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[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,
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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
arrangement 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.
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second side of the beam splitter; and a detector that detects the emitted light

transmitted by the emission filter.

[0015] 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
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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 WO

2008/ 024080 PCT/ S&007/000272 [0019] O her aspects
wan@siheasur es of the present invention will beROVBG2007/000272

apparent to those of ordinary skill in the art upon

[00 gﬂ; io Spntlgé;ﬁtag&gsfatﬂh e, 29 ofﬁg %fés@ﬁtj iBPer®hon wifl %géc{r%egar%pﬁrent

e 1 nventl conj uncti

to tlaose ofipaiinyarn gklﬂiny theast upoBbHEW DEB@%HEFWQ}; dekcription of
ures, mhlch illustrate, by

In the fi
SPW?HEA ﬁ?&ﬁm Rerinyyentionsip SpRBRGtonaYith heacenmapsaping figures.
i nventi on, [0021] Figure 1 is a di agram of an opti cal

BRSEE?T% I nvent i1 on, %@Hy% gUng IS gdlsgﬁgha?lf Ct he
' f
00201 %g?gﬁﬁsi’ﬁﬁ%g PRI AV b Aot of

thepmmﬁmﬁﬁmmﬁwmch are nndulated and denodul ated for
detection by a single photodi ode detector; [0023]

gur chemat | d|a ram of an el ect roni ¢
100217 it T i< 6 Rar o et driachien SEYER XEMPLYE P B

embggﬁlléhﬁ: @ﬂtﬁeq)ré:sleg“ﬁ@er&mn{ 0024] Figure 4 is a schematic
di agram of "a thernocycl er device incorporating the

detection systemdepicted in Figure 1, [0025] Figure 5
[0023] a Elg@rbgnmwhgmatmélagmne@ﬂm@@btmuecatquﬁmuﬁa}m fomuse

wia GRS 1B a3 9 BB D5 R
dempdwiatep fof detsctioh &y @ sinpte gHvedsdicdedigediat ect or i s nount ed,
[ 0026] Figure 6 is a graph depicting the fluorescence

[t ensi t t 25 |ned rom experi.ments. using the
0023 ociebfe Sind EhrR 13 of Ao Bt S pe use

wﬁh&haaalecncfnrs@@eﬁﬂdee{c%‘émw £@027] Figure 7 is a graph
depicting a nelting curve performed on anplified PCR

£’HOdUCt of the avian influenza virus HA gene, produced
[0034]; ngFigurevdispwhemnatic dagtameos & themmqsyelsr dewjce ineorporating

ﬂw(%%%?ggFgﬁﬁgﬁgﬁgghggFéﬁgy{e 1; [0028] Figure 8 is

nbod ’s of a thernocycl er device
i ncorporating the detection systemof Figure 1,
[0024]t hdtigufe 5;{@ goptroed grapdinal the integrhited tetettiqresyelein 3saisbladin

e arr anel o an oil-caovered dropl et
metqt Syt hemting feldiceieh bbb Hgnimmets trdopesns fens and
the (RERMPHA L HHeRNthE KOS ABLE & Ector 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
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shows cross-sectional and perspective diagrans of an
wensde4ment of the optical detection system [BOBSE2007/000272

Figure 10 is graphs of data obtained froma real-tine

100g81, 2Rk S3RAVE Prost hfind] P B bR S SIS SRV, &
emtddnént 6f BAMphyalrdetectos spteale; [0031] Figure 11 is a

graph of data obtained froma real-tinme RT-PCR
lification using a mniaturized thernocycler device
(00301
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odirent _of the pr nt. invention;.the nel

0057 e 1P i el RET R analsBiene S fe AR e
amplLiERARSLNNIS: 4 AeniORtizERtheshdyBler BEAESHEbDOr-HRL R disttibhe

bot t om panel resg{{esents the control systen [0033]
systemgiFégurg 1 jaad a SRR Ceesndrivsedprotacobtogdetechiiet iyl eiaw e
: ?E% si.s of areal- time RT-PCR anplification using
nfl e£¥n§{ﬁsls’at urized thernocycl er device depicted in

Figure 11 and a SYBR Green |-based protocol to detect
[0082]c HBigura¥l & schémandiagran sfissconipiete tsgstparcdtn embodiment

profile of a single PCR cycle is_sho S inset,;
of aPeigrsirized s uoavt o dex oy GRUPRY B 1 GRoR R e prgat
inveRtiBh; the!&) fahellrBfrebdntOmhe $2Rhl mahpeRlen? thd MRldlAthed S

of t'he ext'ension step at 72 C segnment "as a function of
represeatsdhe ppiicahsighd prensssingsatiy dndelie hgom prnel epresents the
gar 1und; and [0035] Figure 15 is a graph of a
I'ng’ curve analysis of an anplified PCR product

conducted with a heating rate of 1 C s DETAILED
[00THSCRrigur M {sGOBresthatesproflepne smshtingycupvomalysik @fin real-

. optical detection systemfor .detecting a _fl uorescent
tﬂﬂ%ﬁ@ﬁﬁ a%l.l&‘e%tlaﬂﬁﬁ@gFb%%%afﬁm%ﬁértgﬁﬁ@&%d@mvaq igted 1g

FiglR8MPhd a SHBR ARIATIH0 HURIEMoRRCLB TEAM d¥an influenza
mniaturized due to 1ts design geonetry. [0037] The

virugighetetipsratery prefite why singlel R(R cycle isgiitowogarinset; f or
exanple a LED light 6

[0034] Figure 14 is a graph of a plot of the average amplitude of the fluorescent

cont?glcsl?s
rel

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

6
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devi ce a LED may be used as light source 112, due to
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ina hlangmelct,dﬁymea LED manbe beedrsdightisaadcdi 2p haeste théliliti Wrgght

I t.ud 42].For exanple, LEDs are
Smalg%lﬁmer Cl aHenS%eg?ﬁtégﬁg%‘Ea[Ed can be chosen to em t

[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 WD 2008/ 024080 PCT/ S&007/000272 a single col our of
light or multiple colours of light. Particularly, a

wo mogooiose LED havi ng a peak excitation wavel ePglr/RG2007/000272
between 470 and 490 run is well suited to excite

a su]ééléj%lgoxy EI gltjlglglé R C%Fgﬁ’s:%ﬁgﬂ %ﬁlgﬁgf efﬁ%‘elgfss Ml y

having @cpebk axcitior maveimh bewee£dlo uhd@(PER iawpll saiedd t@ Rfecite
exa ?%Qiﬁ an avail abl e LED is ETG5CE490-1

O
fuogpphoTes st RRGoGoh, va GRRTORF 6 GPOEY AngeseRin (6-FAM),

t | t,
Whl[0043] QOtlonaI? m}?:ég td}’ﬁt?dr@é ifind bR apbliciins. One
exaraple afige dvailable LI BT GviQEA90H G tvailsblerfowm ETZ €orpt, vtich

t he Clt t beam passes. t hrough col i mati ng
em1t|sgr]|3§ Y4ve ﬁ{h@ﬂ lé%ﬁf%ﬂfi vp%ﬁlgﬁghﬁagg ‘e for focussing
the excitation |ight beam nay be used. For exanpl e,

[0043]MeDgiicdally, AsalihaiElche MBS a5 U6 Brraeoed i Mlth light
nol ded aspheric | ens Thorlabs Inc.) may be used

sourpgblgo thakihe ex@igtien lightbepm nasses rﬂg@dgh pollimpmgrisns 1i¢. tAny
[ t i on, Li ght
ol s B o g B D BBl B
exampde,i ctommezmlalljf la*/zhhbleillélﬁs.es ophi ;8RaGEYTBEHEY nigddticaspheric lens
Ilrmlng collimting lens 114. Excitation filter
(Thoilf ﬂﬁ?/ pa §ﬁ§‘8ﬂ lter that allows |ight of the
wavel ength required to excite the fluorophore to pass

[0044) ougbht Ja@rdeithd & arrdﬂ%&d H‘ﬁfgnﬁ‘leﬁ@%ﬁh ‘%Rc@attl‘bﬁ et ff6 such

ot her wavel engths of light.” Excitation filter
that ﬁhﬁ%@lt@élondmht bressednieratest by light souesh 112 passf:s;thmugh lcmmmmn

ﬁltelF ﬂr6 S@Hé n‘gaﬁt 1)<1?1 aéo'll?nr%atféﬁl,%gcrzol g’cﬁrcl)é 1155‘15 E?(cﬁatmnbflﬂ?er

116 ﬁay bt any filter thetrwlodd 4ighnef thx Glatélbhgh réquhlte@ fo ddfie iy be
mbi ned, in to further reduce the di mensi ons

fluorgphioyg i piss alr:roggl@e filten Hubihat bleckwa&t@@lqt%@ﬂwtwaaahengths
r
oF PR RIS IR B R R, IR s g
For esi@mlplfe exdiration SHack Ty 0/40x iaavaikebleofrohiGhinomb Eﬁsd:hnfotagyl
Co ht source 112, thus increasing the efficiency of
q?ﬁ Eysten1 See for exanple Bruno et al., TRAC- Trend.
Anal . Chen., 1994, 13:190-198. [0046] The optical path

