beam f r ordaiestasehent i hepmesplittergand|pmovides thatwhy varigus ight petherdyndte pl aced
in sanpl | Wi . [ . tical
path of 1 Ry don st by (e A8 B S I SalP

t he over ddiwetindbe Bifst et and theorecayld trewill 081uire adjesteient afimtllolf theby novi ng

t he sanpl Vi ort, 130 to a u spa or bel ow
the romai erges SbRERRY stea debndo S Bellhe HB3ERH RS SR b et
i s al so dbeweissienlightrbetrhate direoiel ¢ e mbprdplate b@ypdnents acadsegbadear or
adj acent to any device conponents required to mani pulate a sanple
without ifP¥¥fering with detection system 100, when detection system
100 is

[0060] Conveniently, the fluorophore to be detected in the sample conveniently

lies in a plane that does not intersect with the light beam from/to beam splitter 118. In
this way, a sample may be placed in sample receiving port 130 in a plane above or
below the optical path of incident and reflected beams. This design geometry allows
the overall size of detection system 100 to remain small, by moving the sample
receiving port 130 to a volume of space above or below the remaining components in
detection system 100. This arrangement is also convenient in that sample port 130
may be located near or adjacent to any device components required to manipulate a
sample without interfering with detection system 100, when detection system 100 is

included in a device such as lab-on-a-chip hand-held devices.

[0061]  Aswell, as mentioned above, the detection system may be expanded to
include more than one optical channel, which may be useful for detection of multiple
fluorophores within a single sample, or for monitoring of internal controls within a

sample.
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included in a device such as | ab-on-a-chip hand-held devices. [00611
As well, as nmentioned above, the detection system nmaybe expanded to

i ncl ude nore than one optical channel, which may be useful for
detection of nultiple fl uorophores within a single sanple, or for
nonitorin internal controls within a sanple. 11 [006 For

exanpl e, F?El ti &8 SEmpis gmultscam&@aeﬁceaewa af @mdﬂqlurégrg fe(ngR)RGB)
LED coul u he single
band pasglﬂg)?g?l ta g’? ?E%é%ﬁ%é ﬁe%lﬂgosu? %nﬁ?ﬁﬁﬁper s&\%i @Ek&%ﬁmm %aér?dpass
filters. wicitetiananipatissionrtiiers wzﬁatnultlphé}ascﬂmga éltagEaltmutmelnemrsemp t he
single L g nge col qur, or
each hav:%r% SQ{ d‘%ﬁ%r%lé]hfi IB? \r%eerau%l%g%ggg‘n e eét'fl&“a a¥+ng t?%%%]ﬁoﬁ’e&?%j&t aI | c
or |nterhamgnn@dmenmmenﬁdmhhgadﬁﬁmﬁmﬁbqw&wﬁhagﬂeﬂaﬂmmy be suppressed
by individually nndulating/denndulating each optical channel, for

exanpl e | yin fferent | a es. . Thu each
ant <odf288E,  Clheer Sl iord Sty s PR el i

f r equencysupmriesshd by mdmmme mmaaﬁgaemo@&@ﬁébampﬁoa I&Ea:ﬁ@lofc@dl ode
woul d be needed as detegtor, Qﬁ i fferent mevelelgth of

£ 1 uor esc &R RN PRI iaent madyiatom frpqrentian | Hhuseagh R sBeRPat ed by
appl yi ng dtitdlenamtl hELEBOGIRS] MG BSR ﬁ%'qﬂ&ﬂc? PO OGN 8n o du@R5]
Figure 2 depicts an electronic circuit for a trlple opti cal channel

system ptical chanpel nDd | ated at a uni que frequency, and
havi ng a [ﬁ@%ﬁr at nly@g% Pd&?‘%ﬁwcf‘% bengeReb i fetestorcdpmdifferenioos6)

Figure 3 Wa&el@n?ch aPfibleREnt %f@@ﬁ%meeﬂuﬁ&wr}{ efoafited RE H &Rt &I gy ul t
for optical ugrescent excitation and detection using detection
syst em 1@0plymgaliffergnteqaengics asing o sippleghetodiodet i ng di ode LED 1) is
powered by current pul ses generated by a pulse voltage generator,

whi ch i s [egaBler tRgutdY @p fdetra{nearécuemcfcfi&nifoaa% ngncg chalf} sys&,t t ed
| i ght signal detected by detector 126 (photo S converted

into a v#thopgeal Bywﬂﬁeméﬁéﬂﬁﬂﬁéﬁﬁ%ﬂ@ﬁﬁﬂpﬁﬁekmxywwmgﬂ§QEUﬁ©ut vol t age
is anpli fdlexﬁgdlﬁé‘to}ﬂ?eacﬂ% Ex@&l'c%?:!el anplifier OA2 and filtered by a
denodul at or AD630, I's followed by a |low pass filter. [0067]

Al t hough the above descrl bed enbodi nent, includes a beamsplitter, if
t he 0066]  Figure 3 is a simplified schematic diagram of an electronic circuit for

optical fluorescent excitation and detection using detection system 100. The light
source 112 (light emitting diode LED1) is powered by current pulses generated by a
pulse voltage generator, which is converted into current by the transistor Q1. The
emitted light signal detected by detector 126 (photodiode D1) is converted into a
voltage by the operational amplifier OA1. Its output voltage is amplified by the
operational amplifier OA2 and filtered by a demodulator AD630, which is followed
by a low pass filter,

[0067]  Although the above described embodiment includes a beam splitter, if the
excitation light beam and the emission light beam are sufficiently different so as not
to optically interfere with each other, the beam splitter may be omitted from the

detection system.

[0068]  In such an embodiment, the excitation light beam travels along a path
along a first line through the excitation filter to the mirror, and is reflected from the

mirror through the focussing lens to the sample port along a path normal to the first
12



excitation light beamand the em ssion |ight beamare sufficiently
different so as not to optically interfere wwth each other, the beam
splitter may be omtted fromthe detection system [0068] In such an
enbodi ment, the excitation light beamtravels along a path along a
first line through the excitation filter to the mrror, and is

refl ect etind. r'ﬁmmlomhgatmnpmw@mmmesm@n@i Pagklte fhe npigror Whers #npl e

port al ongg&cfgw normalﬁf)qwar F]:a%{sgtn{iitgr Jﬁe%me-ﬁgécvvﬁ]‘ﬁﬁéh% l'i ght

beam pasks mrror ere
reflect e@loi\%a kdaendie] glko hawal féﬁthé ﬁﬂh @oinsthé mirrdritd thersaaple port) w]rme,h

det ect hli | to t th
From t helith #4162 (181 ke 1SRRG R bot e B RBLIS SRS i ne.
For exanpleie Eﬁb‘é‘taﬂ@éﬂ}?ﬂicﬁﬂg(ﬂi@saiﬂbqlﬁel é15hayl He@padted be sSet angde, kiithe MRy

lie substantially along the same |ine, or nmaybe separated by a small
angl e, wiheletegthrlopriedsheside thedight sprdsesi de the | i ght source. [0069]
Det ection system 100, due to the design geonetry, is readily

m ni at ur L D?!eﬁ% Styg{@mcmﬁpmth% dEB¥n beorddtryaRGediyn a very

conpact exanpl e where detection system 100 i nvol ves the
conbi nednm@umﬁabh nmﬁ@mmnmemtsmbeaﬂm@éém YBRHEPIPIE BRSO 1 ect

t he vari qQus vEPR s and
det ect or & %l‘ﬁﬁ'ﬁe 9&?{1’@11%?55%{3 thSI con%gﬁ%%ltges&%%g k%ggﬁ:gﬁpﬂﬁ%%ﬁﬁ ght

source amcbmrexpﬂmhloﬂnmd&) diei:éthbwanmiséngh@ehmﬂ@m@h thedweenrigie foters he

d det
et O ol RSSO b BRSBTS kB LD
di mensi ogurdfandbelidtod0dedstectaGlsorallswd for neducf@OiGhe &maawa;mpﬁct and

| i ght wei ght_ def ection stemi,s suitable f incl usi
| ab- on- alPERPECeaFYEER, ﬁ%/ WPIarey eﬁﬂ%"? ﬁ*ﬁﬁ&t ﬁtéqndgygts |°3%}§e Thus, as

stat ed aﬂ%&aoﬁn&@%t&?&ﬁﬁ@nsﬁﬁé@mbbmmtmm ssui inabl e for use in
detecting fl uorescent si gnal generat ed in a vari ety of anal yt| cal

t echni ques clLu r eal e ucl ei c
aci d seq[ﬂ’@m ﬁ‘é‘g]di ainéé‘gﬁ M@%%on ST lstsuﬁ%blﬁz% Iuéc}rl1 *geénone
anplifi Cﬁtmmn-ﬁ\eﬁﬁ)d,evk@saimmdﬁ% godteble Hi@nd?»hd’l@ beviaspltivs) z(satalte(drab()ﬂCA)
real -time reconbi nase poI ynerase _anpl | f

tIOIll’l‘I éRPArg elal-tlma
enzyme- | thaReeral deivaine SR Hsugeda s veen F&E‘?ﬂg BORFsCt {8 uor escence
| Munoas §avusdifih A& of daBkichl tBEinRued, Wl ¥aHGedtindCR beRUIRCR, nescent
assays.
Y real-time nucleic acid sequence based amplification (NASBA), real-time whole

genome amplification (WGA), real-time rolling circle amplification (RCA), real-time

recombinase polymerase amplification (RPA), real-time enzyme-linked

immunosorbent assays (ELISAs), real-time fluorescence immunoassays (FIAs) or

real-time bioluminescent and chemoluminescent assays.

