WO 2007/ 083138PCT/ G82007/ 000174 1 Tide: | nprovenents
in and relating to i magi ng of biol ogi cal sanples
Field of the invention The present invention relates
wd Rohfi§iasaadi ng of biol ogi cal sanples and mpeycr2007/000174
particularly to the detection of |ight emanating from
fluorescent species present in a sanple in order to
study the structure and dynam cs of such a sanpl e.
Background to the invention Cells are highly conpl ex
entities and their study requires the collection of
information on nultiple interacting conponents and
thus multiple parameters (nultiplexing). The
conventional approach is to use nultiple fluorescent
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NADH) t he sanple, and matchi ng detection channels
~_(for different em ssion wavel engths) to collect such
Heldjopthedekantieh  one channel per |abel. This approach is
generally limted to about three or four (N=3 or 4)
mul ti pl exed fluorescent species due to the spectra
The pessesShvention eslhtaptoothe ihagihgbbislogird] tamplespadtmak particularly to

s ctbon O EPapAEa A T RS SO st st imgncer
study@?é’stﬁ@tugé sid @Hhﬁ&‘%ﬁs@éﬁ i hgghasis of their
f i feti

uor escent me. Again, thisis limted to a
nodest nunber of detection channels at any one tine

—_JgéggééﬁéggggﬂgggventionalIy t hese detection nodalities
Bac 8n different instruments and the
i nfornmati on obtai ned nmust be correl ated bet ween
experinments. Furthernore, the neasurenents _have

Cells tayephighly | opripbesrentiigreanchtheinsardy aquivg it cotiggtienoat Efqfmation on
i@ SR 6l 25Kk SRTRRY Hkna S0° Ghibteing. The

| UOY esce ecl es

convehfibis® BRROSES Yo hieRinEigibleyexdidit spetesanibduatd fo (e.g. FITC) or
spectrum (in the formof_ a peak) within a shorter

synthegispd | g Hegartd) et AcseTds Sp&dt rifPEh b gample, and
e o
inforrieRal ohe shidnel pdA0aRA0 ThRERPRBECTY k20 71BDe] Yol alout ithree or
four (N==3 or 4) multiplexed fluorescent species due to the spectral emission overlap of the
labels and'ﬂ:xe spectral discriminating ability of the detector under Jow light conditions.
Alternatively, fluorescent species may be distinguished on the basis of their fluorescent
Lifetime, Again, this is limited to 2 modest number of detection channels at any one time
(M=2 or 3). Conventionally these detection modalities are available in different
instruments and the information obtained must be correlated between experiments.
Furthermore, the measurements have typically been made in cuvettes, which may contain

complex mixtures of several components.

Spectrally resolved fluorescence

Fluorescent species (fluorophores) typically exhibit an excitation spectrum (in the form of 2
peak) within a shorter wavelength range, and an emission spectrum (in the form of a peak)
with a longer wavelength range (Figure 1a), whereby the excitation spectrum describes the



probability of an incident photon exciting the
species in a ground state according to its
wavel ength. After a short period, the excited species
j y emts a photon to return to the gr
‘Né%@?ggk#he probability that, the emtted phofgﬁ ggwgmnm
particul ar wavel ength is dedcri bed by the em ssion
spectrum The fluorescence process is inefficient
and the em ssion light is nmuch I ess intense than the ]
probeliditst ef awAndidegh phetopleayitiog the, priegigh iy angrewnd stgte achending to its

% Jn ractical .enbodi t, a patticul S e
waviee ARy S itiodt T SxeiTelivep e RRICLE Sl gfEfe renomn o
the groGi s8fl tihe GrobARS tBat AR bintHdaghofrChdsad pificular wavelength is

waveband. Of the emtted light, a particular em ssion
descgibeddst @e erBBioNsPedand my be sel ected for delivery to
a detection subsystem (Figure | b). The excitation may
be a narrow band source such as a |aser, or a broader

_The faofscaty GRcss ehimsfictert anp theengssiokelghn iOmubelegsiyduse than the
fromwhi ch a suitable waveband is sel ected. The
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et ectl on waveband, since this gives a greater
laroppie g nbn toy Mératrye o ediichi aguitabls vehortlernti gsl selegietl. tThe emission
re sensitive the instpunment be to that species.
wavalai S wey Re Sested B F15PoF PG OFEe] BFoal |y much nor e
intense than the em ssion light, it is usually

_ necessary to ensure that the em ssion waveband of the
Sinc¢ jtlgve isniapicallyl en tayetiie batesntibe eeitationopedtrpn (ppd & yemission

ar t the excitation veband used . whi ch .woul d _—
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emplpyrpdireahemiztien of Aefeptionovarsbans sDpR BileglveT a Brats gxbability that
- . . : | -
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det ecti on efficiengg requires the exci_ation,wgve
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does A RERAE Bl ?%ﬁ@yoff &gméé%ﬁﬁ@& %&v@wﬁang&aé\&mﬁe&ml B@erwise
in poorer excftation efficiency. The design of a
overpieltni thel datectorbod icamset a tsyyi@al bagkgrowal wigsalainc theedhsknce of any

tradeof f. of _sel ecti on of excitation wavepand. and
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fluorbdaEhURESed YOinRest RS e Melcas fERW &RE&IHRBond MBerefore, extending
situation becones nore conplex, and there is a
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uorescent Speci es, since € Cchol ce Of waveban
width and location is nore limted (Figure 1c). In
any case, the fluorescent species enpl oyed nust be
carefully sel ected, since fluorescent species which
have excitation and em ssion spectra that are too
simlar may not be distinguishable. Furthernore sone
fluorescent 10 species have significant secondary
peaks in their excitation and em ssion spectra which
causes interference in the detection of nmultiple
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30 One application area of particular inmportance in
the study of biological systens including research
and drug devel opnent is a system known of FRET

(Fl uorescence Resonance Energy Transfer) [Berney
2003]. In this technique a ?pecies of interest is

| abelled with 4 fluorescent |abel (the donor) while

a second species believed to interact with the first
Wopre i sempiesingludrs| receripens FHoraipeh becier e silpaian hegpraps more

COH 6L REOLS)a ﬁﬁ{h%f HhdeVos &) BEtete SPitth e tldRidual fluorescent

sSion spectrum of the donor provide a spectral
spwer | Tyt Whet hmtetreg@whl sequentullys pectimanoed  afive ancdlegst Gemporal
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ors suc
sefztie@Rb at LOavoad eltérﬁ%mme aifﬂe@ istitkely terherzglybsmaﬁlsehﬂtmty compared

transferred froman excited d to, t.h .
e Y Sl QHTEBHOPBHE HEAdlT FHUT Ao TERaMGE ith end

lo&fibs $9 MBreafmiR@t(Fidufe] JOMAny 28sk, BRARPFRENIBYeclel @MpRFed must
used to deterni ne the exi stence or otherw se of FRET

beasrgelihyigelested nengenduarpeenlogestes gt date grcdtation @pdgnission
sp&rttgxﬂlﬁ'ﬂ %rX tﬁm dintiRy \?nely' tlﬁﬁlb% JiQineBERIRC tryurtl i ore thed ﬂh&escent

particul ar povver when uséed I n conj unction wt
spdddesphays elgsd'malprsobeEinS n Heimgkataengid ¢rpigsipn Snectra which

caﬁseg tu}ti(::r%grgnrce np %Clcﬁa%ec{rgn 9% ltnlﬁﬁgﬁse %eélg's %ﬁﬁt%% ﬁ% eclgzﬁ kEﬁnsntnnty