[0045] omadu@mu@lummﬂalﬂ exbitalaFiler Ails atayde doilbii, thlRder
defin a first line along which the exmtatlonllght

to fuﬁ%%ﬁ?@ﬁ&@ dimepgjousrf dsisgtps pystern d PO andto impses the epiécal
perfo?ﬁgh&doﬁﬁ@ a}s?e&ﬁ At hlcgﬁﬁln%&& of Ba?d{ '({nseEtéy Hoﬂgfed

I's arranged so as to re ter
agam@khghtabumn 112,gbduciresthe asmoimt dﬂ@hg}ztst 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

8



fromexcitation filter 116, reflecting the beamin a
path along a second |Iine 8 WO 2008/ 024080

wWEORBLMD 7/ 000272 substantially perpendi cul apCT/8GL002/000272

path along the first line fromlight source 112 to

subsBEERY Rerpopfoyiar o st 8 pgne SRS Rins hGhr bk 3Re -

bear® ¥plitledtti@n 1ight beam but that light of the
wavel ength of the em ssion |light beam is able to pass

t hrough the beam splitter. Beamsplitter 118 may be
[0048]y Brannsnlitendl¥ris chpsanispelr thapiy aeff%? It of the wavBlepgth of

i ehroi e . . . . i
e Sy SIS SRS e HEAGR U un el oM ST AL
is ab}leh@rpaés '%xrmgh thabemhenditler. Brdm dpligasti8 mhy béanshawtablg baam
.longer (or shorter vel ength than the gjven . )
splitigg A0 apayt e fqrﬁxalnpiﬁa?_ﬁwﬁml%ml%% ieally, safiEpie mipr will
: V,

el TR A A TABS) Byt
transmait Hight hb2igiaslongar dorgshdrien iamelength thdanethergisph mtay eength.8ln a

and angled in a. r sq as jto.refle .
partGies eGP AerBrP bR FpH OB P B Typvailab from
Cm&@gp@mg@%&f@o &afidie i ncident excitation |ight beam .

along a third line, the third line thus being nornmal

to the plane defined by the first Iine and _second
[0049]1ne . Comvenigonsl mirpioh20 i prgprecy dalins with heam srlittepd1§ gnd

. . ; e
gl 0 ST SPLAe s PR SR SRR G il
perpéhdiariapb dheinchient éxsitbtoondeghtibears blodg afthird lise dinpthed dine
| uor ophore cont ai i S .e. [0050],.Thu as.. ..
thus JEB8 BB ‘A BArSAr P e T reion g 195, be Siation
lighttRaMis BRk irtf Qfedlidhn A ERNYERE! PIakowarld inpleficaibing dost
general ly within the same plane. The conponents are
130, attiignisdn optiedh gemawaicetien with liflperomhesmihaion tebedateqied; &or
by | ight rce, .112. t s within this plane until
exarr%%ﬁ? élglf){eoé’%gge c@glﬁa\ll%e#t%}lgﬁérﬁ%% rror 120, in apdi rection

substantial ly perpendi cular to such a plane. [0051] A
[0050] c usBiusgasl deearitkd 2nd as stiovanigdtigane ¥, dighssduhe H2¢cbdaat | on

light beam as. refl ect rom conyent.jonal mrror 0
spitgs 1% aaef b PRt T B lciad i e 0 e sB BGp oL he
comé(g}ﬂl’lcs' e hiPeRE sHehR %k&gttib% %)1%[%3%18]81%4 depnRebd vy It é‘h'tt h@%urce

e receiving port 130. _Depending on the
112,deavels avitbin this planetentd aeflestedhysoanentpnal wirfasd20ded,direction

a e recej.ving pont 130 may conprise a sanple
sub< B RS hado Pl e o ©°
[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 is to be detected is to be positioned, within sample receiving port
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, gl ass
slide or other transparent container or surface
whelodiongsa sanpl e, the sanple potentially incledi/aG2@7/000272
fl uorophore that is to 9 WO 2008/024080
/ e us. det.ect St
be d%gé{eggf;ﬂg% dg%g‘?%%%%gﬂﬁ% % Pse m&&%‘é a’t Peast smeFe

recen\engp(wt 080 o dandpd€) or det@c@NPlsm 000 Gey BE hscdbysladifsn
0 may be used:§ gla0|ng a sanple or a container or
cg

Samg r@&&@nﬁm%%ﬁﬂ phding 4 Wlemﬁ%sa@lﬁl@&@ﬁww%m
130. [0053] Thus, sanple receiving port 130 is

[00531cat PEbsahemee RiceRRlONbrd Iy i ISR MH81¢ BAEY ddfladd It

source 112, beam splitter 118 and conventional ‘m rror
definezihy thg GJQB&B]ouW di 2 beanespdittend 18and doghentivealnmirrdrdect s
V\Athafluorophorethat is to be detected t he

[Oﬂifti]u glg {rP]% e\gﬁ ée{tlo%q{g%t F? rt]‘%{g{:}% %@ fglf él}o(ge] a’? 1ns, to be
detem& ethe flgsoplidromeig >a5$drml%@md>m i e:&ﬁaﬁen K abh, HRAEANY
mtted lig referred to

onger wavel ength. T
hghfg‘?vmea Gffprent Wﬁvq1¢r@¢t frpwarcitationlighs bemcwualﬁy having a
longEORHY \%Pédgﬁi“ g‘}he Tt ll%%et;a?ﬂgg t6 as ﬁj@ %Hngs? lféxttg f,lrtPar\Tf]els

convention mrror an angle su
backge rcplevmitlomdl arirrbo120 eng ad thed reflected é’rofrrl cveptieat Irﬁ@or 120 at
litter 118.

n mrror 120, back to beam s
an aggli & %&ﬁﬂ?&m rcitior 14 epadh eisog Goproghesint cormeg%@nal
mlrr&alQOnEacﬁt tYBYSh @%l&'kfté} 198. $ihee l%ﬁ!n?@l%r !litﬂﬂtchgf‘eﬁt bt

em ssion |ight beam passes through beam spli

lighthavingre wavslensidi afghe ethission él@hblmkn tlemidsion hgluttbesmmams
filh d
throrebbeayl Bt 1 1 B, Bl Gl Bty B W o 312

120. Em ssion filter 124 is any filter that aIIovvs

[0085] ghtAIhamsmgn fifter 1240¢ @bﬁngﬁehi @f a tdeendsids sf Bennd bditder 118,
am.to t hrou but that attenuates

OPP°8$C gl Tgsion o éKZ 1%445{35{%% Pyt hghtdaving g |
wav%é'ﬁgﬂi%ﬂﬁe EhnlidsRh lﬂ%ﬂbé@ﬁ{ to b tIﬁ?@%H)ng@ filteD gg?té\gtaﬂgn{?ﬁé?or

'ter. For exa em ssi on ETS

substagtadl]ydnoeks foﬂmmwa@hlmgﬂas FElighioEmippioGdilivol 24 inay, fof GOmE]le,
26, 1.3 ned si.on f. er 124,

ve o RSHFERRL $3%toth GRS AP R o

ChrofnalTsehﬁdo@ycemoﬁ@ﬂogn filter 124. Detector 126 may be

any det ector that can detect a fluorescent signal

ect ed frequency, for. exanple photo
f0osgf, P&p@ orci3d plkanes! beling atssHPrC kARG arTinaPa I mptre

the eﬁllssﬁﬁiq{@gbééﬁ?ﬁlté@d @y%ggg\/l%eﬁlP%QEQ dﬂ)&?@co fZGamﬂque any

char ge-coupl ed I ce. Particu
detectiutthaican dﬁragt atféloaquhmttscghabhm/mgqhetemmowﬂa”se@emy, for

exarg DSl kB IO & s fepling Sodkfe PCRATa O %

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]  In order 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
wheoosoplosyed. Alternatively, anplifier 128 nmayPOESG2007/000272

included in detection system 100, to anplify | ow

e B G e 2D T BbE92 A BN AR s e

contigfidcition wibddtsct@ 1260t odi ode. Anplifier 128 is thus in
comuni cation with detector 126. [0058] Amplifier 128
be a | ock- nplifier, whjich

, for exanple,
[003RY,11 Avditise e os Sravepls; WOckﬂ%w@éﬁ@cwbwhm
| )

oL RRer B bl R atlekBF f0, MRidthRR 1o cffrs
are 8xown, Fed Ihalv;d been dé@Ribed frGRAMDREL HAfuOG =D}, IMectshSczaﬁemheol

escribe nbodi nent, the path of the excitation |ight
199g,e§ﬁ1053$—r®§$1 i ght source 112 to beamsplitter 118 al ong

the first Iine is substantially perpendicular to the

[0059] h fd @EabeR SRt tefibolifBert Othe gmm%ﬁe%a@ltatmnrm& béetd
al ong the second Iline. Hovvever it wl

fromy bshté@m‘# dd2 thbean spliten i élonaiheki%rstalmea@ awtesta@tlalbjbt use
perp%ggi:c a(r) ﬁ)lr tﬁg bgtﬁ‘%ﬂﬁﬁg an) Eﬁhtgeé '&?% zoué X :yg}[l or}ltal S eltzg aliong the

seccmk’ldme Hhﬁem,amvﬁbbe h}ﬁ}ﬁ'é(;latad thap (lay a@drﬂaﬁ @b ah euty af bBtuSe
ths do not |nterfere wth each other. It will