[0071] Real-time PCR techniques have been developed based on fluorescence
detection of a fluorophore covalently bound fo or interacting with a PCR product.
Compared to conventional PCR, such methods provide additional information
regarding the number of initial copies of a target gene in the test sample. Due to
recent infection disease outbreaks, such as SARS and the current threat of Avian
Influenza virus (HI5N1), a truly pottable real-time PCR and/or RT-PCR-based device
is in high demand.

[0072] Thermocycler devices (PCR devices) have been successfully miniaturized
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[0071] Real -tune PCR techni ques have been devel oped based on
fluorescence detection of a fluorophore covalently bound to or
interacting with a PCR product. Conpared to conventional PCR, such
nmet hods provi de additional information regarding the nunber of

initial copies.of a target ne in.the test, s |l e. Due to recent
i nfection” &?%%lgé%mﬁwggeﬁ@%?%@eﬁl "’iﬂn@;ﬁ% Qﬁﬂgﬁ%ﬂ’éﬁrﬁ’é‘?ﬁ copt§ofat of
Avi an | nPCRenzgtical medodsbdNvell astto tnfidkle P CROfaBls §ofi @, A ﬁ)%bﬁ%&@nd/ or

RT- PCR- ba%g{d device is In hi gh dermand. [0072] "Therinocycl er devices
(PCR devi T¥LF A FEst saeHedid o8& snd jheppdancmainisduve hangeddady the

m Cr 0- MacdidmhAnehvReh %l ; bEh.NG e d I ing
costs of IgghR anal yt @ﬁﬁﬁ Fih%(ﬁ%%&ggﬂ%@l ngagéﬁ?'(r?qﬁad%\egﬂﬁ%:g%%ﬁ% Vi s
por t abl e.grmsdHiggset BCRiosgey Bivelentmen.f 20081 1§:dpbF-t1é2B)i n 1994, and

further advancenents have been nmade by the original inventors

(Northru | . ¢ : -922 wel | as her
groups (EPSE?ES Pg?églﬁ%l?ss’& gﬁlsr}agtlﬁg%?g%tfr&é%s‘?m %%%%R%_sysieﬂ}g_s%z?,) :
[0073] Ne@eaddved merourydanyy g aclager faaixeititive aRCRphétomukiphiencie @Bk on

system i LK . based on a rcur r.alaser for excitation
and a phc%it(%s;érr%ldfll3 ‘l’ﬂ%‘%i%ear(fé eﬁg)& T Pq bjezﬂ%vmﬂ I SR Yt oW eior

meki ng penthadevicePERI theha relatvelatdielly 200 MPplepgh PSver@bhands SadReq@yi ces
tend to be relatjvel costl%ga d have high power denmands, and require
that the e’?ﬁ&&eﬁ)‘* PRpRAGgHD f%@F“F infagalspnde s gl de arder favpidght i n
order t oidtsrehceiolb@bLRIIBACRIRE darbie@ Aholeb @Rl sigMat. N @ detected
fluorescent signal. [0074] Thus, there is also presently provided a

m ni at ur | t hernocycl er _ devi ce suitable for performng real-tine
poR 1 el Do R B 5 i PrcRM NG i hF iR rRerTReTich

devi ce muyiisbie 5 AbhRg ralniIPCRTRIRINORAIEAL &T-F. BE BinRede! d

t hernocygl er device. [0075] As seen in Figure 4, in one enbodi nent,
the t her HGE)RIvEler gﬁ‘é‘&‘ieé%a}’moﬁé@ﬁiﬂﬂﬁ%@%@@@%@tsm@mam—wé
descri begheah@¥gler 1QXE6] Thernocycl er device 200 al so includes a
sanple receiving port 230 for receiving a sanple or a mxture in

whi ch PC@ g% to be conducted. Sanple receiving port 230 is
di mensi ob9d% o Ascrinve Figuse ds inwne embpdinenie hedhermaryclas deviee 810 on whi ch

a PCR agmhpr{sesadtéc@bn E}%’f)e&rplfhl?aé:@é%%@d%gové.: or exanple, sanple
y be

receiving port 230 nma
[0076]  Thermocycler device 200 also includes a sample receiving port 230 for
recefving a sample or a mixture in which PCR is to be conducted. Sample receiving
port 230 is dimensioned to receive a suitable container or surface in or on which a
PCR amplification is to be conducted. For example, sample recetving port 230 may be

of suitable size and shape to receive a thin-walled tube, or 2 glass slide.

[0077]  Sample receiving port 230 is arranged to receive the sample in a position
so that the excitation light beam reflected from the conventional mirror is transmitted
to the sample in sample receiving port 230, and the emission light beam emitted from
a fluorophore contained in the sample is transmitted back to the conventional mirror

contained within detection system 100,

[0078] Thermocycler device 200 further includes a heater 232 for heating the
sample to the various required temperatures in the course of conducting a real-time
PCR cycle. Heater 232 is adjacent to the sample receiving port 230, to allow for
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of suitable size and shape to receive a thin-walled tube, or a glass
slide. [0077] Sanple receiving port 230 is arranged to receive the
sanple in a position so that the excitation |light beamreflected
fromthe conventional mrror is transmtted to the sanple in sanple
recei ving, part 0, and the em ssion light beamemtted from a

f1 uor op h%ﬁf‘éﬂ%?ftﬁ? srwepls Frofie Waippes teeeiVipgRETEL dtralsn il ey brie
convent i ofakorH 41 R ex4HPM, ARG pYiidshtr A (R HRG LR §¥H 8 DodAQnin(P7 8]
Thennocycl er device 200 further includes a heatér 232 for heating the
sanple to the various required tenperatures in the course of

conduct i N§94%} eafounlpdsto thedsatey 23%1s ajtpmpepturegistactor 33 Wavssswe dhet he
sanpl e 1 egRibyhig: RHchiclE, at 1 Vil QW0 ol PERLL DY, B, L AFerSARP! ©
recei ved blybsa | e reegei viang B’?F% \égSJ.élQiegﬁer 205'9 n% %)Igﬁ?rn the form
of , for eJetasipr @34 ambe.rfor plmplssa wsistncdiempeiafune dedetewr , such as a gol d
thin film [0079] Coupled to the heater 232 is a tenperature

det ect or dgdot O ) 3 arious
st ages of[ tﬁ%]t PC@%@%F §#ﬁede%§%%@r %%ﬁuglu% e{]]g%%r%{ce 3’%11%&#{%%? ¥f or
exanpl e, 236feskstiving thetflunypeseat sigel fetettetion §3680]100Thel ohproowssing| er
device 2 | SO .. N s .a fl escent signal processor 236 for

recei vi nggffﬁ%“ﬂ?@&é’r %’?gg)n Uog %]%we’from detection system 100, and for
processing the signal for output to a user interface. [0081] The

t her nocy d0@81]deVIiiceh@00cyer doyits 20Madnby oftiomthe furihacihcldde mrinieptategr at ed

controller 238, i.ch.control.s e.detecti tem_ 100, .t he heater
232 and °P‘é?é§§ei‘» %ﬁ%rw nc&]ectog%?lgkheéfﬁgfm%?sm ﬁﬁ ﬁ’éi‘gﬁ?fe%giaﬂ?or mat i on

f Lom t he teliﬂ'ipmac‘,ite&@f&t_os pymahd Wﬁic@ﬁcﬁﬁﬁrle% ing&ﬁ;ati&h ﬁ'&iﬁﬂl@é flneeésgent "Isifgnélge

t her mocycl er de i s pot a_ hand-he vi.ce, the vi.ce may be
controll @W%V%ﬁﬁgg&&tﬁ@%ﬁ&ﬁf’ﬁ ?g\ﬁpn?qypleg SR g ot lﬁég‘gﬁﬁéﬁlev‘&% MUt er
not i ncl WeEee By bEColRUELCEy a I8 onfORENRE ¥ediBle, d8Hel68al 20 paAtkS O

i ncl udes a power_source, 240, for providing the necessary power to
vari ous E8HpEHEt 8 hydavite: det ection system 100, heater 232,
tenperature detector 234, fluorescent signal processor 236, and

control | ¢oog438. THHermddyElRNS 12200 al6 Vichler Q Qotsr s@mmanmo,@&lﬂgﬁ@ﬁﬁgce,
power source 240 maybe a battery. &0083] hernocgeg er device 200

al so i nclRdwsesgaryge ey ifarcemhermiisotsedeiestion pstser Wonbeaiwgdd from
and del i y@ijengnd AbRotbP23H, H8GEscehtQ Bl RBBsSor236 A RoREIREIBS. QF

thermocycler device 200 is a hand-held device, power source 240 may be a battery.