OF Ophores, one onor an
an&ﬂﬁﬂﬁmaﬁmemﬁ@r arranged such that the presence of
the species to be sensed nodifies the geonetry of the
bi osensors such that the configuration of the two

FlidreteER hiefeeor Sebiemed barghleBRD sirbpled tnhewemmaweemd and are
or suppressed. Such bigsensors sensitive to a nunb
avigfableany @ nymbes el gpraMerGRy BRBEEE fﬁér\]fét%é)énf’?ib@g}m%eéhemo

Eléb'tljoﬁv‘@/ﬁg)s tm’éiafécaho et ‘W‘ltﬂ %Hﬁ)ﬁa%e %Q@éion of additional

However the FRET techni que suffers froma nunber of
coppotsinesathey mag lalsdiba gp@hefdfas @m Ilm%glfilginﬁfiﬁlklit}h@U? erithlglaa image of a

lof T REG! SeldiCre 0Sgl 8 that
fBFRHERI, 97O AL, SRR MOk a3 b o
cotrbspuods tohbs ealoamnamred Ifcrrethathmmie Shitabl ﬂlh’orewemtgmcroscopes are
E@ u te 20 contr er ney. 2003] . The_su st ant :tabl
oG5Bk Tl SARARROCIR 3kt WO nG O “End SKRCRH gpiabl
coRP6ndnBlitdm sippHere Rihsds@RIpeaks precl udes running nore
than one FRET systemw thin a given sanple.
Imaging instruments equipped with multiple spectrally sensitive detectors have been
described (32 in the Zeiss 510 META, for example). However, for many fluorescent
species with broad emission peaks, the number of photons captured per channel is
statistically similar so that it is not possible to overcome the limitation of spectral overlap
and sensitivity [Neher 2004]. Typically, an instrument is limited measuring up to 3
fluorescent species when using the visible waveband (400nm to 700nm) and 4 fluorescent

species if this is extended into the uliraviolet and infrared (250nm to 1100nm).

One application area of particular importance in the study of biological systems including
research and drug development is a system known of FRET (Fluorescence Resonance
Energy Transfer) [Berney 2003]. In this technique a species of interest is labelled with

one
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When the fluorescent species has well defined
excitation and em ssion spectra, it is 25 possible
to achieve a sinplification of the situation and to
obtain sonme nultiplexing capability. For instance,
quantum dots are well known,for having a common
excitation spectrumand very narrow em ssi on peaks.

Thus a single excitation wavel ength can_be used with
(lugaspemd | labeh (the wopeth avhdlei assseefl Frecice beliqvgd feimgerpct with the first
sp?ﬁgseig ‘ﬂbeﬁ&?\%t §ﬁ§fﬂ&’hﬁ&@§9H§lLﬂyel (tﬁQ ackke r)rc%%ml %Eilected so that

uorescence alternative approach to detecfing and
theli estissigu sishirmg 6 ther damentrogpeei epscird evsrlapduthatie exedation

excitati,on energ t . high speed t o _exam t .
sorast of 1S ST ot B o7 SpecBR TR (o BTAR ABfmiy (and
otBR G408 31 3B RCIPpEBAMRARAOD ditdfaboreate)giten Mangy may be transferred

fluorescent species exhibit a characteristic deca
frqm ap 5%94@3 Aonghiohe acoRior I‘I%g%&&% Hen £ pBAIGT. Mg the change
in RANLRAGP Bsth tRedonBLihdxEdpidinhHthai e Rd ©deRiiniB itielexistence or
described as the lifetine (tine to fall to lie of the

otbirvise WAFRERtagf shusyl the Trp §pgsies fbi@rst gisyinslose grognpiy and thus
ikdySto! MUCS i Sticulhfly PhOEHR Ph@NusBX G LakjhRon with
ST ARSI BORBEE, Batioyy RLALR At &l LafLRon wi
bigsesgoagirelyeis svhare |4 flempimesenTitiveiriel dT partigyiem speciep go nhec bensed is
shorter.than ;12. Typically.,. ' Cl |
os G C 00 fBisaRhg e ing & B G5 MR Tes 3 an acceptor
arfahgadngcli et eerprasahceaff thdepeeint td edsepiedtnosbifidstthavpeometry of the
.correl ated single photon counting or TCSPC), .
bigREmORT 115G (DT POHIEIEIOR Bt PYh TGP £ sres M FRET s
cithért 8fihahbR BXGuppstbised PudhS Bids@soisi §BRsiFi®S @b Vi Gumber of cellular
fluorescence Ilfetineé or by measuring the_ phase
sigopiling spretendare heer desstbstt pllowpae pathwaysdo be sudigdh Pehpig 2005].
detection signal (frequency-domain nmethod). By
varying the time w ndow and applying the appropriate ]
Hoeveebt FRR, teftnimessentiospe ohsberrfprddems, mluding difficulty in
ST i shed. See [. r -
i iR R A BleropRiE B e cxiaton
aniMtichmeanemear dhanfdls tidughitlebss yarconmponndise dmll vothheirg adequate

e..g.., Rut henij exhibiting lifeti i.n the rapge, of
oI9S 00 AT b Saatal grestial SR Bt PP BBy and
ac@plRNgEit@ibn A58 phiRI RS pELRIeUSBRiHE ndle tHah @n8 CIRGITCY stem

research. These are characterised by higher
withiha gveR$anpland | arger dynamic range than those based
sol el y upon spectral discrimnation due to the
ability of the time resolved property which renoved
Wisanathe effuosgsdensspecifs basr esdb defgned raxsitation ragd  amigseqnt gnectra, it is
I RYE n tr.ast I I I et
pofET A, T RRREEE bt A7 B R by TP LBEH Fnd Rifplcxing
caibiihp| BortihearRb/RitEhivin damge: of!l kobec fidrdsving\secommon excitation
lifetinmes in the range 2ns tQ 300ns. Sone.bi ol ogical '
P A Ve TP P SR T Wi PRUGIEL Rerideet can be
usdih@ith §X6ial Rrod bdhdshossionaieed engicht doi @hitspéBRQnMIanebusly.
shorter) due to intrinsic species such as FAD and
NADH (aut o-fl uorescence). These species typically
Tifs RhdivedHuopdband em ssion with a short lifetine.
This may be used as a source of contrast w thout
Angdigimativhanproagh & Héteniing pad idisgngwshingalfuoreseet precies i to fnodulate
t he. er [ rescen cies iy Hesk .
the PRAEIRE B 3 1 et e bR Sl Th B on in the
emixa®@d On. rare earth (Lanthani des) are commonly
avai l able as tinme resolved fluorescence (TRF) and
nanosecond lifetime. A nunber of conmercia
instrunments are available for reading fromcuvettes
or wells such as 6