[
anglFul%PN idfed Hhat thops s snificisat epase Terpasttonmsiot dhe light S%%H@‘F gnd the
detcB@k WEAR thd¥oad fpbitted, 'aﬂ@g AR SRS AR ub | h ?@& sldo not

requi re adj ust frent of the necess conponents
inteféreditheeach @ﬁlesylswdhﬁn:‘(her b@apmamatbdh thatadjistenentoof the gigle

beam apnd. ..t he beam are di o the
b e AR Bb fahed iak Yahesiibed Sutsol 8 A ke
nece@@aﬁry eomBodnys ofidReclibnOfseRh 0@ sd Mab@e AREIREHLS (ﬂightrbetaﬁleand
mpl e_conveniently Ilies in a plane that does not

the ?IWF@P% gt beampre ﬁléeqt¢dgq62tt11® ARIFPPTAPLeBPeneatn as gesaribed
Wl8. In this way, a sanple may be placed in sanple
receiving port 130 in a plane above or below the
optical path of incident and reflected beans. This
[006(s;| g@owomtly,yh@ﬂumhomheb@dacabcﬂ irsthz eample denenidndy

ies FYARRIRGR (g 05 0 HBTha Wt g SR B S hea Pl ety
this Wag, 4 QFE1EMAY be BHRENEI WataplérecB91RGIorOMB0SY 3 HBHe :lange or

Thi's arrangenent is al so convenient in that sanple

belopighe optiel pahp! nsidest andueflnetad berms dhiscissign geomeiyy allows
tho (IRHTAIRRRAN: Rl 0 Rk B D Sy S 3 R

recet@igepdrt 180 ®)astodumd 60spase above or below the remaining components in

abo

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]  As well, 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

devi ces. [0061] As well, as nentioned above, the
wa@lewsor408m syst em maybe expanded to include nPCESGHAN000272

one optical channel, which nay be useful for detection

00 ek L LGSR I LS 105
LED towl®b20681 82146 HehtRCT/cEGRARN féplaeRiéat of thO 6idblefband pass

B BB it e o
one SRS CERDWoliTH Heeﬁla@;ocﬁé'rﬁﬁél? ?{Eﬁsr@théf ﬂgh&i{?{ﬁglsgﬁg ?e&uenc

excitation and em'ssion ters wth m ndpas
rangej dricelosir, okleaelr bayving/edifferamb frequdnay rangeer sologt.e LED
could be used, the single LEDs either all having the

e ncy. . range or_col r_ea havi n
I008 3 e LR Y ish B4 R sl B gasiclertidien o
supitessed bg il dvidngs; Bedvieeiy/dinidRiILn At skl ahansefos may
suppressed by individually nodul ati ng/ denodul ati ng

exargglérbya@pb@w digieesnherodulpen freqiempics Blus pprhyighy source or
optil ch&iRMnafad %cf&ﬁ.l}a?&%ih th mcaﬁye %nc%gﬁtp é@ ggnla({elng)l%lator.

source or “optica anne
uni que frequency, with its own denodul ator. [0064]

[0064] y Onky gleghottidode wewld be heednd esléeieasr, dethectiffsrentas

the different wavelength qf .fluorescent signals can
wa@eh EaGAT S R8s Pt dhad el et oy
appl?inf fffeht fréRREISBCI®T: M§ihP8 pRofldidlee Phot odi ode.
) 0565] Figure 2 depicts an electronic circuit for a

r.i ple optical chanpel system each optical channel
[006R]qu| Biguke 2 depicts g glsstrenie giewt {pr adriplepptical ghannsbeystem, e

e R Sy SR Pl TR S i e

demodluletor forfeach optpial dmhndll uor escent excitati on and
detection using detection system 100. The I|i ght
ur 112, (light..emtting.diode L 1) i.s powered by
[00651,, ¢ U £Seas§1§18 Hg?naa?%‘amgg}c Qla_g'&m gEganv PEULoges circuit for
opti@e flabRbeht exvifatbn kil CRR¥iOh LS g ideteBtiSi/§ysRM 100/ ThEGght
tranS|st0é2§?. The emtted |1 ght signal detected by
sourgfpl cllight amistingyiodoBEDdbismpyverasl tsoeireant pels¢sraepergted by a
' . L 1S t-put
pulsy O el Sy AP Lo T AR ey il O o
emitgddight sigealeldtcoted dydieteotdu 126 (phoAddhad: D Whis ebnvested altd awed

by.a J]ow pass filter. [0067] Al though the above
Volta&éééfrt}%%g%tmg?fﬁ@fﬁﬂi%1 -3&?&1@ ekipgeds pmphitied by thet he
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 |ight beamand the em ssion |ight beamare
sufficiently different so as not to optically

WO naosntese with each other, the beamsplitter PEWSE®07/000272
omtted fromthe detection system [0068] In such an
enbodi ment, the excitation_|ight beagétrav | s.al on

line. (e rpmissiapvighh P 2691 e the BiFgHe PRR ash: Prty Furor VR
is ref{e%creg %gﬁﬁ'% %ﬁé{’ rto@Bfsite &ffskieh Faer {daamitd\@tedds, Hkch lie

ocussing lens to the sanple port along a
alongd@édtomblimg klsb motrhal tb ithespati fomdhe 6080 0RAD8emMple port, which

. PCT/ S@007/ 0Q0272 ine. The.enm ssi.on,light. bea .
s mo e o St w AR PR A PSR e
may %1% de%taﬁﬁﬁlgeﬂgﬁéjtﬂéﬁaﬁl@ §inf] drirdy Beyphrdedtbiyer @idlSaighy) with

ter and inlTine detector, which lie along a second

the detiecter; loadtsdbesddenthk light sovecepath fromthe mirror to the
sanple port, which lies along a third |line. For

a ...t he t fir ' 14 he second
10068 o Defexb fysRah Ho B R i By a8bmpk 5s Al 18 0
minidtBNzdABE:, Siapethatcethpbyerils Sianbt afragded, in wivety confyacthiatest,dor

roiued e the g ot e LO0SL. O EeL L
a co%ﬂﬁﬁta%irﬁﬁ‘% Qire&tAE FaridiB 1 %&u@@ﬁe%pﬁ?ﬁ@fé%ﬁérs, :

a very conpact manner, for exanple where detection
lenses yad éetedtOB. Usinglsmal, ligheweighbéameebngste sech as dnddih light

splitter an a conventional. mrror te.direc
sourdyap ugoicRgite ieche ApnADaan e b sk Sha iaht of
the db@PERSsyRReh. F8LE Gh QhSous dpibogindiRd, lthe ddt@ibneygéth can be

conmponénts such as an LED |light _source and a

manyfhatied iobavedimensions of abputad) Bs* O MM Sdddon of t he
size and wei ght of the detection system Thus, in

ri | | ; i
[oo78F || 345 ECRABIIERL Hendy b AL HOh SRS oP hclusion
in labeoil-b-diipndevi @8,/ luSingtpostable fpad-beldrigvicesy Athweiag istated above,

detection systemis. suitable. for i.nclusion .i.n
the OpREAl GRegHBLeTEREDIE idst i RcHBE AR CmE el o
gencha 186 Sari T anAS 184126l eg Vebludih f oab el R GEREAGTN

systemis Suitable for use in detecting fluorescent
real-gmgmatleicgeideegrentebased apnlifisaijorofNArfad ) readdime whole

sencpi g o Gl By ERGihe BB ERpARATLTREA) realtime
oo o S (1)
immpp e sseRSB LA NS O JHEFSSE S ORISR SHIASKER)
real—{ix%% llb'g%{élgﬁeg&ﬁr% & inb§EEHNASAsbent assays

real -t1ne fluorescence i munoassays (Fl As)

or real-tine biolumnescent and chenol un nescent
[00743 s ayReal-time PCR techniques have been developed based on fluorescence

detection of a fluorophore covalently bound to 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 (H5N1), a truly portable real-time PCR and/or RT-PCR-based device
is in high demand.