[0083] Thermocycler device 200 also includes a user interface module 242 for
receiving input from and delivering data to a user, for example a touch-screen, or
other user interface command input module, for example a keyboard and display

screen.

[0084] Various embodiments of the above described detection system and

thermocycler device are described in the following non-limiting examples.

EXAMPLES

[0085] Examplel

[0086] A miniaturized fluorescence system with dimensions of 30 mm x 30 mm x

11 mm was designed and tested.
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ot her user interface conmand i nput nodul e, for exanple a keyboard and
di splay screen. [0084] Various enbodi nents of the above descri bed
detection system and thennocycler device are described in the
following non-limting exanples. EXAMPLES [0085] Exanple 1 [0086] A
m niaturized fluorescence systemw th dimensions of 30 nmx 30 nm X
11 mm was[088E} gnBik rmokeriiessifdlp, delestipoHBIEN Were dpieapiasd bewewstrinhe

det ecti on,System we et erm ne i . di I i of
the 11 uoritEhEDeyEL e AT HplRaTE 1P S cludll y MIRBE TR, OF
1. 96 nnol V.96 adifIc which ismoe: thivasufBeiédtifed applicdtions Eppkalaats POR. | | ke

real -time PCR [0088] The optical detection systemhas two sections:

excitati d t ect.i .. Jhe exci.tation section included a

t ur quoi sgaggﬂor dﬁﬁﬂpﬁfﬁﬁgﬁte%%m@ﬁs&%o ?eﬁ 5 ‘E%%% Onaaélggleﬁgftb%nt

source. The ek&ftibaseciiopBrlodedt a8qRisewaloe LEDGhHdcd ETGACENY0MS (ET@

| um nous intensity of 6 cd (candela) and a view ng apgle of . 15. Power
| osses vv_é?%l’)aéﬁé ogres Ve I h%?ﬁtﬁe)é%?mﬁ_é’f’ﬁ?"aﬁg@lﬁ%bf’f%gn&’?g Ag angl e
of the |ightnosOMtcasity divesaqbaiatla) mid%ﬁ@xkrh?ﬁﬁél@ of 1. Pbwhtlieosstd\@erbOp Of
the LED plastic covéer was cut by vertical mlling 0.5 mmfromthe

LED chi p.cbsseedqyer happiécsbpitbsiue e viestinginels dithntight serreny Ahergione

abr asi ve :) : I . \\ '- el nd
R el L Al LT L
wer e usedothdom thel BDoabky. T tutrsyrfadeevds E@nl flaffnedamith flominggi oxgdeat t he
sanple. The l|enses have a i_amet er ..of . f ength of 3.1
o and 2oReerearossied md pRRERE 1 Syt RE B T ok From
the first lens was filtered by exciter ET470/40x (Chroma Technol ogy
Inc.), rd@08&R]t edSBYIRERE  tinokiedgiessvsphagic lepses(TRorlatisylec) ewre used for

per pendi cularl,y . .by.a .entional mrror. and,f e t he sanpl e
of i nterg’g{lmggx?ﬁ%lgggleec%%gﬁ eﬁg,g?o%uﬁsénr%%%ef%lrn lehgﬁgl%%?erg%% A shape of
excit at i diadetegbf 6,86 triin,a fdca bty of i1 AB0) amd a njGHA] apbhtereddterof on pat h
started w th | | i of emtted fl escent i I a sanpl e
byt he. s dinge Pamaea 1R LG 1 gt RSSO Bt d VA G RR
mrror, Teemoldgl e ekflbse®By Ssidhrdis hiresr TEHDSLB/Hsmeapekpedittalyed by a

silicon phot odi ode
%y a convent?onal mirror and focussed at the sample of interest by the second lens,

thereby forming a circular shape of excitation light with a diameter of 480 pm.

[0090]  The detection path started with collection of emitted fluorescent light from
a sample by the second Iens. The emitted light passed through the dichroic mirror,
was filtered by emission filter ET525/50m and collected by a silicon photodiode
BPW2I (Siemens, Inc.). ’fhe radiant sensitive area of the diode is 7.34 mm” with a
quantum yield of 0.8, resulting in an optical sensitivity of 10 nA/Ix (nanoamperes per
lux). The corresponding current generated by the photodiode (photocuirent) was

processed by an operational amplifier placed next to the photodiode.

[0091] The components of the system were mechanically connected to each other
to form a stable and compact system, using a conventional housing approach. The
housing for all optical components including the amplifier was designed in
SolidWorlcs 2006 program (Solid Works Corp.). The size of the housing was 30 mm x
. 30mm x 11 mim (w x 1 x h), The housing was then manufactured by a computer
numerical control (CNC) vertical milling method from an aluminum alloy AA 6060
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BPW2I (Sienmens, Inc.). The radiant sensitive area of the diode is
7.34 mm2 with a quantumyield of 0.8, resulting in an optical
sensitivity of 10 nA/l x (nanoanperes per |lux). The correspondi ng
current generated by the photodi ode (photocurrent) was processed by
an operational anplifier placed next to the photodi ode. [0091] The
conponent §nbelegirpshayisalbrhlagkeredie simrise alwanteonisont wdeetwneach ot her
to forma stable and conpact system using a conventional housing
appr oach. heuis) . 1164k .S, d i

anplifier [%}deg%iﬁggl%ﬁﬁh%%%r?%r ks %3 06 pr %g?gléy?%g%%%%{@
Corp.). Thetathousingfshewiag Heletatign whthe 3EDnirght soB, thefxcutingtond mdk 1 X

h). The hgusi s. then.manuf actured by a ¢ er..,. nunerical .
control ( CREFBIRR T PRt ERay ISt Rolned ok e i Pl Atig 060
16 and el ket sreabieritiblalih thehphaioleped t o suppress unwanted internal
reflections. [0092] Figure 5 is a photograph of the integrated
detection e SS ed in.  netal usi ng show ng the. |l aqcat)on of
Che  LED | 1908 <otREHEpH % et s o/ SRt iR et 1 bt biner e
t he phot ogliciiaondat eslssionidiesiounisatowd BeT4bldst 1emg 2and col | imating |ens
are not visible in the photograph. [0093] The optical power
attenuation of all conponents was neasured in both the excitation

and eni ssT#hle thi I €CN@Bure@SptFADWIpdrilesTaitheskchattnGodpodal) F e Measur ed

optical properties fRbrebdtgceatdciioh kpfencoOnponents of the fluorescence
detection system Optical conponent (excitation) Transm ssion (%

Rel ati vef " Power (9% LED (bl ue pQand) 100 Cotiimat{ng fens 9r 91™Bl ue
exci t at i |ofPHticpl mEpgemgexqiaginnbi c rﬁi' rensmisyipngfo) Conv&rlatbiediovierr ror
94 80 Hocussing lens 91 73 Optlical path 69 51 Tptal 51%)

LED (blue band) 100

Collimating lens 91 91

Blue excitation filter 95 86

Dichroic mirror 99 86

Conventional mirror 94 80

Focussing lens 91 73

Optical path 69 51

Total 51

Table 2: Measured optical properties of the detection components of the

fluorescence detection system
Optical component (detection) Transmission (%) Relative Power
(%)

Sample (green band) 100

Lens 91 91

Mirror 95 86
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Tabl e 2: Measured optical properties of the detection conponents of
the fluorescence detection system Optical conponent (detection)
Transm ssion (% Relative Power (9% Sanple (green band) 100 Lens 91
91 Mrror 95 86 17 Dichroic mrror 98 85 Geen enmssion filter 97
82 Optical path 68 56  Total 5 [0094] The overall aptical

transm sishRRf mihe fluorescence detectigp systemwas fognd to be
51% and Kh6% in excitation and em ssion directions. (Mst of the

conponent@..shonesoaaref fici ency [of 90% og7hi gher. The sysgeni s

opti cal perfarmance could be fiirther irrprn\/pd hy ~onhi ni ng | ensels

with filtehga.Angh nounting themidirectlyggo the LED and tfe
photodidde. 1o addition to the feduction of _nunmher of optical

i nterfadegsuch an approach would allow for a norg conmpagt desijgn
increasilng the transm ssion alaomng the optical pathl [0095] Generall

the anplitude of a photocurrent is_|low,_ and thus a technique to
i mprove tIAR94) griEieaveta opgen! frarsmyssiensotithpflerreseersg deaion o RS
det ecti on,aysh %E%i%aandggcgﬁﬁ%x&ﬁ{%@mﬂﬁé‘s?@rﬂdﬁa éSﬂsgﬁ}Io&Q:Iﬁl&et Tvity

devi ces has been descri (Rovati and Docc Rev. Sci. Instrum.,
1999, 70:co3p7ERis3hedyd atfficiency ofl06%erikighenfbkisydten’swaseal used, whi ch

nodul at es/ t si-gnal. 1 j I i chain (refer
to Fi guig g SnEEud g el By Brib NG BLRES RG4S ST (40

| i ght sounmetifd BB ditestly thithesLED@dd tiatphdtodiods.rle gddtiayfo. thelfeduction of
denodul at or , wor ks..as.a narrow,band pass filter al | owi ng only

i onal s APt cane e S8 38 pEalRR Wt At B SR BAERR o noi se
rati o amdesipi/iiuidsing e wmbhREbn blogfthe dpliOAGhthThe turquoi se col or LED
was powered by current pulses with frequency of 1 kHz, duty cycle of