Per ki nEl mer EnVi si on, Therno El ectron Vari oskan,
Tecan U tra, which enploy flash |anps or pul sed di ode
sources. Suitable software converts the collected
del rves into lifetine estimtes. EXisti -
W%fpg?%sﬁ&%rmst be configured for a particul ar P?gﬁ}é%mg 00174
lifetime 5species and canno® deal with nore than 2-3
species. Wth appropriate selection of additional
, conponents, fluorescence lifetine neasurenent may
energy So/ang fip@eiced: aScciy dxiittgi agchandiiistiy detuys (angiad ifAgn a few
an irrsgge of a sanple such as a cel| or _tissue wher

millisecamd s than 2 gﬁ%%ﬁ@&ftﬁ?&%}{ﬁ%g@ﬂ@ Bassion which ies described
t . j
o URULERORNAS od Bl B3/ B HE ol AP ARALED. T cobtierUdl bo used 1o

distingnd$tuitie sgecdsnmrer ci al nul ti - phot on m cr oscopes;
custonmi sed frequency-domai n systens using gated
intensifier or multi-channel plate (MCP) with a CCD

In FERES 88 ex@floh POSE stRERAGH 1 5D 2 JE8P 1B YR APB O etimes T1
suppliers such as Becker and Hi ckl which again

and p@y whemil't lie el ebextar ythanoE2 .- Typiedly s thimgfunoticnompy be carred out by
lifetinme estimates [Minster 2005].. However 15t hese

pulsigy (5 X S PR R R SR VRt e SR DRt g gorrelated

single Qo cornShgn 6f ?mm%%@&%@metli AESdcRIMRN £ time window
Kinetic processes. FRET is a popul ar application for

afterf thgoredaitoncpulbs (@t fime wedewhr Enemscenspsiiteime) o fyempsraring the

I ence Lifetime aof nor._is reduc en. i e

phas% r%@e ﬁ%tgveg? %y g%ule%l% fneo(alélgcee ptoor-c2g" d( Fg ue?eec ﬁhg%)s?gna Eé}”quency"

domivBagethod)g By Edigmgahé An@op@bowi afuetdpﬁgiﬂgsm@fdpgfbgﬁ@@&onecﬁons,
susceptible to artefacts than the spectral FRET ,

fluorggaepiopesies Bay be distiagyished. Seddipetey 2&?51 Hgisa Freei review.
proposed that the use of a 'dark' acceptor (one which
has a non-radi ati ve decay path and so does not emt

- Soma meblécuBRthavé Gahe ey RROmEs, widh dare @aith t(Lbdthahiddse ediepounds and
system where only the_dqnor enmi ssion |s observed

Ot R B AR G R o B o T JI0foroseconds and
have R ufitho develop a range of assay methodologies useful in life science research.

These are characterised by higher sensiiivity and larger dynamic range than those based
solely upon spectral discrimination due fo the ability of the time resolved property which

removed scatter and auto-fluorescence, resulting in better selectivity and contrast.

Many small molecules have lifetimes in the nanosecond range [ISS website]. For example
the PURETIME range of molecules have lifetimes in the range 2ns to 300ns. Some
biological tissués and cellular samples exhibit fluorescence when excited with short
wavelength Light (500nm and shorter) due io intrinsic species such as FAD and NADH
(auto-fluorescence). These species typically exhibit broadband emission with a short
lifetime. This may be used as a source of contrast without additional labelling species, or

may interfere with the observation of fluorescent species of interest.

Lifetime detection techunologies and applications based on rare earth (Lanthanides) are
commonly available as time resolved fluorescence (TRF) and nanosecond lifetime. A

number of commercial instruments are available for reading from cuvettes or wells such as
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Mul ti pl exi ng Existing approaches to discrimnation
bet ween fl uorescent species generally use wavel ength
only, as shown in Figure 4a; or lifetine only, as
shown in Figure 4b. In Figure 4a the two species A
and B have a similar lifetige but different em ssion
spectra, so a histogramof the 30 emtted photons in
the spectral axis will show two peaks, but only one
lifetime; On the other hand in Figure 4b, A and C
PIBNEINR: Tidid!, BIhSS R uSh 8ok RUT X hirh! whid® employ flash
distinct lifefines, so the histogram shown two peaks
lafops oihil4ei! fdéaderpurisert Switdbje wiffevapreetinvests thheollgaioe Felayerves into
2
hfatl € g%}én\é%s Ef; lel %%f]% g-nrlfst(%% 9&1?%)%%& %&"4& aé ntl)dqu.rtrzg%etolf 'ﬁ?etlme
spdﬁ&scahtibeldlolt deal] \aalﬂhsmdrﬂma@@@emhser e tvvo | ant hani de
(Europi um excited at 340n, emtting at 615m with a
characteristic lifetime of 730us; and Samarium al so

WK Gpprepriaé scld@ion df a@ditibral B@n@incﬁtﬂ%ﬂi\rméﬂ&e difetime measurement
characteristic lifetine 50usi and one pronpt’

may qlesr resarpliedas apjarging i ity dies greating an asss af 2 saple isng as 2
ceﬁtor %’sss%@'@heré'%\b%[el fUlebreSaikddl ) £%id8er itat BBresponds to the value
descri bed, beyond detecting one species in
megawed! écnqhatt poanidA tnwenbemof sutle miierescphgsshave bpqn dexelppade éncluding
er
colhebal B FotiF Figtost et BRI, FRASEH. fonblh Ry wsine
gafed amensmﬁm dr mrngtl—lcha‘,rmhll p‘lnate I(M(il?l) svithZ800D camgraS0wg tlimst lpgraded

i ECRR GHYTTE) 5 PRI HoRdt BAars Fk el Sefi' Ritorm he

ne@é%@ir?%ﬁfpr&dsﬁnz@m s&h@e SRehifelimeQktihhtte (VM nmstar| 2008}, However
the lifetime in the 535nm channel is no red.