[0072] Thermocycler devices (PCR devices) have been successfully miniaturized
13



[0071] Real-tinme PCR techni ques have been devel oped

based on fluorescence detection of a fluorophore
wa@omaloensd y bound to or interacting with a PCR@T/SGRIDU/000272

Conpared to conventional PCR, such nmethods provide

usn@qﬂfc‘éd—ﬁ’lﬁé}hnﬁlgft&ﬁt@tog? n afE931:4b ggné ?ﬁwﬁ ﬁ-éng‘tﬁﬁg%%f)%s of

initial copi arget gene
PCRDamlytiral metheds, as nieHab rmamakie Eeasaelatyuisq;bﬁatqs A pufilblaPCR
SARS Avi an | nfluenza virus

d q the ntQ%P t o
OVICRERT FISt SR [)Qggr4t Hrdvienermentrhays @eet made by the
origiRht B@Blt@ﬁs(ﬁl‘értﬁﬁtw & 8L, Al C’hé?ﬁ gfogke Vﬁave %ﬁg gl well as other

Thennocycl er devi ces (PCR devices)
groupg degsstsiet by, AipsenatRioélzetcon., 1200900 £0085-022880
PCT/ SG2007/ 000272 using m cro-machi ni ng technol ogy,

l007). N BB Bk n B e PR oS Aol e s

baserl ontaabtreuryAap ot 8Mser BeBxciteivh @8d WaSotbhtusitplice ﬁf% t(?pﬂ') Br
aCK§§94 and further advancenent s have been nmde

Hevipess g g}ﬁqroyr@k@wblgﬁ(’& deyfices rathex conml@mAs Well
S“"h]‘ﬁ%“'? g ey Bratind nA R JERIT b GRp08
that [ha(?ﬂﬁ amphﬁqfaltlbn be performddyipitheibseas! of}h:gﬁﬁgmé to avoid .

. | uore eclion s mis sti ased on a

Interferpneg rO ]ggehtéfv lﬁhas@‘?te%fﬁé SBS’(r@FOtth fightland a
photonultlpller tube (PMI) or a CCD device as a

[oomrqt ecmg,, théra kd 416 Presdral RovIER Qﬁﬂmﬁeﬁzé@ﬁa@ﬁﬁocgfet@ L& ce,

such devices tend to be relatively
Sultaﬁlr?ofohﬁ‘tf@%%eﬁoﬁmﬁ PERainrdudingredl-timg R T-BCRt Fhe rmmetuﬁ@‘éd

i r h sence of . | i ght
therr Rl 1EAC Bl BE pRELIC TR bt UERBREERE nfipe o
therngatyelet deviéd. uor escent signal . [0074] Thus, there S

al so pr esent |y provided a mniaturized thernocycler

00785 5 ARk RS R Pl B o

comprives aasotﬁhepstétﬁ\mooeasrmcmd%m@b| e, and in sone
enbodi ments, may be a hand- hel d t her nocycl er devi ce.

in one enbodi nent, the

As seen_in Fi ure 4,
[007%12 E%é%q%(? eU@‘W‘@ez o iaghiges %eeénrdere@emrmposy&m
recei%igg S s eo?‘ﬁrﬂugﬁﬁle PN F{(ﬁQlSQJ) blggﬁd'r%{:eﬁcéag‘%@g ?%%efv?ng

i ncludes a sanpl e receiving port
port 23cie dimengicacd trmpbeveoa seitabl«tantinérror shifedd ifPeRoh $/hidh de

ted.. S le.r n ort 230 i s di mensi oned
per GBS § MRrAbiat ConesmIe SR auBE AN gy be
of suMUl@Eiz@and’éﬁ%p@f&ﬂebéw&ﬁtﬂlﬁﬂvaﬂléd m)ebsr r@a%;tﬁhsd- For

exanpl e, sanpl e receiving port

[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
wWQ@3@sioz4080 r anged to receive the sanple in a poBRCT/SGINNT/000272

so t hat the excitation |ight beamreflected fromthe

n
reo TN AR Ol s S e 20 DR AT g,
the ﬁmntctf;eﬂ)rfemﬁplemefatmg)plards @F @ tigiafilmi teatkr,isach hea gﬂmﬂhﬁ fil3.
transmtted back to the conventi onal m' rror contained

oo EASh TR PSR b eSS RY r
teij&ﬁtur§@f’mala?el 21:7) 1étthtﬁe ViR YRk Qf'ﬂh'é R @;‘HP@ Fl‘ﬁE ﬁn@ﬁ:rétﬂre

t he course of conducting aTreal-tine
detep@afzé'l nRFdbej for axijnoplet resistanbetesmepmtere rdet::eilom ng port
230, to allow for 14 WO 2008/ 024080 PCT/ SGZOO?/ 000272

ti f l.e i ved S | e cel n
1ooP ' Df fnh086R 0845 0 B otk ATPieResp Sl pioescor
236 efmaﬁaélemg higaflidtescohidi@sl fomadldtdtition kidtoh fleata@a forSpt6besding

gold thin film ,  [0079] Coupled to the heater 232 is
me%gﬁ%ﬁ%@%@%ﬁ%aﬁﬁré@?@?cezm to measure the tenperature

of heater 232 at the various stages of the PCR cycle.
OO, e e ey A | B s
contrdlber 338, yehieh catuxdlcihe 20@ctadssystenc 100) dise lzeafdr 332 et ent

si gnal , proc for, rec i Vin rescent
temir i oA PR EPeivem iR o oo e g cr gl
prode§i@r 336 NAterhRveBUIMES thbfmscydRe 'Eiehﬁé %rﬂo!@ﬁ ﬁanc{ P08 bbvikkehe
thernocycl er devi ce 200 may optional | é@ urt her include
A

devigpmayibe geafrelied hysriemetd eontrpler, fawfixempleoppeispral eoraputer,

m 100, the heater 232 and tenperature
not1 gfuggc% glﬁﬂsgglaggnd whi ch receives information fromthe

fluorescent signal processor 236. Alternatively, if
[0082]e tTHermocyadéraievide2De elsb snahotesa posued shetel24le orpeoviding

o B e I G St PR S .
tempteMifetietd 293, ﬂﬁlﬁéé&&ﬁ)é%rﬁf pﬁ@t\!ds&ez% BndbsfroliBCidgdas a

power source 240, for g;ow ding the necessary power
thermecxpéﬁrud@weé B0risorieand helst davies, Hewetounw 24) suasrtherOmtery.

heater 232, tenperature detector 234, fluorescent

o0y IS £ G0 SIS By e 6
rece'slting ioputXidn mpy déleveainy dbtaco ¢ user] ﬂﬁ&&}lmiﬂee:r tmmhy@k@h or

oucf i A0 SeRtelises R el anl e e

screatser, for exanple a touch-screen, or

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

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

EXAMPLES
[0085] Example 1

[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
werieaz4ent s of the above descri bed detecti on BEEBE€mMO7/000272

and thernocycler device are described in the

| oy - VPLES .[ 0085
100851, ot Hropeigian pF e FPE e LRGP gE  EOEEde Sy RRe o
dilubd Serféh HFﬂl%'fﬁfé?es@énc%Qi BMudre3&eikMIhe deﬂel;ummﬂmvaie@tmcbe
and tested. 15 WO 2008/ 024080 PCT/ SG2007/ 000272
1.9q wod, witieh ismogpre thanesyfigdientier appliedions hke yeal-timoRGR
determ ned by neasuring a dilution series of the
100881107 FREGAGS SHEAoNOERTEL o JNRAAELEGHLRN ohl BlkcdiS

Theenéitdtioh sadtiohdnclaggl 4 weduoisoldr KED malelt BTE-50E390{19 BB%
The qgptical detection syst em has two sections:
Corphasiarlight niremdhabEethassrpeak emissopcaravalongth & dOPngnwith a

lumiﬁé% ng%glt%of & E@ fﬁldoa.r V1E\§ng_%g1%l of 3 5o Rt ?c%sisﬁvere

At sour ce LED has a pea
obsa@vidssien the\@healqmgt Iduc)to the Oiewmgangie af thedighhsmsce. Therefore,

of .6 cd a and a view angl .1.
to colfinalthe b ngareof SRR B Bikor S e BBy oA Coflinglls
mm Rt the DHETE Wi ITROE QuiFicetvid thérOiMitch Ol K48 aluhiahef Bi®

to collimte the light, the top of the LED plastic
abragigo statenproof papeppnd pelished withial dopwentionsl dismend paste: he LED
chip. The cut surface was then flattened with al um num

i d . i 1
OO R o A Bl Rt THET Wi g or
bothglotifrmatapthe LED light and fc(cﬁlmmg ahhe sdnnile.) Thedeeseshact d or
both .caol limatin he nd foc at_th
ol &3S Erra EMRIAAE S T, SHOR BHTGRCR S VAL of
0.68f esmmdtmggm ﬁ%ﬁn &elﬁrmnsaﬁaﬂs RSB bicier E’@@’VG/W)@(Chroma
[lTimated light Tfromthe first |ens

Techd:@@g‘}’l Ih@ hrref&beqd byxtihﬁ ﬂéilrcEQ' W@Wﬂ"ﬁ‘l@%—@h diyered D'@QW%W

fl.ected rror. .14
bya d;oeve?p{t aaﬁ ngﬁ% ﬁuac? E lﬂ.l%se a{j %h% }:?ar%aﬂ)lge é)nrp\llnetnrtest br?’at?‘g sec’ond lens
theréCRofSRE adtfirchRe siEpaRPlf @x@faublm ligktesith bmatﬁb@eﬁﬁqe@ r;tni. e n s :
thereby formng a circular shape of excitation [ight

wth a dianeter of 480 m Q&JﬁFgo The detection path
[OO%Q]ar t Bap deftackion prihestarted vids codlertiaroef empitied Hyersprent i hp@*mfrom

n st oy RRAERY R el RS AN po B8 bl SRR mh Rl
was ﬁﬂna&d |bgrenf1sd1¢mﬁlt&'[ESIZB/SBEm anikcotlettcé by adilinpn pheiolioden
BPV%]I ( Pe(rjrlefr)l(sj e[nc ). The 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 (photocurrent) 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
SolidWorks 2006 program (Solid Works Corp.). The size of the housing was 30 mm x
. 30 mm x 11 mm (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