10% and (ibﬂdﬁ nt é‘eﬂ J‘ah%’,"{gg anqg)lit%geoo%ho%ggrsrgnt qufms:v? gnd%igsea technique to

improve the signal-to-noise ratio was implemented. For previous detection systems, a

direct approach based on high sensitivity devices has been described (Rovati and
Docchio, Rev. Sci. Instrum., 1999, 70: 3759-3764). Here, a ‘lock-in® amplifier was
used, which modulates/demodulates the signal in a signal processing chain (refer to
Figure 2) (sece Scofield, 4m, J. Phys., 1994, 62: 129-133). The light source (LED) is
first modulated at frequency . The demodulator works as a narrow band pass filter,
allowing only signals at frequency fto pass, resulting in a high signal-to-noise ratio

and immunity to ambient light.

[0096]  The turquoise color LED was powered by current pulses with frequency of
1 kHz, duty cycle of 10% and current amplitude of 100 mA. These pulses were
generated by a single timer NE555 integrated circuit (ST Microelectronics, Inc.),
followed by a standard bipolar transistor to achieve the desired current supplying the
LED. Generated light passed through the optical system as described above and the
emitted fluorescent light was detected by the photodiode.

[0097]  The photocurrent generated by the photodiode was converted into a
voltage (I/V) by ulira low bias current operational amplifier OPAI2S (Burr Brown,
Ine.) with 3.3 MQ resistor in a feedback loop. It converted each mA of photocurrent

info 3.3 mV of output voltage.
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generated by a single tinmer NE555 integrated circuit (ST

M croel ectronics, Inc.), followed by a standard bipol ar transistor
to achieve the desired current supplying the LED. Generated |ight
passed t hrough the optical system as described above and the emtted
fl uor esceghlgl | ght was detected by the photodi ode. [0097] The

phot ocur r Sig en&PaPBeiLisy oplgat %E%Wﬁsdﬁé"% by Sriitaple bighipgesdilter

vol tage ( : - bj L, J if i | 29
(Bur Br oy e Sl 0 D B e B nd 3BS Bl BT 08>
conver t edhiglhpass fificioftivgpaedba Deenmponentof hezigmrl, vhichis peesseylforge. 18
[0098] T Exép%l t. .age .by_a simle high
pass filt F aH%Ebaﬁ%ﬁ@??dé%g"n&mxﬁhﬁﬁ&%\%ﬁ%&%? ’Ctﬁlggﬁ%ﬁ%prgg%%%ost age
oper at i ondimiagipd 4 poseibleQaRratibhef thel QAL gaesis afnbiehelglel | m nat ed the DC
conponent of the signal, which is necessary for a proper function of

the | ock- lifier. Additionall this fiJlterin 0 al so

L mar J9098TDL bl QF Rl DR e B vyl RGBT P b

[ gg g 8] (Tr(e.nlalug Duviced, IMdewhkE veaisthé bﬁﬁes@bgeﬁﬁ@md L{EY) & adefinaud, %@L

A a vices, Inc.), ich us t ses. powering the LED
e ol of At OT S s e It Pt ima b Ples ThisBo Mo Shcs
filter oflo@din@afh@Fer Wotd SPNMilid Wi U0 pak widiB Ok 1 isTHAFRkdher wor ked
as a filter with band pass width of 1.5 Hz around the frequency f of

r ef er encdtdrEycEy ghigferemgd Blbsignid Hae todbe wavow hrad passribe stomen i s.

rel ati velwyfinseRsidicVe td SnRBRIBAE andl GY 584 ] oi se contributors.
[ 00100] ‘Il:oadem)nstnr ate the cap%ai ity o%l thcé ucg?rg'scent system a set
of experinments was performed using different concentration of

t1 uor escdPH10GH yor €2 depenstipt thmearaplitd thadiorgsemiseent p s@iréscent dyes
used for RholQgtGRls RAGUOGHE TR Saknt BRRLLGR @ @ﬁore@%ﬂl. ?ﬁ{ofeﬁcgéﬁ?' bi ted

negligi bl e bl eaching effect under the conditions use

fol | owi ngs enesi theyaest ppdarifwereseent {36 neet] fopbiplogiodt andlbatchemistlai ni ng

di fferent, zent t'&ﬂ%ﬂ . [ n t of

perfluori ﬂ@%g &81 %@sﬂ “su s?{ﬂg{l é%ﬁ{\%%?ﬁﬁ%%ahﬁg%fﬁ%%gg&ﬁgF%néiﬂﬁgségﬁea pl ane

of the mimthatfallovdegiddstiimdespeioetlet ecti on system As reference, a

control sanple containing only de-ionized (D) water was used.

£gg é?ﬁ]g T@G’Rﬁ&' matg Ityﬁdedlgﬁfgp go%té’n%hg Hi%f’ere%{ gcgllcgéhsatig;ls c%l f{lfo?ersgeriﬁ W\E{SO | ures
placed on top of a perfluorinated glass substrate, which was mounted in the focal

plane of the miniaturized fluorescence detection system. As reference, a control

sample containing only de-ionized (DI} water was used.

[00102] To estimate the probed volume, droplets of different volumes ranging
from 5 uL down to 0.5 uLL were initially used. It was observed that the amplitude of
the fluorescent signal was not affected by the droplet size, and therefore it was

assumed that the probed volume was smaller than 0.5 pL.

[00103] The dilution series started from a concentration of 50 uM down to 5
nM. The amplitude of the fluorescence signal was plotted as a finction of the
concentration in logarithmic scale (see Figure 6). The background noise of the
detected system had a value of 62.5 mV. By extrapolation the limit of detection
(LOD) of fluorescein was found to be 1,96 nM.

[00104] Figure 6 demonstrates the detection limit nsing a dilution series of
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from5 L down to 0.5 L were initially used. It was observed that the
anplitude of the fluorescent signal was not affected by the dropl et
size, and therefore it was assuned that the probed vol une was
smaller than 0.5 L. [00103] The dilution series started froma
concentration of 50 Mdown to 5 nM The anplitude of the _
f | uor escefhpeesséig ratatepeonpiatad adsys Solidackisowraresfare mean valwseofisikat i on

in logarithmgc scale (se L qure -l ) i he
dot ect od ‘bR R TshTRR bt B @seyd Ol ER0P iy BAls3Rofiie T
of det ectheRtanlik@devRiioh; HOLEIRF Ridls WamehioteBksdion e 1. RE99Mo {H0104]
Figure 6 denonstrates the detection limt using a dilution series of

19 | uor esea valiay; thatselid botiagnti due denctstheduckgromndiek 6eduat-dstar e
nmean val ue si x _individual a nt ol t respectiv
concent r e{‘ﬁﬁotﬁ're@r%?s Sfﬁgfi%tof'@&eerggﬂt?g § ?}a% HbY‘dﬂgee(ﬂ%%{?‘?cgﬂ? Q?he
solid Ili i ' : ' il iROSN R t0inkieg es;
the soli gﬁ%gﬁ?@gﬁag@hxﬁggggﬁ%tcg%og ﬁimt%@lggr ouIreidBOi gf 6*62‘9.s gﬁi‘;bbiéﬂi nv
Thr ee ti rths ndnigiuaized fuoreicence datedianSRes) whichdis 2.9/ nM Hatiratier sEct i on

of the |jnear regressi wi t.h the backqgroupd i ngcl udi SNR 3

'ndi cat edht AeecEbtbb.2 Viiethimings e bodt A aRBS o S CORERORtS st om
which is . n@éﬁtt‘aﬁﬁh%%%@%ﬂt the detector at 5.2 V determnes the
upper detection ['1mt, which corresponds to a concentration of 6.89

mVM [00105] The sensitivity of the detection systemcoul d be
i ncr eased0®i05]i ncofposeasitivity ofthedeteniiah aystdie cphoboiicrsdeed Blowever, this

solution; t a0, t £ QN I nor e
conpl ex des #%goga.ltg S ?%E) |%ﬁ%g% ﬂ%%wgﬂ(gdg'sggw%ggﬁ% ?@l}l@&ef@%? Itb(g)glr?or esi s
syst ens hasghcndithd dseonicnctyieda flororoagdenizeig Hskblishedicbatbaged r each 1
pM LOD. The.devjce described in this, contribution has -val ue
1000 11 AR SlrEortRpo sagr Rt LSRR PP AR Fpo By T o e
used f olr3 réae%h oM DeDP0Re dﬁﬁ@é deatibedris ﬂﬂ.§ccﬁ1t1ﬂ|3ﬁtibﬁ ahs acm‘ﬂe,ranigabocPCR
system based_on a PMI13 has a sensitivi i,m t aroun nM
00106]  FOea BN Gote e ety I Sl aros el e SEHIREF O he

f1 uor escepgRatifiRts e tpRal stthedRS PCRIsGAEALERD Wh b PMT PORsGReRitiveat | ng
a mniaturized real-time thernocycler and perfornmed a nelting curve

anal ysi s ligft efipeovpgR %t oduct s (see

[00106] To demonstrate the detection system’s applicability, the fluorescence
detection unit was integrated with a PCR chip, creating a miniaturized real-time
thermocycler and performed a melting curve analysis of the PCR products (see
Figure 7) in a 1 pL volume. The sample was covered with 3 pL of a mineral oil to

prevent evaporation.