nmeas I n
thoge YRmEENG ORsvEn] WRSEFBEHTPED ABTULHde 8‘?};66% SIBC lmage makl“g
it BRPIPAGE RikESA¥eésdseadout s cel | stress (using an
absorbent dye), cell proliferation (using a
Samari um based | abel ), DNA fragnmentation (using a
FR%’F e@iﬁg‘é&glcaﬁaﬂc}r ﬂu@ﬁ:g%egl% Ii%egmlgot}ﬁnéagér% IH%F/ ems since the
flubtereente $icdtinedoff Horor és «miucaf wheh il therprsersecef & elaulblﬂ acceptor

d t ed advant to be.able t |
(Fﬁge%% Mggsél%llg}g %e%%?%%gl %?18% ftlén%slg ﬁ)gt%n lfr%P sﬁ)stcﬁ%%)?e f% Jlrtefacts

thamaté Bkl E{E"Bh&t}ﬂﬂd:leﬁcfrﬂ)@ﬂ feanliBr. mmrm]lynshm Heen proposed that the
traditional radi oac r eadout o wever th

uss ebRIcHS 24P RGPTRRED ES F REDE dfiaY Tefh and so does not emit
an®ATdhbC bk sant ﬂﬁ)@ ehduid el inxﬁqzléﬂg“ kakel |“Q1@reV\4)ﬁ19 the donor

ant’l bodi es before naking the tine-resol ved
efigsigorieelserved (Baweblbre Eeééﬁéétheéﬁ?f@’@‘c bangyilthasaiecdc h

al so uses a well plate reader (the EnVision system

fromPerkinElmer) with a point (PMI) detector to make
Mnlh@lemmgsur enment s and so does not use any i magi ng; and

es not produ ITe. COUr s

R pefoosBnr e o NELCS et ek Rt e n Db siaclenst
only$ adg@®emni ia€lgurt BhSortlifem® a&l@dawsrhoarnfm Eopuendty hd B@rdﬂa the two

systemw th an / CCD dete or and atia
ot B DS AU RS PSR S R WedE Tochipgam of te

emﬁ&d%o@gﬁq AL Rt XRGAIrHHN RO phAR ISt 3817 088 ifelifie; On the other
range 430nmto 750nm and Ilfetlne and reconstruct ed

hangs jim Figuredadapad ( Are ol SmilarTaaisgar SPgsia s e hibjtstwgs distinet
- | B 4 PRP
R Tl bRt RS o pEBPAPUS LIRS b BY e peak on the
wavelnggh asind Figure 4e with two popul ations A and B

whi ch exhibit variable lifetime according the

em ssi on waveband. See al so [Hanley 2001]. 8 A

further approach to multiplex has been the use of

bi osensors which are sensitive to nore than one

bi ochem cal species by changes in the

excitation-em ssion spectrumwi th the presence of

netal |ons [Konatsu 2005] or klnases/phosphollpases

s —



50f the biosensor and al so of the species to which it
is sensitive, thus confounding the two. O her
controls nmust be put in place if absolute estimates

e obtai ned. Summary of the inventi ORcr/era007/000174
W(i\%@gﬁggiﬂr%g to a first aspect of the invention, ﬁwere

is provided a nethod of anal’ysing a biol ogi cal sanple
conprising: (a) providing a biological sanple
including a plurality of fluorescent species; (b)
irradiating the sanple with a pul se of excitation

rgy causing._ fluorescent species_in the sa

. €n nple to _
LmF’Teg g S_PFQ,I)' aﬂé’e’ieé(g't"?%]@“}“@&ﬁ’cngé}?’_é REET H%SCPPWI% hékstrom 2004]
i e | -
o SRR A5 o DB TN O 1 9 P
lifetime @ d73gs;atnd Sastaritine alsa \eabienigtih 360ar h enditihg cdteM3nm with a

chapiiien 8By ool ingh 86 Pl Rubierides oy d st 1A excied at
485hinU B RSCER S I BewkRr 98 sRltifignPLERE '&E_&:i@&d,?ﬁrbg%ld detecting

di scrimnate between the respective em ssions
onetshecéss inwavelergibli ffdetwenin lifttire. B8R ist illspmdédein Fginehic where F is

the St ) Bl DR B i e B s SER, whilE b 8t e e
long Bfékisiei IMGHM 81700s Qnd 50M B8&E hit B1BH0RH), t Ae chRSE Se@, even though

their wavelength or lifetinme alone. The present o
therprs the doteatial] tordisceisninate) dabsls tviBncharacerigtie gmassionupbeira @f lifetime

ol B350 R S ARBLG OO LD R Turoer O
obtai ned into

In a further report [Vikstrom 2004b] describes an approach to assay 4 readouts: cell stress
(using an absorbent dye), cell proliferation (using a Samarium-based label), DNA
fragmentation (using a Europium-based label), and cell mumber (using a fluorescence dye)
using a combination of absorbent, time-resolved fluorescence and fluorescence readout
modes. The cited advantage is to be able to make all the necessary readings from the same
well, thus saving materials aﬁd effort in comparison to iraditional radioactive readouts,
However the readouts are not made at the same time, in particular, the cells are fixed and
labelled with antibodies before making the time-resolved fluorescence and fluorescence
readout. The approach also uses a well plate reader (the EnVision system from

PerkinEhner} with a point (PMT) detector to make the measurements and so does not use

any imaging; and does not produce a time course of readings.

In [Hanley 2002] a combined spectral-lifetime microscope is described, this time based on a
frequency-domain system with an MCP/CCD detector and a spatial light modulator (SLM)
coding system fo allow measurements to be made of both spectrum (50 bands across the
range 430nm to 750nm) and hLifetime and reconstructed using a Hadamard transform. The
data presented is as shown in Figure 4d where two populations A and B exhibit different
lifetimes across the same emission range; and Figure 4e with two populations A and B which
exhibit variable lifetime according the emission waveband. See also [Hanley 20017,
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25 the structure and dynam cs of the sanple. Each

time a sanple is irradiated wth excitation energy,

this may risk alteration and/ or damage to the sanple

and therefore there is a need to maxi m se the anount

of data and information that can be extracted from

each excitation. 30 An exanpBe embodi nent of the

current invention proposes the use of both wavel ength
A ?\E[%’lérlafﬁ)gfda@? (STRASHSISIBRS btECHRI BERT HitteaRTDIWIN Q8. sensitive to

e concept is that if it is possible to discrimnate )

mdvettiveemeNbisgeoiies sbscissdvetiongenintbe sxeiHeneRmissggspectrum with

bet ween speci es li.fet) [ . t ‘
P SHAEE AREELSS Rhebbl eoh T TOOPUEEIRE gt ey 20051
H&REEH 8% sdMavedhs Hidwiaak s tiesii Bdnsonisdiotli henexwietedtcbneentration

and detection subsystens. We termthis full or r%E i
ofthel ipgsinex ang alsorofitheespsyiss Envhihrlels SPRSEH S HIUPtF@fﬂftP%U ng the two.
way of examl e r : tHe QB thed.
O@%ﬁf@r‘%ﬁ%&?‘? ,ggB%lt P ﬁ%ggf;?%?@?e{ %Elmag% (r?ﬂlferent%r?l g?)g bet ween
the four species AB C5 and D by carrying out
SunvaMel efgidinv@sieur enent and |ifetinme neasurenent and
perform ng the necessary algebra. In this case, it
I ncreases the nunber. of possihble sanples ([frar .
AGQRIIBAR § TbAsRENO! 4D 1 Ao thgiers Tovidhd g fiftod qfapalysing a
. Zmald dofhfsineel y nodest nunbers with technol ogy
b@g%%i)wtnﬁen 0t ﬁss n\régpr esents an L}gi)_r ovenent from 3 or
(a) Dt3vidiny 4 tipegicasamplq RrBding asplutlibsof fuescsari §AtATes

are faster acqujsi.tion,, al}low.ng 10 . i
f 55l ML a0 U s S RS REGER s

t BhSsale 1PPidiedche spectral and the lifetime

characteristics of the | abels can be exploited

(clrdetectiye light emenatiget nemsthe spwsple ¢yring ¢ pregistprpgied period of time
eg&Fr'nenk devel opers. In a preferred enbodi nent, the
dEtEEPEN St ep (c) conprises detecting the intensity _