16



BPW2I (Sienens, Inc.). The radiant sensitive area of
the diode is 7.34 m2 with a quantumyield of 0.8,

WO e®@8loe408¢g i n an optical sensitivity of 10 nA/ PRT/SG2007/000272
(nanoanper es per qu). The corresponding current

w38 ToRhE ol UnthsBer brrnars SRR s o
t he photodi ode. [0091] The conponents of the system

[0082] e Waalrasiic abhcytog@pn o¢ tiednfegraesicdetRtibe kystdn® adsefubled in
stabl e and co system _using a conventiona

metﬁlolwswg shppingd loca’frfél ofi{be EERJ1806 pousrs, thsptopessing lens and

e GRS, TR LIS AIR i im0 g
lensodre hbtevikibledn tig piatogB8éphom x 30 mMmm x 11 mm (w x 1 X h)
The housing was then manufactured by a conputer

1008311 Fif Mol Lb oy SRR hist o el i@t Bgrsored in bolh the
excitftbn2ed CA{sRIAEER o RY sEOWE I P& &ald.y bl ackened to

suppress unwant ed i nternal reflections. [0092] Figure
5 is a photograph of the integrated detection system

Tabf genbl g4 . ed? h@zh él%fﬁlﬂeogﬂ gk hc%rA Qs QP 1f
& LEDE):{?O% ik é’%on © “f Pg gﬁt b

focussin
preanpll opodlode detector i s nount ed.
The filters and nnllrwnflnn
ThEmﬂ@hhﬁﬂhl@@MEV

The f ers l ens—are not—Vi-sible in

Opfiigl s eha@Rcitd i3] at Rt PeWer
measured in both the

as_shown in Tables 1 and

of all conponents was exct Ztron
properties of t

and em ssion directioh,
he excqb@tlon
aorescence detecti on

Iiﬂighh@béthbasured opt { cal gl
?Transnissr

compaonenfs of the fl
(kﬂﬁgghﬁ§%n§onponent (exgitation) on (% ¢
100 CoIIrnatlnq Iens

ative Power LED (blue band) (
Bl gﬂﬂﬁ excitation|filter 95.86 D chrioi ¢ m rg.or 99
u%é(%%‘tonventronal mrror 94 80 5 ocussingllens 9 673

path 69 51 Tptal 51 ble 2: Masured

Ihdﬁ@{lcg% propertles of [t he deteCtion conpgnents é? t he

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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fluorescence detection system Optical conponent
(detection) Transm ssion (% Relative Power Sanple

wQ goosemob@and) 100 Lens 91 91 Mrror 95 86 17P&I8G2007/000272
2008/ 024080 PCT/ S&007/000272 D chr oic mrror 98 85

+ o O7Z-.Q90 aaat bk ~Q o I

£ 1 Tot-a
Geefr—emsston—ftert 97 82— Wllbal PatT 0000 ota

Diclabic thi?¥®4] The overal| optical 98ransm ssijon of t8se

‘F | unarpcrnnnecrn Ant Aot evetomaawne farirnAdA + o |r\n J:1 0 and

o O t
UUT COoOUTTIUTC T OO OoTT Ol oy\)l. CITTITT VWS LA YA L RAY ] T TAAR % LELAY%E

Gre@bSmissiog filtet at i on and| em ssi on9di recti ong. Mst gof the

commonents showed an fficiaeancev _of 0004 o hi aher The
r.l AT T T Ll T A~ ] UIIV] A | A AN A AR Al Tir Ullvl O T

Optis¥Ifaetr S opti cal perforrmnce eoul d be further 3¢

Lnpr oved h\/ conbi ni ng lenses with filters and

Totaqmuntl ng them directl y to the LED and the phot ogigode.
In addition to the reduction of nunber of aptical

interfaces, such an approach would allow for a nore
[0094npakhe oveeall eptical trapsmassionpiithe luprasponeadstestion Sytiem Fres
0 o] 00 f
foungﬁé ;bg %ltlj r/dro%r(il[Sﬁ/L 191 e?c% tat%% Oa%[dﬁenlugﬁmﬁ H? cﬁgg% A (!t%g of ﬁlrrp?ove

compdreenss iotved b eﬁM@ey bﬁPO% cwaﬁgheﬂm‘mm@ﬂémth opitetl
previ ous detection systens, rect apprQach based

perf@*ﬁiaﬁrc@ rowld e furfher ipprgued ‘a%gorﬁ‘a@uksééwea waaflserpndrovat |
mouf} ﬁ%th%%ﬁg@cﬁmcﬁﬁﬁé LE%?? gl@ﬂlf)ﬂ)@ode ?x ditibfto the reduction of

anplifier was use
numbsér alophod uhtatfesss dwo du hppresch Weuldiafjnwl for amarescpcgm}aict

rocessi chain .(ref Fi re 2) (see Scofield,
desi mcj‘.”as}i%all Prallsé‘@ 10“6%0“&%5? Ofé‘%i ¥he 1ight source
(LED), is first nodulated at frequency f. The

[0095] MO AGREQTY, WeraklidsiedfRdhotubaids Pas ind iusrtechnique to
all owi ng only signals at frequency f to pass,

imprpge thersigngl-foneiseragn vas gtﬁaleme@tqﬁ*of@eprﬁﬁp%det%m@n Systems 2
dlredt b{bdsQd ;Henén!l\qg’ deVLc%? %64 bﬁ%ﬁgc{'ﬂbgﬂl 5‘\%&1 Lor

Was power e current pul ses requency 1
Doccbh-ﬂz, Redfu&y lzzyﬂ:um @9991,0’% ATP-8764)eHereaaPbik-ind &'m‘fphﬁ&t)@as

usedypich Ty PR ERP Y S e i) Bebseife gutin frterto
Figur@b) QeeSchield 54, @n@bﬁﬁd 1@9@0@ r szpm I "BiteQight SIS is

the desired current suppl 3/
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 ultra low bias current operational amplifier OPAI29 (Burr Brown,
Inc.) with 3.3 MQ resistor in a feedback loop. It converted each mA of photocurrent

into 3.3 mV of output voltage.
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LED. Cenerated |ight passed through the optical system

as described above and the emtted fluorescent |ight
wor®sdetect ed by t he photodi ode. [0097] The  PCT/SG2007/000272

photocurrent generated by the photodiode mas converted

Vv ultra | o |as c nt
10088, 7 oo b Al Yt s s ) STB i bgss e
and 3m§11ﬁ/&£witﬁ3hes b4ih of NO@ELY & @éi)bﬂ@ ktab® @peratﬁdnac anyefidracia 2agf
photocurrent_ into 3.3 nV of out put voltage 18

hlghw%ﬁbg/@zmes*@d ﬁm@@e&zm@m@meﬁﬂ@ signgb gdichris aceasgrry farey
prof¥ il O RSB IITRE ARRiONLS, BTl EpBefBOl% g
dhmmmnﬁﬂpmmmﬁﬁsauﬂmomwﬁﬂwfm%ﬂmﬁﬁﬁanmhmth@hgh pass filter

elimnated the DC conponent of the signal, which is

f f t the | k-'

oo fubikasfes BA3RT cenocsredlirt gnaiesdnge,
(Anﬁg%me%&@%@ ), RS e AR bbARrif tHefLem%;a Péf@reﬁ&a The

ient Iight. %@pQQ] The oungut 0 QA2 was then

dempd@ates getdubyasfifand ty kdovw passdeRo of ¢ }Amadeo gihmmncﬁgs:atmn of

l.nc. whi ¢ sed se owe t LED
AR T R A L Lo PR R
ﬁ‘eqlhéih‘dy pastefdrehdeal EDkightld MiedBlthe ﬂ'elﬂoﬁxf B&mfpa@slth@tsy@t&n(ﬁ

lock-in anplifier worked as a filter with band pass

relatiijedy IF?S‘EﬂSlUI’eFSO ppbignp light and ethrer aejse pesjributers. r ef er ence
LED signal. Due to the narrow band pass the systemis

[oo1od]at i Veb¥eiaghs FHe‘é%%a{b?l1t?'6t?’ﬂ‘f‘enﬁudré&Qﬁt s?&gnlgg REbs

noi se contri butors To denonstra
expegigprals wastperoimethesing digfeest emcesirsti@nofilwetsceifi. Fluorescein

. er f orned

R S R

applicBBor¥Dadd 1P ekiabitdd ARlieHLEHIbadhitRSefitee inded thdtiogliRiBhedded
and bi ochem cal applications, and here exhibited

in ths &flavgns Hescobediexnengneatst ect under the conditions used
in the foll ow ng descri bed experinments. [00101] A1 L