[00107] Figure 7 shows the result of a melting curve analysis after performing
areal-time PCR of the HA gene of the avian flu virus H5N1 using EvaGreen
(Biotiom, Inc.) as intercalator, A nonlinear fitting (solid line) of the raw data
(open circles) based on a sigmoidal function was performed. lts negative
derivative (dashed line) indicated a half melting temperature of 79.5 uC, which
was close to that measured by a commercial thermocycler (72.8°C by DNA
ENGINE OPTICON 2™ from MJ Research, Inc.).

[00108] Example 2
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Figure 7) in a 1 gL volume. The sanple was covered with 3 L of a
mneral oil to prevent evaporation. [00107] Figure 7 shows the
result of a nelting curve analysis after performng a real-tinme PCR
of the HA gene of the avian flu virus H5N1 using EvaG een (Biotiom
Inc.) as intercalator. A nonlinear, fitting é@glid | ine) of the raw

data (optiP0%%cl esd misswEzeteoanIRGHIPing Hrk pladnolimistpaeeineted. |ts
negative siﬁ@cfdf Al hye, ﬁgﬁﬁagﬁg ﬂl@%%oﬂefﬁys&‘ﬁategg{)%ab@étécﬁﬁﬁLs%(tﬁﬁ%y .

tenperature of 79.5 uC was close t at neasure
commerci al_thernocycler (79.8C by DNA ENGJ NE OPTI CON 2TM rom M/

Resear ch, [004d0] . [ Odaredhe ernepl antonaoysger-tigle BY-RCRidavige isAsscribed,
econoni caj, .k ! P o AL.GI O- i sl lleco WaS: made,
incorporaitl&ivﬁl tuﬁltgh%%lg\?g? éﬁz’g?f’ exd?%%tﬁétgﬁ%gie@ggﬂsﬁog%s%gm [ 00110]
Her e, t heemloripaett, diagtdmsrd (18 cinddlanteiene: KREnRLReIdE withe: wegidedd 60 bed,
havi ng dinensions of 7 cmx 7 cmx 3 cm wth a weight of 75 g, or in

a second i me i i (dI a 6 hei ght),
uith a wel BTE: oot Fich Mt fha MnR R AR Rlckeoe SRR %2
m ni at ur i syelnd dnd ailescdatenide heetdapnfor hysyeamanderation. Thetedwtder oni cs
necessary, for the syst s operation. The turquoise light emtting
G oo ( asief S e FBh Rrogl ek Bl P g iasremasy Hirefont

pul ses Wi fullsed witt akpealthplitu@eofaho HA0 Pidroctitat @getiddanta gRtreddeds by a
phot odi ode is rocessed by a lock-in anplifier naking the optical
syst em i ndefFaddN Iptk-Emndder mpkigsthe optied spstenpindepengdens gf aabignican pe
used to poper the thernocycler device for up to 12 hours, as the

consunption of the device is only 3 W The conpact size of the
themmcygoﬁﬁﬂgevi ce and its power consunption assure its portability.

[00113] 8 shblis/phetsyFahtesed topnearer fethrpageicts deass eur t he

arrow (t9Q2 RaMs! A tROoRkEnitRndR 1R dev@ WeInBH3 ¢F ARk 8hmpdRsivbi £l t he PCR
t akes place. [00114] The real-tine PCR systemconsists of three or

four pri rfheemopydlerderice gkt WePCBS RPN S ite perfdditvr s. [ 00115] The
top PCB hosts a m cro-machi ned PCR chip, which contains a thin
[00113] Figure 8 shows photographs of the thermocycler device; the arrow

(top panel) points to an oil-covered droplet, in which the PCR takes place.

[C0114] The real-time PCR system consists of three or four printed circuit
boards (PCB) linked by connectors.

[00115] The top PCB hosts a micro-machined PCR. chip, which contains a thin
film gold heater and temperature sensor. The optical detection system (described
above) is attached beneath the PCR chip on this board. A light emitting diode (LED)
with a peak emission wavelength of 490 nm is used as a light source along with a
photodiode as a light detector. Light was filtered within the detection system using a

fluorescein isothiocyanate (FITC) filier set.

[00116] The LED inside the optical detection system is powered by current
pulses with an amplitude of 100 mA, a frequency of 1 kHz and a duty cycle of 10%,
The fluorescence signal from the photodiode is filtered by a high pass filter, amplified
108 times and fed into a lock-in amplifier. Therefore, the detection system can operate

under ambient light.
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filmgold heater and tenperature sensor. The optical detection system
(descri bed above) is attached beneath the PCR chip on this board. A
light emtting diode (LED) wth a peak em ssion wavel ength of 490
rimis used as a light source along with a photodiode as a |ight
flltereg in the detectlon system using a

det ect i
fleug(r:egcr:enohll?@ot hi J&§ &FPaT&FcH Wﬁ%ge PRtcpinilis showig Figyre PhwhickD i nsi de

the opti cRbictei®s béiBnSythemmtical &%&ﬁé@@s% CI'HE [lﬁlﬁtm gé?ﬂéfa?e%% W gy an
anplitude of 100 mA, _a freque duty cycl of 10%

The f| uor@sWarrleet} YRl passes ﬁhrw%\ ﬂdﬂ’@ﬁ @mrda éwieged bra ém@wq;ymr hidyh
pass fil ti@focudBPbi fs em £ er
Thereforel Of%e det ec??%{ngag i m cél?]@%oélrggtsgéégbg\ﬁ e?f?ecﬂrﬁrﬁofée}ﬁ?anq?gh
[00117] Pivditesfows thesemplsris G:flletﬂaé by ftei icml passastthriosgtsthe dishiofn 1E1rg1ur e 9
which d f t i cal detection system The

l'i ght |s%g%%g%a{;ggg%?ag%ﬁ%&gdn%3\/3@02?%& h LED, passes through a bl ue
filter, is diverted by a dichroic mrror and 1is focussed on the PCR
sanpl e (i@’ theSigndgirMesshw‘Br‘é:bcﬁMel)esceihmfﬂsummxe&atthb begbhd

emtted le i.s _collecte he | ens esthro h the
di chr oi cfP%%rmrN Ec#r%g 03% S PR CFPYiEder dthealﬁ'@tl F’fn%@gﬁﬁgg‘g%méceﬁﬁ% i ode.
[00118] Ppragesingpr ocessing for the fluorescent unit is conducted at
the second PCB, which contains analogue circuits for thermnal

of the pa@9L, oy PREREARE G ok MRt B e

t enper at tusigtadet mpajau(rﬁ'@ctdﬂ(ﬂlfmfypa en §e%oz<?déﬁﬁ@€etd%laﬁ Ac@gb“%%dp ower ed
V\heatsto brld hﬁ fromthis brldgelsa nplified and
demodul at e Eﬁl W ke d 9@1%@6&%@%8 & ydelepedepisé ko [ 00120]

The PCR p@maebdCIyAud for 6itctRirt @tabackmodul ating the anplitude of
di ssi pated power within the heater using a

proporti @mé nt e aI -ngrerl vative (PI D). controller. [00121] The third
PCB is c 8 ed t frgwperayise FéP@rﬁQ}}eaéyﬂ%“&émg frampiaKerht es al |

t he necegisagayedpRs witin thdBeabd a5ig a%ﬁ%o&lcﬂhﬁﬁkeg@ QER498 (IIIB? ot her

boar ds.
controller.
[00121] The third PCB is connected to a single battery or a charger and
generates all the necessary power for the analog and digital blocks on the other

boards.

[00122] The thermocycler device may be controlled by a computer, for
example equipped with a LABVIEW™ gystem.

[00123] Alternatively, a fourth board containing a single chip controller can be
used, for example model MC56F8013 (Freescale Electronics, Inc.), making the entire
thermocycler device totally autonomous. Communication with the autonomous

controller is via touch screen display, on which the results are also shown.