() Tefbratifid Bod s@Rn@fdatheechbidihg aeleastahe vgvelengtht dfethe detected light
sanpl e across a range of wavel engths over said
praggiasidtae: @8 period of tine, and detecting the

omby ' k | STRNFLHMS & BELERscent species
(ef aagp%ygﬁg&ﬂéé;‘iaggi d&%‘rﬂ%dﬁé]%g?orr%hﬁgggpgeri od of time. P
Sitgnitet genpratned diyandhdiseimieaechditarempthsceshacise gigssions from
then stored as data for anal ysis,. For.exanpl e .
U558 ORI SRTRRTY SRST Va EBG%%Se‘Hf_“PE S 08 St ancously during at
PrERE RS PEaill DedeRSRBRI WeBioBTWBRINGRS ifdisdimp tibkatte @bm28ich other
more different fluorescent species in the sanple from

t hum tho bhsicofateid steselGgtbor kifismedgee- of the fl uorescent
species present in a sanple, simultaneous equations

relatin he .detected i.nt.ensiti ] SSi
T}}erﬁ?g;lp‘[j%g{hog 6%c§liltg§es 88%1'11%%181& é\i} é:gge%tet% ?13%1@91& ﬁ%ﬂﬁé&%gﬁ\@/ z’ré)ﬂ{ a sample
col@imife hhan®e! beth@dsdat eciebienablim £ greater isight to be obtained into
|rrad%ated by scanning a range of excitation .

the siergire snd Ayrasmics pbthe sample. Fash bae psrRgicds géad%;eddmth excitation
lurality of ' i f is a need

o PPy A R S O ensia ol ks g

tof MEdiREEe iNpbewant af idarm adatiaforelativedhatocarhbe extracted from each
pol ari sation of |ight emanating fromthe 30 sanple

CXfddliBe stored and anal ysed. Extending the detection
of light to other parameters, such as excitation

Aﬂ‘@%ﬁh R AR RAUrAhE $atERANnvARION frop&¢e thediRadfelioth wavelength
mul t1plexing, and therefore differentiation between . ]

andriifetven ngraatmentiediequesfin chubissiernthesaesnsds that if 1t is possible

to discriminate between N species by wavelength measurements, and between M species

by lifetime measurements,
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10 Preferably, the spatial distribution of the |ight
emanating fromthe sanple is detected and recorded. 5

Li ght nmay be detected at a predeterni ned series of
intervals during the predeterm ned period of tine, or
conti nuously during the pre?eternined period of tine.
According to a second aspect of the invention, there

is provided an apparatus for anal ysing a biol ogi ca

thaanplie rordbladiongisaripinateabetweemfa fibtabrodskeht segsesi by, careful

t he appar at i ncl udi ng,processi n [ .
PoSH G ORA al FEBP DI NY ARSIy Ay Bhm s it or e
miayetif gh Rhofystenghdprdsentedeiairi giire 150byf womvexaap, €irough careful

duriﬂg a predetefnined,Feriod-ot tiFe, mﬁ%h referenCEBC
selegfianrd fuosqpbietesyié 19 PeseiblenB I Fmine PRYBH LR ot specics
and PBC b€ Searfythed @he ClavkRBor BRENGENDT MAd ligbtifRr nEafidéBent and

bet ween the Tespective em ssions fromthree or np

. re
perfpinfipg thete¢dssioy alselaptindipeedsedt ippieasss gﬁjnprqbplgqftposm le samples

ﬁ‘o?)lié gg)li(%ag? %Q%kg]glﬁp)g%ﬁ?dogl’gbﬁ M@@%,t IODI%{N. of MBI fhd N = 3 (relatively

e Ich emssions are otherw se
madesti s bRgyUw isth soheol bpyotodaa cherothiseneprosentstra iwsivgmeht from 3 or

' [ el | ifeti | w A5 :T - .
RS TS Rk PR 205 AR i

fadi@! frowdsg-to e dtodied, BNeclPMT Jesa phpathlabhiye.sentist weg both the

B

th\BMSLi BRI RE RS EdpeVideAticREbAES. 20 According to a
further enbodi nent of the invention, an excitation

l'i ght source may be enployed which nay be configured
In %? g%ﬂt{edaerﬁ&%‘glﬁgﬁr B g&e&ﬁ)ﬂ UgHe %:)Oéo lsse getgtﬁting the intensity

sel ectron the duration, waveband and/
distritiuging ioff yheolight lemapalirgefsom dhe sangtle pupse tangh of wanplangths over

nd/ or the length of the .Jnterval .
R e R R
enfahatinagrdan egeainplenwentdid predeteimidel @riod o6 titne. Bipnads generated by

rel evant and nore specific,informati on about cellul ar, .
thes5 S P TR oSG £ P8 71 HBPELLH: PR aliebrai
techRigB& hhF B ded to HOhRE AR RERn&d oY thélfespdctior @6i8@8s from three or

. speci es.” Fluorescent species with simlar chem_c

| .
mage rdigferapiedlupiertenhaipecies it |ty el dgm ;s?eoﬁe}l?qfeés%ﬁtat Given
kng‘ivfgg%ﬁf thé Hﬁ{rt@&%g{/%gcg%&béeﬂg in(%ﬁ!an%g:_, sifiit@oldlequations relating

I es. e possible to discrimnate them
theodetecrel ipmssitieso the fwissioes of mdividuak specipeen tegleveloped and then

s d iﬁi°@§'oﬁ%ﬁh&ﬁhf’ since these controls are

%? Vi 5Y T He it er nal measur enent s.

A sample may be irradiated by scanning a range of excitation energies. Also, the sample
may be irradiated by a plurality of pulses of excitation energy of the same or a range of

respective excitation energies.