[00 1?){13 pl et Acp Eﬂ %@lg%ogfa %ﬁ%&%@reﬁ? Q@ﬁ%ﬁ’&%ﬁnﬁ 1P ﬂ85r6§cel was

or escei uor i na
place] @stop ol h@bffhio@mawﬁ igtd3s W&Strmtﬁ,lmhﬁﬁ wad nididtddas e fopdlane
of1éhe n]nlatarlzed flugrescence detection system_ As
plang af the gjpisturized fupressence detprtionSysiem A ﬁ@fe@m a control

samﬂ@ e AR Dol Phe-iMRRN(D atHIS\%?s dgego 102] To estimate

e probed volune, droplets o ferent vol unes
ging from5 L dowm to 0.5 L were initially used.
[001|0t2] was 6pseimetd theprobedeolampl droplets of diffaréns volumms esnging

fromt %@]p gf"ngg pgo%gffege%%}tﬁ ﬂy ugedt ewegsro sler%ted ’?ha% ‘S‘ie amp?ltude 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 function 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 using a dilution series of
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assunmed that the probed volune was smaller than 0.5 L.
[00103] The dilution series started froma

waeosentos@t i on of 50 tMdown to 5 nM The anpPCT/8G®00hH00272
the fl uorescence signal was plotted as a function of

MU BT P
mdl?’jl@héi%ééfsur%% entd"Por tﬁE ]g E&Féo&éﬂdeﬁﬁaﬁ&?» driéH Ear@frepl resent

etection uorescel n was ound to be

the s‘tbhda{rﬂQibOéhoﬁ;l thersolid lsheripadineat egrastien det ©cOiRRP)l fonthe
using a dilution series of 19 WD 2008/024080

meapgrlussihe Aolid berizontal s é@mwtherbankgr&und &ftﬁ?o5e’bl’ did

v s R R R AAES (OR R0, L3 Ty Eimicton o
the HRAF ¢ |E§Id Wlich e Bgcl{g%cﬁqdﬁﬁ ?g“SNRf?ufck@d%Qsafh% LOD of

evl a Ine IS a I'near regression

the Q}uﬂ%}lzécbﬂhdﬂ@scdﬂi@élﬁle\!@jﬁbﬁssystéh@ wiidh § o6 lﬂdnﬁaﬂuritimﬁof
denotes the background of 62.5 +/- 1.4 nVW. Three

the deteetor ot §n2 V. detenmings thaupper mactsan limits whighcorrgsponds

i nterse .t|o | i near regression with the
toaﬁ&@ﬁ%ﬂt rl:r@%gdmﬂg SNR 3 indicates the LOD of the
m ni at uri zed fluorescence detection system which is

[00 1305? 6 n MrheS@én@ftﬁzitw@ t&f detdcfiSn Qﬁs‘t&ﬁ k8iild %&;‘&ré’asvd by

erm nes the upper detection |im t,
incorporatioswé Al gvalenshe pbommlﬁrH@W@wrdhlsaowomwouﬂd)qusye

The ,se of the detectio S .
costiy A Lol Feclve A Ro R RGO CE R EniBbasea
capiRA9 eRdirosiRredioweieats, babd ¢n ﬁ@érliﬁ(hﬁﬁd Wootescdaee (Fetypically

costli( and the electrgnics require a nore

| e
reacly b pMykODEsFhaslavigeslesethed 1 gg%gpntxélggqom hgs o LODm\)falue 1000
times }11?%51" REOQ{I%%EE %{S%Ilﬁ%lt}bﬁ%ﬁfh&&t ltcﬁﬁeeﬁseﬂ @&%Qldtlrﬁe PCR

rescence ypi cal reac
applietiorses deggcdl bethmenciahP GR spsiemibbsedi cra PMQ”I 3 haODsenaitivéty

. .1000 tji hi gher. Nevertheless, its sensitivity is
hml%‘?ffaf‘?uélfiérﬁ%t o be used for real-time PCR applications
as a typical comercial PCR system based on a PMI13

[0010%3 2 STHIedbiitiae theideickti®f syatepttpdpicabllity, ML Oe]resbence
denonstrate the detection systenis appli cabl [ tyJ t he

detegtapoméisrasrigiestagrd with p SFRuANE, RAINE ArRigiafrEgd wpAHe PCR
therrﬁgé Ier %(??éllf(g’gl &%?Fﬂ%ﬂ 1iv% 61 ﬁé‘ f fhlk P f}ﬂ%ﬁﬁ&%@é@l er

curve na ysSi's t he

Flglﬂé Oyihfd B ulsetumd:iThersemple was cdvéretl thhl 3Jp19 of Thensahgl ©
was covered with 3 pL of a mneral oil to prevent
preVéQﬁePﬁél?QS@tF%

[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. Its negative
derivative (dashed line) indicated a half melting temperature of 72.5 uC, which
was close to that measured by a commercial thermocycler (79.8°C by DNA
ENGINE OPTICON 2™ from MJ Research, Inc.).

[00108] Example 2
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[00107] Figure 7 shows the result of a nelting curve

anal ysis after performng a real-tinme PCR of the HA
w@eos/0sfost he avian flu virus H5NL usi hg EvaG eROT/SG2007/000272

(Biotiom Inc.) as intercalator. A nonlinear fitting

id|] . of . t I b
100454 'gm%ﬁﬁ?wﬁw? ErPRACE LR SPREECR Pl oo fashintd
silicd@rwasahddeeinG Imen&)overdés@me@dp@cam abtbctionl dyktesh.
tenperature o uC, which was close tot at

mi&sured by a cormerm al thernocycl er _%79 8C.b
[00%4@) NE cibere-chmcomnact ragtAnopons sekitigte RT-RER devwoqésacnbed

09
b s L L N T i PP U i £ g pt2d ")
emboidonentndiniehsienk ofsliol dne Ghiametsr)rradlem (height),poittad weight b£150 g,
above-descri bed optical detection system [00110]

, t act, .aut ono real -tij RT- PCR devi ce
100 B c s TR s RN 6 S iiaeE Aorerceniy detgstion
syst6id anWall thel ¥l diids rRbesé@yTor BE s%ﬂerﬁ’s%@ﬁﬁgn BEReRBRET |
di mensi ons of 10 cm (di aneter) 6 cm (height), with a

lighhernigtme dipdg 6H0gm pfwmqtmm@aw@mgﬂﬁ it pquered]bjegtmd

L T, e

procegsed dlyi adbck-Thanplifies ek the ogtital eystdrh inigpeidegeofah@femtm

. . peak excitation wavel ength) Is powered by current

hghgm ses wWith a peak anplitude of 100 mA. Photocurrent
detected by a photodiode is processed by a [ ock-in

00 [ifi [ PR &g{%g glg&t,, f

[ ?r?bil ent(ﬂll%%%b‘a&e Oll%]egl,%\é‘didg Ah %g{@t&éry ca‘%1 bés%eforup

to l%boms asiibe ednsnmptge bEthe device &s dndy 3 Y Thecotipabtonimesof the

nerk BB GRS Sp SFNES, b pbotafne <ot
consurrptl on assure its portability. [00113] F| gure 8

[00618]ws pliFgGr8ahbS/s @ﬁob@faphb‘l of tive eyemecydke \deties; thé rrow
oi | -cover ed droplet

arr anel ) poi nt n
(top |Pﬁn§)1p‘2§l("1tstt1§é€ Oy &k §r %F@@ffﬂR tokes plagg - t i ne
PCR system consi sts of thr ee or four printed circuit

[00 'bﬂﬁ rds @B@@aﬂtﬂrﬁm *é}‘stéfrﬁ RORGES BFthréeQQ Halprith& dirRit PCB

hosts a m cro-machi ned PCR chip, which contalnsath
boarfly (R Bblinked datcennestads.t enper at ure sensor. The opti cal
detection system (descri bed above) is attached

[oopﬁgeat h TEB‘?O}JD PR H050 2 M iSRG Fer Ah%p, feng gll{ah{s Whin

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) filter 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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with a peak em ssion wavel ength of 490 rimis used as
a light source along wwth a photodiode as a |ight
walewsoromsd Light was filtered within the det ecP€DRG2007/000272
systemusing a fluorescein isothiocyanate (FITC)
001471t e"  s@le-crd QR J;;Eg ' PRL| -
[ det]ecti on sc3r/sstem %Ogg%ere aio@}ﬁﬁlgslr‘%‘ﬂ‘ilno%‘fﬁ‘ggg V\‘/fvlhlfﬂfl] an

depigtspkass selgions of B opfical defecopisntyn. dthe lights genetard Bytayo0
nce, sj.gnal. _from.the

cycle of % The fluoresc ) e |
m G HEDy Bospey Fane St gl 60 by acaptrote miror and
is fodfRbd bh 86 ' | Ve Khk PruBfRLdnt 1ight
" .OTher ef or e,P(%iﬁgalhelgg%tsiﬁgﬁwfsﬁg}tﬂg%tsgea% opé%%glu un%ﬁélg hgﬁt
emitgaddian the Jagiple iszollowtedondie0aOpt s BER ffsdiBfoR Adirror