[00124] PCR amplification was conducted on a disposable microscope cover
slip. The performance of the device was demonstrated by performing a 50-cycle PCR

amplification in 15 min, making the device practical for field-use PCR analysis.

[00125] The real-time PCR data is shown in Figure 10. A 6-FAM hydrolysis
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[ 00122] The thernocycler device may be controlled by a conputer, for
exanpl e equi pped with a LABVIEWsystem [00123] Alternatively, a
fourth board containing a single chip controller can be wused, for
exanpl e nodel MC56F8013 (Freescale Electronics, Inc.), making the
i.ce . totall y autonomous. Commrunication with

entire thﬁé@cygkﬁgde\f | _

t he aut onBiBEE® aoligicatian Waspetipined te demerstiateadrsyeal-simenhi ch t he

resul ts atemadcyelesdnwn. ASOQ ek eRER RENohihGat ih ks 1?%{]&““ ed on a
0 e

di sposabl e m croscope cover slip. The perfornmance devi ce was

denonst ratﬁg &y per.f orm ngﬁ)a 50-cycle PCR anplification in 15 mn,
maki ng t h#0de8] ce Figtreillah CR gealips) frotpseenpemtcapiay gais Ged) o Grpsil The
real -time @D&leAtd ) i | lﬁ?@& r.ok Vsl

pr obe- based aea( I@‘?iﬁggti gr?ﬂtvfgdst%%%gﬁ% pfg% en\g%gfﬁéﬁ%{@%ﬁé&
real - t i meof 2148¢la% § inchapgegnent with thegysultobtagmd tfioome vasmeontuct ed i n
| ess thanth%.ﬁnolg} er. [ 00126] Figure 10: PCR real-time fluorescence
intensity dat red) and thermal (blue) profile (top panel). The
extracted data (bottom panel) shows a critical threshold of 22
cycles, AP ] s | Exampleshrent with the result obtained froma
commercial thernocycler. [00127] Exanple 3 [00128] The portable

t her nocy evic f . I n sis.of . an

i nfect i oggg_!j%gé.ease?h - gﬁé%%%%oggﬁ%%%gwgﬁ@ ﬁ?gi%il ﬁoerr n%%eﬁgﬁ‘%?nag@\ﬁoée was
denonst r dndefegipug diserse. iIRITPOR RNArmswt af thd tHermmythke dewdearasi nf | uenza

Vi rus ' . ter SYBR Green | - PCR Ki Roche,

I nc.) \(M t %%P?%g%ggtlogg}?m%é#%% %%%eﬁﬂa?ﬂﬁ%n%ﬁv%l(%é]&par and
Cel:c Bi olmgﬁgfm?@amﬂmﬂﬁﬂgﬂglgm];ml ! baﬁahﬁzgﬁﬁﬁ?@{bﬁﬁeﬁéﬁs o
per f or ne r,.2.m : Ql | oned by a hot start at

C for 30%8%1%@%?%1? @EP&B%OW@C%ET a,géﬁey}’etpl@gy EdnZepare i ed out as
follows: 3 s at 95 C (denaturation), 15 s at 50 C (annealing) and 20

s at 72[@128kt ensTlonpver@nemstreioRGRs pyiErinRg aveis°d fRshgdnd S8Lt i ng
nsition_rate of I C s-1. The

curve an Si §,.0a 0 t Lth a tr

total ti ?’@6@ 3%%%?&5%?118%3% Z:dc?%‘f‘.% P%?IH%E“%\W%% P&k o¥plgs wpD0130]

Figure 1tarsibdu ab Rtlobves3 kiD50IC (dedlimbtidi®, ls PRI alldd® o RSENT
at 72 °C (extension). Once the PCR cycling was finished, melting curve analysis was
conducted with a transition rate of 1 °C 7. The total time necessary to detect the viral

RNA was 14 min.

[00130] Figure 11 shows the results of real-time RT-PCR using the present
miniaturized thermocycler device to detect the H5N1 virus, The critical threshold for

detection was found to be 22 cycles, which corresponds the detection time of 14 min.

[00131] Example 4

[00132] Here, PCR amplification using the present thermocycler device is
described. The volume of a PCR sample used in these methods is between 100 nL and
5 L, routinely being I L. The PCR is conducted on a disposable microscope glass
cover slip. The present device is capable of detecting infectious agents like the HIPAI
(F5N1) virus in 20 min using a SYBR Green I-based RT-PCR technique.

j00133] Thermocycler and thermal management: The micro-machined

siticon PCR chip described above was used. The thin film heater and the resistance
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m ni aturized thennocycl er device to detect the H5NL virus. The
critical threshold for detection was found to be 22 cycles, which
corresponds the detection tine of 14 mn. [00131] Exanple 4 [00132]
Here, PCR anplification using the present thernocycler device is
descri bed. The volunme of a PCR sanple used in these nethods is

bet ween 1@@%Lahaﬁdete@01(RTmm¢W§FGﬁl%@Iﬁ@ the silicoprgrupior. The %bmﬁmed on
a di sposaPbesdiisEPS GRS BLARS: witPyBEicSH ) i:l{?}[)( gﬁﬁkﬁraﬂﬁiﬁ% '%E%%ﬁg LS s in

capabl e of detecting infecCtious agents
20 min usSwgzeaﬂa@ﬂ()me@saanfﬂenbameﬁﬁ&@@ﬁsme(cﬂmrmrbw@ 804:8Bjon of

Ther nocyc mal. mana i silican PCR
chi p decr Pbe HissUE R HBERRR TR Gy e ) flRa &Rl spir %

r esi st ancBCR 2Bip).eAtpemaiodérts the tiedhamal RiklgemertavdrfiblReddainetkebstido t he
silicon The.silicon chij sql dered to a PCB toget her
with a Tgllg(é# Sgﬁ‘?elﬁw aé}? 9@%@&28}@%%& ogy, Switzerland) used
as a reference terrperature sensor (calibrated with a precision of

0.05 C; tpood34pf er ame R TDEs RS atald LOnRERE Ola d lHeQIWHeatGahd tidabeth t he
RTD sensars of the PCR chip conmponents for_the thernal

managenent’ tepally gﬁ’i“‘é@%‘ﬁlsné}%ﬁoﬁla%@%?ﬂfmlf@aﬁ Widh apEndipdand O35S tvapcn
cont ai ni L&E m&&@%@r@g& QR4 a4} 115&31%3}%'3}3&%&&%‘1 aﬂ‘}?ﬁﬁ&mﬁ ed via a

bal anced eat st one internal 'y generated

si nusoi déﬁngha&mcmhsq)gmthwg@m sefrfo AP Thegawlifer antms signalaress thespl i ed.
The bri dgg,QuiRWY o Vé@%oé‘x\%l\ﬁ'&’!totﬁ,b%ﬁ'o gﬂnai’t%ﬁ@s}?ée@t ggg%u?ﬂagﬁ’gj(m Gqupégezzl

(Anal og VI ces, the gainset t0o out put
si gnal vva‘ﬂterhéﬂlefiplowessed by a denodul ator AD630 (Anal og Devi ces,
inc.) followed by a low pass filter of the 3d order. [00135] The

above setjygqsgsul t emvte@gmﬁ]egmégdﬁg%&m&&g'séagnm&y%?g%& e and

provi ded no drift, since ge ‘was powere i gha
Low anpland poeyidst np MC duifk.dipse Biedsidge ves pevkredily mhAC$an{11- hewat i ng

ef fect orj Qi S Jo heat thin.t CR chip
to an acéé%?lgﬁd%%g evgfﬁge lagﬁ%}n&? e?gibelsggj] ﬁ @rd% power ed
by a pul sigsipact HeutoHedt sviithuh théBER chipi tgaabedaytablbéeviel & comiw.ol | er. The
| owt 0- hi gh power conversion was nade possible by a power MOSFET

transi st 94a436]  The PCR heater was powered by a pulse-width-modulated (PWM)
signal by the PID controller. The low-to-high power conversion was made possible by

a power MOSFET transistor.

[00137] Figure 12 is a block diagram of the complete system of the
thermocycler device. The top panel represenis the thermal management, the middle
panel represents the optical signal processing setup and the bottom panel represents

the control system.

[00138] Fluorescence detection system: The metal housing containing the
present optical detection system for fluorescence signal detection was attached to the
PCB containing the PCR chip.