In a further implementation, data related to the polarisation of light emanating from the
sample may be stored and analysed. Extending the detection of light to other parameters,
such as excitation wavelength and polarisation, permits even greater multiplexing, and

therefore differentiation between an even greater number of fluorescent species.
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renoval . Free fluorescent species which woul d.
otherwi se create a strongly interfering background
signal, may be distingui shed from bound fl uorescent
species. This will be of utility in avoiding wash
steps, permtting liquid phase assays, as well as
permtting higher speed lifetinme imging, providing
access to infatuation about |ive cell behaviour, .
Preferahly.dBe spabaldisribgHon el hellishhemanaling (e the sample is detected and
]Bpgéé{ological responses. Miltiplexing allows
unctional information be incorporated, including
cell viability (alive/dead) as well|l as exam nation of
het erogenous cell|l types (spatial i ing).. The . )
Light @@yﬁs@ tedndcd PEIACSFBEEH PSS ﬁrgwaglﬂ%méé% Rfedetermined
o . ) S . ) o _ t he
pREE Be"y confificht qlie16e BBEEn M PORTER L
measurenents witl provide access to information about

AR5 RESn e Bh s RGE DL BEERAFR s8Rt o oy
a Palaiat ehsplobhaidied aplirdley efPihRyRetnt Rpéri®C RS Bppagitus including
T A I e
en(iﬁMﬁx'g%ﬁBQia&pW@iné QGhrddeteritigd (A1 6MmS GHiBaBeRBce to the respective

.systenS where nultiple paraneters may be determ ned
lifetiragh Gripe iYPEsHbaglres texieletlc e PP S pradi dicrigrgicopetween the

redpBIROT dhisAdhd| H&hSthtfe bIMBERS EMESnt( HERRREACHetioN wHRIC bmit light
following stimulation. This approach could al so be ]
sigignqosd]y doritars Ierslrst dsaidpredgetaiped RTRg Yheh apipriecre otherwise
indl@FHEHiIRBR AT Gch Bhérh HERGE bthéiPRaRienkii@r HicBi ABSe.

Enbodi nents of the invention will now be described by

way of exanple and with reference to the acconpanying
Thecippaatus cnai iagnderBghthietceiion meaguselstddardn thefollpeing: at least one

ots of _anplitude against. wavel ength illustratin L

P Sl PR s e dBdmbe B Liint SRG B fuc imaging
detedtcR, @ a?tfay W EluAah agRimt detdcites.! | | ustrating

fluorescence lifetinme according to the prior art;

Figures 3a and 3b are plots of lifetine against

wavel engt h il lustratin wn FRET technigues;. o
A¢PYERELPS dusr iRl o IRy e Ryt ient source may be
e Hef@idh hlakUBd redhtibgredi ®CEINM BapicOftchBi¥®&Rquence of pulses.

| Uor escent species according to the prior art;
Preselection of the duration, waveband and/or intensity of all pulses, or each pulse

individually, and/or the length of the interval between pulses may be facilitated.

Benefits provided by embodimenté of the present invention include access to more

relevant and more specific information about cellular systems by multiplexing multiple

fluorescent species. In particularf

o To separate similar fluorescent species. Fluorescent species with similar chemical
structurés will have similar chemical properties but similar fluorescence excitation/
emission properties. It may be possible to discriminate them on the basis of lifetime
without the need for additional controls, since these controls are provided by the

internal measurements.



12 Figure 5 is a plot of lifetinme agai nst wavel ength
illustrating discrimnation between a plurality of
fluorescent species according to an enbodi nent of the
[nventign; Figure 6 is a plot of lifetine a

W%‘\?Z{Psgﬁ:‘ th il ?ustratl ng deSCH m nati on bet \Agg'r)?ﬁizoowoomm
plurality of fluorescent sdém es according to a
further enbodi ment of the invention; 5Figure 7
illustrates discrimnation between fluorescent

« BpagiesdorndvhRsFreotluares@ngepaiespahiievensl ateorisk n:gjeate a

‘ ‘g:}?qﬂag&; }%E%Feglrgg g:gg]géjrlc)lgl}edp %&Sg;{lé&%@ ll?lg gﬁ/sglggg[g&qdotgorg%ounf ﬂuorescent
%{%ﬁl{eﬁ URRE Gitf BBk QHEGA ]h%oﬁﬁ%o&'%!h%pg OphiBAP FeiilBRhse assays,

e 1 nvention; 9 is a plot ifetime
ag el ab poania:i@!gigherf aplwhhféﬁﬁiﬁ la:pgingcgtqvohngj e¢defssiorigformation

Bt 01 SO PR it WaARGHgE O g e Bologica

gqu §fier exanples of applications utilising the
sent invention. Detailed description 15 An

. Mtﬂimlemhﬂmﬁs tfhmtmnalequrmau@lsbp nwm@tdd,bylcmgo@ll VlabllltY

iRyt o st o o PR RN Sl raryon
. gﬂtghfeh H@gé@:@ﬁf‘fn‘% & QlyﬂhQ glu&féﬁcehﬁ@a&bﬂmv with the micro-

cri el n wavel engt h-onl y freasur enent woul d
swisnaEet ooﬂtEsé Bpdaias nEBmmnmgoﬂm vbeaumaﬁiﬂe niudfipde peamranents will
from E from 20, D I kewi se
Vit dipire. o i i bt S0, P o B et pcies as
it 2R 8RIMicReeHdRkent ¢F (BERRERE.E the between these
pairs. In fact there is no conbination of sinple
wavel ength-only or lifetime-only neasurenents for

The %Iarsa}nleg ul bschl 1 mgg tb\é\%xenrf)lotyg& a gcrg&%:gi s%%tem during drug development

to determine assay end-points, and in toxicity testing. Recent developmenis have led to

high content screening system$ where multiple parameters may be determined from
multiple measurcs extracted from spatial and/or temporal analysis of images sefs
(translocation, etc) following stimulation. This approach could. also be applied to the

measures extracted using the approach described here.

Brief description of the drawings

EBmbodiments of the invention will now be described by way of example and with
reference to the accompanying schematic diagrams wherein:

Figures la to 1c are plots of amplitude against wavelength illustrating prior ari
fluorescence detection techniques;

Figure 2 is a plot of amplitude against time illustrating fluorescence lifetime according to
the prior att;

Figures 3a and 3b are plots of lifetime against wavelength illustrating komown FRET
techniques;

Fignres 4a to 4e are plots of lifetime against wavelength illustrating discrimination between

fluorescent species according to the prior art;
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25The figure clearly shows the large area free to be
popul at ed by species allows nmuch greater mnultipl exing
(within limts of detection, tine etc). This offers

an inproved signal to noise due to | ow background.
Interfering auto-fluorescence typically appears in

short lifetinme region (<2ns§ and nmay be gated out.

The detection can be extended by scanni ng excitation

Figure/>ors ®plos of difietineey adadrsy twaselamgth plbisuath@adii;cmimiﬁ@ion between a

PR T MRr e Rt ot Pabaimubet fedbsed Mt 00174

Figide 6°\f$ £t b lifeind h@hist &QWSIE@,I}( Wuswringhdiseiynif@ion between a
ted at |east in tlma and from whi

hi ch an . .
Pl'éfi‘g ﬂP%‘ﬁS‘)SEfrﬁﬁeﬁﬁ%ﬁcﬁ%r mgliee %@ere bfﬁ@?%@f (e fRygpidon;
Figud 7ti@luﬁﬁitésvtﬁ&rlhhheﬁ}oﬁ)%hﬁ&h|fﬁ1@re@&%§ Pecled o aSEIR| Fa rafive of
sanple (3) in a sanple holder containing at |east one-

pamwrégcceghl)g tpiatfhrthasembediensot ofithe pveskAnbi t at | east
HOg 83 GE bRk dl%rgl%l bi" & ﬂu%%ﬁce( ﬂ%teét%sdﬁxlsﬂnﬂﬁént configuration

m ssion energy Tromthe sanple towar det ector;
ac@rdingito moerebadignat pbths if@Ntiemt o whi ch eni ssi on ener gy

Fi!%‘ﬁ-,e? ahpg)g gf gge% bk %/geji ts ist évség Iil%lg S(fr f'FﬁE?Sa%afzcat]gn u‘ilﬁsmg the

prmmahmgbm agdi ng conbi nation of tinme gating and

filters
Figures 10a to 10c show plots of lifetime against wavelength for three further examples of

applications utilising the present invention.