The.cross-section of. the optical unit is shown
md{l%p%%é}l}?ré a@fll“ﬁ/\?gel%eccﬁe pﬁ‘&“go%i)é)%s sections of the
optical detection system The light is generated by a

[00118) nnSigavEpreogting t&Dhe PasEesent (i@ ktdondudibd s the dc6hd
is diverted by a dichroic mrror and is focussed on

PCB, whicperniginsnalogpe girenits fordhenmah mapagenesnt gpdagrescehes data
proctdsi@r escent light emtted fromthe sanple is
col "'ected by the |l ens, passes through the dichroic
mrror and a green filter, and is detected by a
[00138bt odi Sheteni@etuslof Sie?ER spitem ésmicasyrdddry drhiategrated

.fluorescent unjt i ucted at the second CB,
rsis g O Pl Helekih P ELOBE it toffed R i AC powered
WhehB10ag BiIegd. Tae dignb o6 966 BE8e SR lathpl ¥ 668 2eMSdu158@ oL 9]

The tenperature of the PCR systemis neasured by an

providgpd Yy yalug for temperatiyie Eedbanker at ur e det ect or (RTD) type

of sensor connected to an AC-powered Wheat stone

1 dge. [ i g (1S i fi n

i S B R R e R
dissifasetipracdt Wil §R(jealbh esiPCR prapopiomal-integrhilsdaivativo(PIpy by
contrnﬁdul ating the anplitude of dissipated power within

Ph¥" heat er usi ng a proportional -integral -derivative

(PID) controller. [00121] The third PCB is connected
[00126] a siTig @B @UEEIsYoffectedabarsaic Bittbry 8L AR nd! |

t he necessary power for the anal og and digital bl ocks
generges taﬂéh%%%@?sa%%wi?r thg @nalog armhdigitaldhlagks ol the often/i ce
board¥Rybe controlled by a conputer, for exanple equipped

wth a LABVI EMm system

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

[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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[00123] Alternatively, a fourth board containing a

single chip controller can be wused, for exanple node
woORE8e3MEB ( Freescal e El ectronics, Inc.), nmaki POI/BGHE07/000272

entire thernocycler device totally autononous.
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touch screen dis fesu
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di sposabl e m croscope cover slip The perfornance of
a 50-cy
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real -time PCR data is shown in Figure 10
of 2B pi¢les, ydiich ip in ygmenes vot1ibe desPEThBERICTINM @@3HEercial

ther%% soased PCR anplification was perfornmed to
natrate a fast real-time ther nocycl er device. A

50-cycl e reaction was conducted in |l ess than 15 mn.

[0012X]126] Exhmiple3 10: PCR real -tinme fl uorescence
intensity data (red) and thermal (blue) profile (top

(00 TR, ) e Rt Hirtmey oy deyiar oS Lansidn the appeto analysis of
I
an i RANBREasW RT- Fdl@gé@&ﬂ&ﬁalﬁ%{%e tﬁ% ﬂfeﬂn&%%?@ %9%‘% ;Iblae

t hernmocycler. [001 e por
deumﬁéﬁaWé@yde@Ctld@Of B¥Anisglatedstaml tHemvianheflgeme viras (HSNI)

win PRUSAN Bl Ok 2GR L RSB o S E
devettgied at the inwifutRIAM dedutdredd UelBiblagy 8Y 5@Ba &3&8.‘ uenza

Vi rus (H5NI) using the RNA Master SYBR Green | RT-PCR
with PCR priners devel oped at the

I
100120}, | + 0TS iy o1 aptiviahon s pRFTISE K bhyC dor Bmigambis,
folloﬁv@@ ia? Q]hoir?c@rt rg@g@ 5@ %ﬁ @) %ﬁlﬂ%égﬁ@n Yt SBq;éI? Eﬁ% s 61

m n and a ho at 95 C
cam%@ut:a@ f@lowsnﬁlsmfc 9& écl(dmaauemmﬁmm 50y°€] @anestiag) and 20 s

enaturatlon) 15
ot 7208 (kB8 O IR SR e S ABE e eruriony was
cond@te@withe thoRtioyu ehte 0@ 1\Wasf Mk shadimdBl ki, ﬁlﬁ'e\’é%% the viral

analy5|s was conducted with a transitionTate of 1 é
RNAwas T4 t ot al time necessary to detect the viral RNA
was 14 mn. [00130] Figure 11 shows the result s of

[001Bep! -t 'FiEuRTI PR wshe Qesgﬂseoﬂ%ﬁstﬁ‘ﬂé EEK{L@R %ts{ﬁ gsent

t hernocycl er device to detect t
mlm@lﬂquébﬂbmtohy@sﬂ@vebefto detectethe EXSINArvimasT fﬁfmﬂtfbal thrd3Bold dor

detec?h&% 'W%g fou\ll\l'{al ge 59%% cyc e rll gh (t:orl]'reesggr}dg (t:}tlel c?el:c]ec:t’tll()lrlnte1n‘?ef ofllfi 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 pL, routinely being 1 pL. The PCR is conducted on a disposable microscope glass
cover slip. The present device is capable of detecting infectious agents like the HPAI
(H5N1) virus in 20 min using a SYBR Green I-based RT-PCR technique.

[00133] Thermocycler and thermal management: The micro-machined

silicon PCR chip described above was used. The thin film heater and the resistance
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[00131] Exanple 4 [00132] Here, PCR anplification

usi ng the present thernocycler device is described.
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ridge output was anplified by an operational
anplifier AD8221 (Analog Devices, Inc.) with the gain
[00 to theabdveeseaxpprmlﬂﬁeéﬁn ompertusisgrsivitest abbetr80 mV/°C

roc eno, at.or AD630 al o
and BlRRaRE bENAR, HEOTE bt e S re b Py B AT e o er
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oo £3hf - he At t

L Joa l e hgg%@%%qﬁaﬁ&?ﬁgﬁjg%ﬁ cr?s’dd}?% a‘?ﬁg%;gié’g 13%% @I ev

signgfbyGhe PH.W:omtﬁﬂthEi]he‘lhw-télmlhm@rcommpmms ﬁﬂhdbpoﬂlble by

ulated (PW) signal by the PID

apog’%@ﬁ%&nﬁg I ow-t 0- hi gh power conversion was made
possi bl e by a power MOSFET transistor. [00137] Figure

[00187]i s aFidurel2 6 aglaridirdn6f G0¥Bplfe S¥ehesr@E t he

t her nocycl er_devi ce.  The top panel represents the
thermpgichas devigs %@ﬁgﬁpane{ FPresenlg 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,-12 V,+5V, -5 V 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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panel represents the optical signal processing setup
and the bottom panel represents the control system
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housi ng containing the present optical detection
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t he. anal og PCB via a direct connector. 24 WO
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th a single chip controller, for exanple using node
PC%&%%&%@%@”g?ﬂé%scale, Inc.). [00141] The perfornmance
of the thernocycler device was verified by the real -

004 4 det ' T NN [ g
O o A e Br S ard ok " iR ARG RGeS 5

pL off Wzm WWhst each B)Yaardamllemvérsgmnats @ﬁth‘%Tﬁlra]ﬂCR
Kit f , . .[00142] S tion: T
conGEalfEiEA G RV B el DITRAANSd- B Y KNAYIsSe SPR-
¢ .
Grofihh PR wEre ke Bbe P e Rt 1o At P KRB0 8 O g
wer¢ VaidRIGUERIIMi ellsarvhles of HBXBRurif¥ therS outhel¥ti AmEnSoumlesks in
by the Ge Institut Si Ggs
2004 PGB, 306 Yrdiiesat Hammes Hdre SamrBaBe fpa
TGCATAGH A AR TPCIAYCASA AXSHEIS’ QUEOITERAKS) - 1), redQ94nRE: 5°-
2005. The sequences of the prinmers used are: ]?or war d
GOGTGRAT AL TG T COAPTARRATFSTORIANGS 2. AGSKS (HDpNG of
: ' ' - GOGTGTATATTGIGGAAT T-3 (.SE
21 Soplef Y5 LY A Rlo Pl TR NP MU OBy of 2ty

imme@itehylefdre s@artiﬁ% tHeQ8£tHOANTHE findl GerhplBtelcBh&ntd @bt WEs PO
20 L, immedi ately before starting the reaction. The

Cqmﬁﬁhﬁfotenplate concentration was 105 copies L-1
[00143] RT-PCR protocol: 1 L of the sanple RT-PCR

[00 {Hﬁt UreRf'pcr protocol: 1 pL of the sample RT-PCR mixture was
transferred to a microscope cover slip on top of the thermocycler and covered with 3

pL mineral oil 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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146]" Figure 1 Fl'uorescence signal of the RIT-
RT-PGRImv@duMW@ aretnd ¥gmigur ve anal ysis. The tenperature
profile of a single PCR cycle is shown as inset,
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Fi 14. itical ,
1001481 2 R g PR Sl A e oSt 5 e
the T 90 sdpfithi @bd)f dnd AifFsetivl Flubfestedge (H1ed)NTRe ffdlcBpy number in
00149] Figure 14: Corrected aver gge fl uorescence