[00139] Power supply and control: In order to simplify the system operation
and make it user-friendly, an additional PCB was used, containing voltage generators
of +12V,-12V, +5V, -5V and +3.3 V, all from a single power source between 12 V
and 24 V. This PCB was linked to the analog PCB via a direct connector.
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[00137] Figure 12 is a block diagramof the conplete systemof the

t her nocycl er device. The top panel represents the thermal nmanagenent,
the mddle panel represents the optical signal processing setup and
t he bottom panel represents the control system [00138] Fl uorescence

det ecti on m The netal housi ont aj ni t he resent optical
det ect i onf"s%i(@‘@’@m fo ?%Wﬁéé?%@rﬁgﬁéﬂg’l ﬁoeg’tl\gg‘fpw R feRdd t o
the PCB conpudérNinngotii®e BeRmedhdving &Qih%%}atM&olssgaﬂﬂnmamdm@ ntrol:
In order to si%ify t he system operation and make it user-friendly,

an addit i GHESPesE RRad tasdt Web asinizia fhip seaipligieloy erpsinie eving medel +12

-12 V, +oM¥s6FR01Y (BREscR, BicY: all froma single power source between
12 V and 24 V. This PCB was |linked to the analog PCB via a direct

connector, 24 []00140] The systemwas controlled froma LabView

progr am rl@8AfRY on Bieperfommsaprafidhe thewocyelat devise wie seafinddythwiealy an

I nt egr at eghn£RbdRh oF Y5 LA i : | b Rer
with a single cﬁ?pocontlﬁg?f‘?g%% %%3%P3§@%$%%?§%ﬁ3

( Fr eescal®as sehup ysing 0 LIGHTCHELBR! f 8iNvakketen$ YBRE bl OmsStep RIT- devi ce
was veri fy Ve real- time detection of an in vitro transcribed
HA segmn%%%at%oéggg e’%c'rus. The RT-PCR was set up using the

LI GHTCYCLERTM RNA Master SYBR G een | One-Step RT- PCR Kit from
Roche, | r180142J0142Basphqprepmracionr Hid wactiof neix mea ptepand by xddi@ms1.pr epar ed

b ddi 1. f 2, 0.6 L qf h f d d
ot e s WL S0 MR COAT Al B vt s s e s Bele.
LI GHTCYCLESREM-RMA diiost @1 $8Y558 eeor forTEV TRER™RAA Wauel epsd. by t he

Genone Institute of Singapore ( were val i dat clinical
sanpl es dfresRaPrigngrs wige fensloped bhdadienpsi nstibe of Sagepoie(GIDGOA and

2005. The,SeqRes Svidf o ' gmﬂ:&gfth rd, priner 5 -
TGCATACAAAATTGTCAAG/iAﬁ\%%ia 2 sg%’gjé%gf BPREfuitgibe frsg‘%%éte’*%?} Mibregs in
GGGTGTAT AP FHREEN8T TIEATY BincdsSE (el find@s tsed jare: AorRMA frampbat e of  2x106
copi es i t.he agtd ix. to the total yolunme of
20 gL i ?T%@Ig%%i y 5e§ oF 63 Sf“?}‘%‘a‘e’fﬁéﬁ‘gé‘?ﬁ\f‘én& W@S?P’ﬁlﬁlﬁr{érrpl ate
concent r &#GG@HGRATATOIGTGGAATGGCAT-3" (SEQ ID NO.: 2). A RNA template of

2x10° copies in 10 pL was added to the reaction mix to the total volume of 20 ul

immediately before starting the reaction. The final template concentration was 10°

copies pL™,

[00143] RT-PCR protocol: 1 uL of the sample RT-PCR mixture was
transferred to a microscope cover slip on top of the thermocycler and covered with 3

1L mineral 0il to prevent evaporation.

[00144] The reverse transcription was performed at 61 °C for 5 min followed
by a ‘hot start’ at 95 °C for 20 s. 50 PCR cycles were carried out according to the
following thermal protocol: 4 seconds at 95 °C (denaturation), 20 s at 50 °C
(annealing) and 10 s at 72 °C (extension). The total time required for a single cycle

was 34 s.

[00145] As shown in Figure 13 (inset), the transition time from one
temperature to another was only a few seconds, and the thermal profile is nearly

rectangular. The fastest SYBR Green I-based PCR was successfully run at 14.5 s per
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copies L'. [00143] RT-PCR protocol: I L of the sanple RT-PCR m xture
was transferred to a m croscope cover slip on top of the

t hernocycl er and covered wwth 3 L mneral oil to prevent
evaporation. [00144] The reverse transcription was perfornmed at 61 C
for 5 mn followed by a hot start' at 95 C for 20 s. 50 PCR cycl es
wer e car rvels: white sadeisinsiraly feyendpproaptonsingF v as iea prabe, phishdebised 4
seconds ! I I and 10 s at
72 C (ex'?{;é:1 n@?gﬁﬁéﬂﬁﬁZ’E%%wtﬁe%g{%%%ﬁ%&ﬂe}gg?uo r6 rgﬁngg#éerrb%%}g] e was 34
s. [00145] As shown in Figure 13 (inset), the transition tinme from
one tenp@Pithtlr e t GigwrelheFluatescannt sigral pEihe RdcARisfollewel tshemehiog mal
profile i t | ar . R - hased PCR
was succecixs%ﬁaﬁf[ﬂ ﬁ?.lﬁ%gﬁnﬂeﬂé_{gﬁg r%ﬁéi?(g%%&ﬁc%}‘g?gR% |ells§h§ﬁaia%ﬁ%%hsi cally

f ast er approadhuting fasgherddf ast dobbngratbe, which is based on

t her nocycl i ng between two tenperatures only, can be run at 8 s per

cycle. | Figure 13. Fluoresc e sianal ;of. the RT--PCR followed
by a nel &%@ﬁ]curvgﬁ%‘% 1§7%cire§s_cen1tﬁ1§n§l£&%ﬁagt 3 %ﬂl Blrl%ﬁa‘f gjc%rfie si ngl e PCR
cycl e i s sghalwhedsly widethe tenflRranns kfidisishgvd Aslignedt3l The Rt tigedbi the
rates. [%%4% The raw fl por(ﬁgemt signal fromthe optical unit was

r ecor ded N ST R IPFOEIAEE o5 240041 Bt enperature and is shown in Figure
13. The total tinme for the RT-PCR procedure was around 35 mn.
[00148] Dow148] t heDiE iy CIORE clihd) eheaiverggamplitpdd dtibefiafredchst

fl uorescent OZJ gr]al of the last 5 s of the extension segnent at 72 C
segnent WBhE GG o4 the SXHHER FEPBY 2ltTie COYBPEPLNFRERPIICASE fral | zed
agai nst tiR+bRekee SpulshuEtly, LR abdhP 1 batlfddkhd, AR HM@MnbR Fi gure

14. A critical threshold CT value was extracted from a raph of the

di f f er entgrah Bshovridageee 34, A aifiglitgiiold Gryalee wpoedadpd Epgw e 14:

Correct e%r Y BF 8 Qi bl EREGBEEn etk [RGB Hid QaledSt S s_during the 72 C
segnent (red) and differential fluorescence (blue). The total copy

nunber in 20 L of the solution was 2 x 106, corresponding to 105 RNA
copi es i M0QKE vol uhigurss 14: Coprecteth avessgeeresepnoapiiacst in lag Ty duringa)

threshol ¢heds2RGUR1RE) addHifBehial HB08QR8Mce (blue). The total copy number in

20 pL of the solution was 2 x 10°, corresponding to 10° RNA copies in the volume of

1 uL. The extracted value of the critical threshold was 20 cycles, which is in good
agreement with the value obtained using a commercial thermocycler (Roche
LIGHTCYCLER™ 1.5).

[00150] Once the PCR cycling was finished, the melting curve analysis was
conducted with a heating rate of 1 °C s, The fluorescent signal as a function of
temperature was recorded (see Figure 15). Measured data points were fitted using the

following sigmoidal fonction,
XA~ 4)

P i ¢ )
1+exp —%
Ekp( & }

[00151] where A1, Az Aj;are normalization constants, the parameter xy

+d A,

represents the location of the inflexion point and & determines the maximum slope at
that point. As for the melting curve, the parameter xprepresents the melting

temperature. Typically, the negative value of the first derivative of the melting curve
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agreenent with the val ue obtained using a commercial thernocycler
(Roche LIGHTCYCLER 1.5). [00150] Once the PCR cycling was finished,
the nelting curve analysis was conducted with a heating rate of 1 C
s-1. The fluorescent signal as a function of tenperature was

aror e TR St Ror ARBRAET, L AR Bl hlhge U510 e

Ir [00151] where Ar, A2, A3 are nor mal i zation constants, the
par anet er [00d52} epr d?igmttﬂSt Neliingeatieqpeedfigited 3) ﬁmga(h@nng)rﬁtmf B | c

e o e e T B A B PP P B

Typi cal | yis nﬁd]@nﬂ@l%irbt’é@ waliRsiebd fo 1 7519°61 TS EorvaMtbsiRelDivith i el ti ng
curve 26 is plotted as a function of tenperature to determ ne the

nel ting t%@P%Y%P%OfF@@l@?smd&r‘@ﬁi@mﬁéﬁlrﬁﬂ@ R (Rochgee Fi gure 13)
using a heRdpPEYERER™O 51 with o Pindpind P8 S8l pg tenperature, defined as
the tenperature at whi chj‘ﬁal? of m e dsDNA is nol ten/ denaturat ed,
was neasured to be 75.8C. This correl ates well with the expected

val ue of [P8183] neadireerd beyndessionsitet ane skidad in therrt PoRY ORsifieations to