Detailed description

An embodiment of the invention is presented by way of illustration in Figure 6, where
species A, B, C, I, E and F may be discriminated in the combined wavelength and
lifetime domain employing the techniques described herein. A wavelength-only
measurement would separate A/E/D from B/C/F but be unable to separate A from E from
D, and likewise for B, C and F, while a lifetime-only would separate A/F frofn B/E from
C/D, but again be unable to separate the between these pairs. In fact there is no
combination of simple wavelength-only or lifetime-only measurements for distinguishing

between these 6 species.

The figure clearly shows the large area free to be populated by species allows much
greater multiplexing (within limits of detection, time etc). This offers an improved signal
to noise due to low background. Interfering auto-fluorescence typically appears in short
lifetime region (<2ns) and may be gated out. The detection can be extended by scanning
excitation and/or emission wavelengths and polarisation for estimation of optical rotation

(Figure 7), and combinations thereof.

An embodiment of apparatus for fluorescence detection is shown in Figure 8. It

comprises:



A nmeans to capture (6) the signal fromthe detectork
into a digital storage device such as a conputer
menory for further processing, analysis and display
7)..Jn a preferred enbodi nent, the excitati ]
ch%\% %831331) is agile - that _is - it may be p?gg/#grzr@rg 00474
to emt specific pulse proﬂ%cols in which the
duration of pul ses, waveband and power of each pul se,
and timng between pulse may be specified and changed
- UALC ktejtatidin lightreprdee( 1) sébdcht map bk exdiulatddyatdrast e tipe and from
satyrate particul ar species in the sanple according
tdﬂPﬂkmgﬁﬁg?WQi% qgﬁﬁpﬁﬁﬁm§6ecies to particidar
- PU 88ivkYPRSaANY) RREMY el this@hktiiRiBn eRYEY tofa Wndlfle;r ange,
for exaripl e conbining long ns |ifetine | anthani de )
- wiA aspler ©) s 4 istwpleneoldaratdntaiihe et leasts pee ispasies Hgs) with the
overcaming dynamc range |linitations of existing
i 78 Pﬁﬁéﬂ?§m§§aﬁk?ﬁfgggﬁﬁﬁF%ving capture speed. In a
- T U tRBverpReAsMENt to BHIGres AIBGION efedgy iffort GRS | sgtipRAtowArds 2
have regions sensitive to different wavebands so that
aldetepieont ons may be captured. |ncom ng photons are
fitst separ d i . ' . e :
TR ERR Bl [ ol PP PR PR ) ket 9 some
t hparify SjpedtcFdh® BindsoRenedgy tiitddudinga-lgat athedati aetvelesgth using
This_ensures that every photon within a particul ar
t icaEbinereoef time gaiing Addiysione or other of the
_de rs. ' ' [ R &&'ﬁ%&khi'
aﬁ% Efgl&%e@i Cﬁémé‘g{@e%g]gi@ﬁﬁgbﬁﬁoqrﬁ% Idgé)tfgcftlelglS 2‘%{5 and f asst er svice
opatkeds Otonyittdr thassrylibefnthengrocesyily, analysis and display (7).
2007/ 083138PCT/ GB82007/ 000174 14 | n anot her
enbodi nent, the detector (5) is replaced by one which
| %feasfi, |0dEmtR, ROt B RBOBRNSEQY (AR Bl Nehat ' 2%CHay be
hlag%% . 1#§ﬁgégnits co Iect%on of ég?h ﬁgbelength and Y
prograinfret i tresndaspecHivdplba proteols jof Which et demdorf af palses, waveband

operatio fth |ess. bl.eachin The.excitatjon lLight, .
anct R eeeah ol RFBIAE SET TG PP Y 4 ReGPe S et auickl.
This lr@§ebe 1BPI0 Ldidibve®Mbidite NG GitQAE Bartidflidt QpeclesS P the sample

erconti nuum source. The delivery neans (2) naX o
accordimgpieithe soniivily ofpthet snspiss 46 pavibilpepulse fitpee 4pd fpgsy  lifetimes,

mrror, dichroics,,etc... € 1:.3; rl,:
ove "l il b GRTRE AR 5P o
lifetids $8ER| poledulbepetses THhe Garfhbndaldeatic Tayel Heitiiies 2of existing
mechani sm for transport along the Z axis, carriage '

instrugretstas arpdp6 APy ineyCaphHe sPe8ubat or for |ive cells,

nmeans for dispensing of fluids, control of

tenperature. The fluorescent species (3a) may include
In a Gighedl erfiydeénsitplthe fdeteotoe OGRS configneed és bave hregisns sensitive to
. fluoroscein, genetically encoged fl uqrescent
differge) @é‘tﬂbegd%ﬁ&%h%sﬂbm OLORH, {4V ?&a&f}bfégi 3%00%% phgiopsare first

i , in@Y; =Y BR@icSmirror. The

separffR8 M0 b el A R e T S SeAH Bng By PSRRIy
photons ap ihse poojected onor eneRMNsvo s gaed détbgtorse Abist ¢ngeres that every

detector, a gating elenent such.as an i i.n .
phouggy Bk groer ol PSP R PR CPTTOREY a4 dOL B grio. This
permBc@leb@dh Of bNBURKERALR SANFétichy Bats @h® 8 Bore COMNMIQH] faster

W th one or nore sel ection nechanisns including tine

operafion sy, lesadleabling. and scanni ng mechani sms for i magi ng
The data capture and processing system (6,7) nmay
i ncl ude nmeans for analysis such as deconvol uti on and
ot her transforns, and neans for collecting a tine
course series to calculate kinetic data. The present
nmet hod enabl es robust FRET experinents to be carried
out using the FRETFLIM nethod and to allow nmultiple
FRET systens to be operated at once to determ ne for
exanpl e the sequence of events within a particul ar
cel lul ar pathway. As shown in Figure 9, one FRET
process may be studi ed by observing the change in
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waveband, whil e another FRET process may be studied
by observing the change in lifetine of a donor D2 at

waveband. Sone farther exanpl es of
74
W(gﬁoﬁ%msg;gtsl ons utilising the present nethod anTIGBZOWOBM

illustrated in figures 10a 40 10c. They show the
advant age of using conbined em ssion and lifetine to
identify and | ocalise characteristics of interest.