20 fﬂh@:&(&@thw&%%r 19 §0§r9$n0ﬁ@mgtt%é BRNG mgmmhe(wém
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1 s SR Bt ot ERESTBRBIR D) o JREph R0 o
agre@@éﬁtaﬁmelvaﬂlemtal&% IBN@h &ﬂxhrﬁ&cia'ﬂtﬂeﬁﬁoc\/}%hé# offe 1 L.
he extrﬁﬁed val ue of e critical threshold was 20

LIGH?QY@E ER)-is in good agreenent with the val ue
obt ai ned using a commerci al thernocycler (Roche

[00 'HO(]}H- CYBhER k- FOR 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 function,
_ (- x)A — A

1+ E-};p{ 1% )
£

oy

+.d, + dex,

[00151] where 4, A2, Az are normalization constants, the parameter x;
represents the location of the inflexion point and & determines the maximum slope at
that point. As for the melting curve, the parameter x; represents the melting

temperature. Typically, the negative value of the first derivative of the melting curve
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[ 00150] Once the PCR cycling was finished, the nelting
curve analysis was conducted with a heating rate of 1
w@2@s8M2408he fl uorescent signal as a function oPCT/SG2007/000272

tenperature was recorded (see Figure 15). Measured
; [ | ' : : ' L.gnoi dal
s PR P ERHRoN ST @ripplit e (Y Su0onb8 S PR ARG 3
are nornalization constants, the parameter Xxo
[007182) eserfigurerks: Malting ourvesee FaguneflBusioga peiting ratechfid °C
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is mivBkh/dBhturbRAPREhHsared By B G318, ThiB 8orRE181AE WeR witd te Of
the first derivative of the nelting curve 26 WO

expeaterByahpuefsty rmesared by comarercialirealgingg PEB (Recke
i of r r gran-ne the neltin
IJG‘enpe?ggﬁre}gﬁggﬁgg%%fﬁlI%gg%g:(g%rting curve (gee

Figure 13) using a heating rate of 1 C s-1. The
[00183]t i ng Aserapdeanhderstood dfione dkitisd frihihe et ppenatodifications to
whi ch hal f the, ds IS nolten/denat urated, was .
the %&@Eﬂ&ﬁ%glﬁf@n‘%ﬂs@%@ CECIR BieRossiples Thginyenfjony rathes, is
intefdcAe6 bRChnYRLYA1 Qfch RodefcARASHEES itd xco%e NEfeihad by the
real -time PCR (Roche .LIGHTCYCLERTM 1I.5) with a
clailgnpi ng rate of 1 C s-1. [00153] As can be understood
by one skilled in the art, many nodifications to the
npl ar ' ibe rein._ar ssiple.
00" Sl ARk RoS RER L HEY S B BR de i
such nodification within its scope, as defined by the
claims. [00154] All documents referred to herein are
fully incorporated by reference. 27 WD 2008/024080
PCT/ S&007/ 000272 WHAT IS CLAIMED IS: 1. A detection
system for detecting a fluorescent signal, conprising:
a light source that generates excitation |ight having
a wavel ength sufficient to 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 |ight
fromthe |ight
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source; a beamsplitter positioned along said first
line, said beamsplitter reflecting said excitation

wo p@h2408@nsni tted by said excitation filter aPONgGz007/000272

second line toward a mrror positioned on one side of
said beamsplitter, and passing emtted |ight

wHREf 1sect KevidipPRy said second line; said mrror,

1.

2.

positioned to reflect said excitation light fromsaid

be ot Ld: f - id . l e
R L L L
second lines, wherein said mrror further reflects
emiatlightisdureghthategenttated eatitatign light bvidy a4 oalélaesth alffitgnt to
sai_d .?ec nd line.toward said beamsplitter; an

et S TPPPRGES e s4Rifed al ong sai d second |ine, on
a second side of said beamsplitter; and a detector

t hah efléitatioh Sileapskititiel bRMglal At lide A6V 4B df Qd SRidtion
emssion filter. 2. The .éet ection systemof claiml,
whigkt paid gxeitasien filtepiransmitting shexexgitetigrolight fivinr thedighs.
Thg%rggé.ecti on systemof claiml or claim2, wherein

sal i'rst line is substantially perpendicular to
said second line. 4. A detection systemfor detecting
a & beam eplittertpositigmal glomgsupt fisk Hge, saidltiegitspEfetreRediingt .
generates .excitation.light having.a vel engt h .
Surss Erampoh fehSramppinegth auf Sstigien Fiea Saceondline
eXfoviad b &b pdsBtione@dhlohe Bl ok bl | ng
a path of saiic)i excitation 2§ V\%E%S%%/S%lgﬁ%%égd%ﬁhg
pPCTnsted it vilected along ghid seepmiddinexci t ation filter
transmtting the excitation light fromthe |ight

SOUL gL : A I idter .positioned
a1 o il G B Fpdid Fifeer 8 BIBALR el forE u Bpigh SRS o
r efdiéftiomahatedx edid sdrgln aldnghtthird lisaimdrihhlue behwiEfitsand

said s le along a,third. ljne, normal to both said
F Pieo RSy e on futthel SRS e omited Pgbt gy alone
f ugi D@iirdriafel 8658 sBIbdbAE 1ihe BWarg Til bEdn @#1 hg. said

third line, along said second |Iine towa sai d

em ssion filter; and a detector that detects said

end™t §1B§SIPR difer posiipsad eload swig ssednd linei esi sgvond bideof said.
The, L. system of any one of clains 1 to 4,

furt e%ﬁﬁ%ﬁggﬁsing a first

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

The detection system of claim 1, wherein said beam splitter is a dichroic

mirror.

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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| ens positioned between said |light source and said
excitation filter for collimating the excitation

wo 2@hi24080 The detection system of any one of BCEHRGH01/000272
to 5, further conprising a second I|ens positioned to

f OGHg, §ﬁh%x?ﬁfﬁio‘h%ﬁe? ﬂaﬁénﬁﬁfg{lgr’[ﬁéé g&tl&}{ li fﬁ)_}n thIehl eght

conventiona towar
detsemte wway atreimopf any one of cl ai s 1 to 6, further
conprising an anplifier connected to said detector,

for a fromsa detector. 8. The
detagf %@%&M%Pg‘éﬂi}o%%swniﬂﬁ?’ns 1to 7, wherein
said Ilght source is an LED. 9. The detection system

of s&ili3hifo8, podIRNEd b Babd shifilextitatidnYightlossaldRioraptsbreai d
excitation fllter and said emssion filter are each a

si ﬁgﬂéammlmastmdl lingy normp! totheth spad St iand sajg seqond dines,
cl [

exc it SO RpERRBLErezc oy Hu bl ol N e
fTU|aIdn@|s@1db§a&§hd1&EeStoﬁvaﬂdts‘afd emiddion fiher; ded ecti on system
of claim@8, further conprising one or nore additional

S|n V\,herel sajid excitation filt randsid
P Sefestor frd eihos Sed caRteLRIE Feriiatd by ftid o ien i@,
and wherein excitation |light fromeach single LED.is

5. 1 ndih¥igeiealibry systad ot ﬁy@ﬂxe%‘ﬂ dlagtearpelih %ﬁﬂer chf fn-gﬁ@ a first

detection system of any one of clains 1, wherein

lens papitionkst eatween $agd hghtgguwlgb@g;l eatoon ﬁlter for colhmatmg the
exmfggﬁ? 007/000272 phot odi ode. 13. A thernocycler
evi c corrprl sing: a detection systemas defined in
any one of claims 1 to 12; a sanple port for receiving
6. a Jangdktectitantyaten n@any dnkwbrlaphot & 5 sfaitliersmrrmlrisingmcaetond

03|t|o sa ne w
tens RSP Grfor iR Pl i TR e e fimor
towad als8idllsammplieat er positioned adjacent to said sanple
recei ving port for heating said sanple; a tenperature

sensor connected to said heater for detecting said
t erfpedeteiien Bfstens of anyrnagoé elaims } (o rfagheronyriginglan

ampHﬁQP&%ﬁQ&e& RREEE&GLL0 i AbLRRA £ S AR £ 5D defictor.

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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processing a fluorescent signal detected by said
detection system a user interface nodule for input
wanesoutoput of data; and a power source for pP@ERGLIY7T/000272
said device. 14. The thernocycl er device of claim13,
pho&%&%ﬁer conprising a controller in comunication with
sai d heater, said tenperature sensor, said fluorescent
signal processor and said user interface nodule. 15.
13. TheA theemnoysierldevicd evinpdsiog: cl ai m 13 or cl ai m 14,
wherein said user interface nodule conprises a touch

screen. ..16. The the cycl er devi.ce af y one of
cl 4 ecﬁfgnf%s-[ ,asafé?%l aQY, PR of i ctff?:llaer device is
a hand-hel d device. 17. The thernocycl er device of any

one sainptd gurtior etelvingd § saniple ceitAinf Ll RFoFlore QMY athple
a battery. 30
port pos%ioned to place said sample in line with an excitation light reflected

from said detection system,;

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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