LI GHTCY! f can be
inder st ocd By ua SPp{i i BERHES ARLE o poteinly Fitmyenlig dber

exenpl ar ym@nﬁ@ctpwmw:ra?asbeﬁékﬁublbmddﬁi@amrmmn1tp@®sﬁ,talsdeﬁﬁﬁdé)y|ﬂwent| on,

r at her, i i.ntended to enconpass all such nodification withinits
scope, as dqul ned by the clains. [00154] All docunents referred to
herein are fully incorporated by reference. 27 WHAT IS CLAIMED | S:

1. A det d6Pi®#H systididobanemetofatadrighereinl anofully dentpositehlat sefaempr i si ng:
a light source that generates excitation |ight having a wavel ength
sufficient to
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excite a fluorophore in a sanple; an excitation filter positioned
along a first line along a path of said excitation |light, said
excitation filter transmtting the excitation light fromthe |ight
source; a beamsplitter positioned along said first |line, said beam
splitter reflecting said excitation light transmtted by said
excitatlewpf second line toward a mrror positioned on
one side sal eam S&?Ittel’ and passi ng em'tted light reflected

al ong saiyd se i r.ror to reflect said
excitatian Ii g\h@éi?értlgﬁg%%eﬁlg%oggeatﬁ%ﬁlaiqlg’é‘?sc? Slgg i S Eophore in said
sanple along a third line, normal to both said first and second

| i nes, wher ei nlighi &d)uxderthabgerfewtﬁshﬂcitatieﬁ lightImvingiatwarelchdth biffieaht thed
along said thir al ong sai.d second |ine toward said beam
splitter; an e%ﬁlsm l}?rc}plhf”ieé’? FBEES oned al ong sai d second line, on a
second side of said beamsplitter; and a detector that detects said
emitted |ight at exuietion fiea pbg(tuﬁ:&ﬂdlc@@ai*&ﬁ@ﬁeﬁlohgeﬁaaﬂl oZsaid BecitdgéeCt i On

tem of cl d Lee di
3 *The det oot 1ot SYLTGHIR AR FrAPBRS B son N h et 1161

line is substamdd al |y perpendicular to said second line. 4. A
detection systemfor detecting a fluorescent signal, conprising: a

| i ght source t erat es itati ght  havi ng wavel engt h
SUPT1 i ent & ok PR B SLo BTN i Frobnthif Beermip eeloningn (1 1 ter

posi tioned al @mgemtfaﬂlcrzﬁighthﬂﬁnﬁ&émg stidRAtHath 9@ oS Cie@d R 28
light, said excitation filter transmitting the excitation |ight from

the light sodPeE 3 Bl dositioned ogone gfe ehjaidkhesm Wliftererndasiing oned

al ong a seconsimltte@ﬁght%@mtemaroag@mde&%hahﬁ@ed to reflect said
excitation light to said fluorophore in said sanple along a third

line, normal to both said first and said second |ines, wherein said

mrror furtheP4BRTERCsItignsd tp seflact sid cxstiptandighbfromgaid deem splitiedtd i ne,

said fluorophore in said sampie along 2 third line, normal to both said first and
second lines, wherein said mirror further reflects emitted light emitted along

said third line, along said second line toward said beam splitter;

an emission filter positioned along said second line, on a second side of said

beam splitter; and

a detector that detects said emitted light transmitted by said emission filter.

2. The detection system of claim 1, wherein said beam splitter is a dichroic
MIITor.
3. The detection system of claim 1 or claim 2, wherein said first line is

substantially perpendicular to said second line.
4, A detection system for detecting a fluorescent signal, comprising:

a light source that generates excitation light having a wavelength sufficient to

excite a fluorophore in a sample;

an excitation filter positioned along a first line along a path of said excitation
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al ong said second line toward said em ssion filter; and a detector
that detects said emtted light transmtted by said em ssion filter.
5. The detection systemof any one of clains 1 to 4, further
conprising a first Ilens positioned between said |ight source and
said excitation filter faor collimating the  excitatjon |i . 6. The
detecti on systight &7l gxsitabioriilisr tapspithng,the %‘cg?ﬂqﬁd?gﬁﬁ&?m tsing a
second |ens pEgttiRRGHs k@rdocus said excitation Iight reflect by
said conventional mrror toward a said sanple. 7. The detection
system of any one_of clains 1 to 6, further conprising an anplifier
connected to $BeRissORdBicnPosifosed aaps ¢ $8PPRAEILS si gnal from sai d
detector. 8. The detection systemof any one of clains | to 7,
wherein sai d lightinsQWb&Bored to AMfebiBRd eReitafibR1igRE sdid BRoBYRIeMm Of
claim8, wherein said LED is a single LED, and said excitatjon
filter and saiddewnglsitonepithirklincapamabiofhol: seidEiand said speesd lipes. ¢ er .
10. The det ect hQn.: f L. i 1 L34 M tiaLi Pl e
LED, and sai gdhg%gf ag(%ﬁlg%l&ff?ﬁ?l %eg%éﬁae%aeegg%g%gﬁtl e}g:ttg%!ﬂF% %HZ? are é’ach a
mul ti pl e bandalpagszifl sédoed line tbivardiaal atagsset filtar; aylst em of cl ai m 8,
further conprising one or nore additional single LEDs, wherein said

excitation fi i ] SS j : Epl.e  band
pass filter, étr(llgtrec gﬁ%ﬁ%%&%ﬂ%@@% )F%hghf%{ S{@%‘% ac eg]fl%é’&eﬁ%lm is
i ndividually nodul ated and denodul ated. 12. The detection system of

any one & cl herdetgction systemwhanyeing of aliansdletoet fisther eonaprispg aiftst odi ode.
13. Ath r ' . I 5l.Dgag &; 06k ' fined
' any. ondb PRl A B SR o Rlcl e A GRS e 12
cont ai ni rgciwtibh lightophor e, said sanple port positioned to place said
sanmple in line with an excitation light reflected fromsaid

det ection sys it ' . Sa -
recei vi ng " por ?E%?tg#égt% P%ém g g?‘{&} dngg?}gl]a%?d PR3] Furt; éﬁﬁsmegond
lens positioned to focus said excitation light reflect by said conventional mirror

toward a said sample.

7. The detection system of any one of claims 1 to 6, further comprising an

amplifier connected to said detector, for amplifying a signal from said detector.

8. The detection system of any one of claims 1 to 7, wherein said light source is

an LED.

9, The detection system of claim 8, wherein said LED is a single LED, and said

excitation filter and said emission filter are each a single band pass filter.

10.  The detection system of claim 8, wherein said LED is a multiple LED, and

said excitation filter and said emission filter are each a multiple band pass filter.

11.  The detection system of claim 8, further comprising one or more additional
single LEDs, wherein said excitation filter and said emission filter are each a multiple
band pass filter, and wherein excitation light from each single LED is individually

modulated and demodulated.

12.  The detection system of any one of claims 1 to 11, wherein said detector is a
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a tenperature sensor connected to said heater for detecting said
tenperature of said heater; a fluorescent signal processor connected
to said detection systemfor processing a fluorescent signal
detected by said detection system a user interface nodule for input
and output, of ,.data; and a power source for powering said device. 14.
The thernﬂﬁﬁ%%%%‘device of claim 13, further conprising a controller
in comunication with said heater, said tenperature sensor, said

fluorescers. sifgdaimoprhedssascoapdissai d user interface nodule. 15. The
t hermocycl er device of claim 13 or claim 14, wherein said user

interface nodu onprjses a_ touch screen, .16. The thernocycler
devi ce of any aoci?gecg?n Sm c%gn? D PRY ofghlairs d &9 gi t her nocycl er
device is a hand-hel d device. 17. The thernocycl er device of any one
of clainms 13 taxaihple pohicfoeieteisiai d spapIe tontSialngGeldoSophoRRakdi®smple30

SEQUENCE LI STING <110> Neuzil, Pavel D pper, Juergen_ Novak, Lukas
<120> CONVPACT PP PPBAPLISES E?é?? i @1@%&% ling pfangpgsitation dightreteptedys

60/ 839, 678 <¥okrsatD@8eiBn d4ster160> 2 <170> Patentl n version 3.3
<210> 1 <211> 24 <212> DNA <213> artificial

a heater positioned adjacent to said sample receiving port for heating said

sample;

a temperature sensor connected to said heater for detecting said temperature of

said heater;

a fluorescent signal processor connected to said detection system for

processing a fluorescent signal detected by said detection system;
a user interface module for input and output of data; and
a power source for powering said device.

14.  The thermocycler device of claim 13, further comprising a controller in
communication with said heater, said temperature sensor, said fluorescent signal

processor and said user interface module.

. 15, The thermocycler device of claim 13 or claim 14, wherein said user interface

module comprises a touch screen.

16.  The thermocycler device of any one of claims 13 to 15, wherein said

thermocycler device is a hand-held device.

17.  The thermocycler device of any one of claims 13 to 16, wherein said power

source is a battery,
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