In anbies enbodinpngsthar dstanly(S) lid vatlacad ibyeomndhich isisehsitiee o both

appr eci at ed t hat ot her corrbl nati ons are po
photes Weé&yeﬁt P@ﬁ@l Eraseh Qi & |H‘?frﬁ%f%§?@cfe%951§%fﬁ|‘vvvqﬂlgth and
hfet:ﬁ[a ﬁﬁg% Bﬁ?:%ﬁf’%n ?at?otﬂ%ﬁffeglblgchﬁé of
|nc de g|r

eres nction - for
exanple proteln protein interaction (as indicated by
nal ), (2) mcro:environmen

FRET f or. | '
The PigHAEBHBLAEREY 6 B HESE A Ah g B cUafaegr DRSS, g
emltt%fﬁrAdig&eKsre?g d/0f 2 RbRehsmheah ssgeci es, for exanple DNA or

ree characterlstlcs are often inportant
in drug di scovery to understand the state of alive

s it responds t.o a st I mul e'l :
the fiverHorst & BRRErTRHS A BiFenr P fse Ofical BUfs, mirror,
dichio¥si&qe for an excitation waveband ar ound 488nm
conprising: a functional probe D which represents the
donor of a FRET pair e.g. GFP froma G-P-YFP FRET

w th em ssion '
oo SERIEE HibehrBaig DA ko PRPRLE Mkl bRt pr esoemly
of bdah® THY @ngfié hellef My TmomdERERchagisir fb armemsi aigng hiee Z axis,
m cro-environnment, where B and F represents fhe

carriggeangd g SRIRt Bh% Yp pogh psBRatiieios liye |°PJ]5\MDP%U%FHI§§§P8FFES of fluids,

b 0
cona B FARNR S0 Bubkleld TPy S g5 e s
ﬂuor&dc&ﬁt Btieatdsamichtas MGroBéﬁmngeandallﬁ eficrsied lﬂﬁ.letest:mt molecules such
Furt hernore, E represen nctiona
as Gﬁ%tmmﬁé'sépvezl@srﬁuah b FADS %I@rﬁépfﬁ PRSIV Z‘g‘b g‘i%t%*x Blosensors
such Li B&hl ﬁﬁantﬁfn%'ise =1¢0b shows anot her exanple, also

usi ng an excitation waveband around 488nm in which D
is a nucleic acid probe such as YCNC>1 wi th em ssion

t 510- 550rua and a |ifeti when. bo -
The dhiechir ) BRA CARTINS SHRCVMEH BMINR SRR PO Bkl ssting
elemdf QPB3IABRICPT /2GBRAPIAL QBRAEA, a spatially partitioned imaging detector, an
arzay of wavelength sepsitive detectors, combined with one .or more sele;ctl’on mechanisms

including time window, waveband and scanning mechanisms for imaging.

The data captire and processing system (6,7) may include means for- analysis such as
deconvolution and other transforms, and means for collecting a time course series io

calculate kinetic data.

The present method enables robust FRET experiments to be carried out using the FRET-
FLIM method and to allow multiple FRET systems to be operated at once to determine for
exatnple the sequence of events within a particular ceflular pathway. As shown o Figure
9, one FRET process may be studied by observing the change in lifetime of a donor D1 at



16 Cis a functional probe based on the Puretinme22
dye with em ssion at 560nin with a 22ns |lifetine; B
and F are extremes of an environnental probe such as

, order dye Di-4- ANEPPDI I Q with em S$@p2007/000174
Wdairbgﬁ%%g?o- 630n.s and a lifetime from1.8 to 3 6ns

and E represents a functio i sed quantum dot probe

with an em ssion at 700nna and a conplex |ifetinmne.

The benefit of such a schene is that several types of _
a P%@ﬂart wvepands) whije éﬂfﬁllfrruE]RET@IpfFeéS @ry?bg sardéed by observing the

oAb b kS ol B ok ol it e ompart son

to conventi onal appr oaches vvh| ch only allow a very
smal | nunber of qualjtative questions. The exanpl es
Somg figrthes exazpplese apalicasiensaiilising The Aresent amwdind 2 ilysirnted im figures

10a B‘FO g‘;ﬂg’ Eﬁtﬁv ﬁﬁnad%x& é éﬁ‘i l%%l& ﬁ;}tlrﬂﬁxge%derfé@%m? %ﬂ? E]{ﬁ%ﬂl% to identify

exci tatton
and bceliseahimantetisivg ofeytetrst. Shhictec bathplasone @ﬁ@nmlﬁt@mva and it will be
CEP2- YFP FRET pajr,. to 488nna faqr an eG-P-YFP FRET
apprfifipd tah ofper spRisrtieneats IRSSTe gtiffeddiseapt labels, inciuding intrinsic

aft RLdnBN gﬁggd around 360nm was used, a
(o fﬁ]%jC]%I onal pr B coul d be used based on a Counmarin

derivati ve vvlth a emssion at 450nmand a lifetinme of

. TR I -
protéd® YRPaaNG Bs GRASAL BY aSIRIET |sig‘_fu§1? 5] xelfcrczéf%onﬁlent tgor example

structural conponent™ D such 'hé "nucl eus. coul
ion %@@dﬂ@sm@ as tpél, DARI(3 ppretrmcevof b sanitysil on baIChﬂﬁﬁaiereCIes for

exan bR i BDUy e P sl 82 ety B i fiscovery

to ur@Brsiadd Glel 2R LT £ Bdle BIPAY i¥ FsPGHAS to\h s&RuRE e al so excited
at 360nm and each enmit in a waveband to be sel ect ed

according to the quantum dot, typ| cally from 500nrn

Flg‘l‘%ﬁgﬁ%?%goa@‘g LBS yoq'nad coﬁgfng& %m(fs%fc'on arid i\felt}n{e ysm system for an

Ing I mag paramet ers
excitscmmmtebami arbunaimasmi eoﬂn@bﬁi@ in a fluorescence

- 17a lguncuon'al M'o(l:ng (])Z)S%r%lpc regr]égents) theJdggor gfog % pzﬂfr6 ;e £ GEP from a
GFP-YFP FRET system with emission at 505-530nm and lifetime between 1.5ns
and 2.5ns according to the status of the interaction (FRET/no FRET);

- a probe sensing the micro-eavironment, where B and F represents the extremes of
the pH probe Resorufin with emission around 580nm and a lifetime from 0.5 to
3ms;

- a structural probé C such as the nuclear stain BODIPY with emission at 500-520nm

with a 6ns lifetime.

Furthermore, E represents a functionalised quantum dot probe with an emission at 625nm

and a complex lifetime.

Figure 10b shows another example, also using an excitation waveband around 488mm, in
which D is a mucleic acid probe such as YOYO-1 with emission at 510-550nm and a

lifetime of 1.5ns when bound to AT-rich DNA and 4. lﬁs when bound to GC rich DNA;
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In a further example (figure 10c), an excitation waveband around 360nm was used, 2
functional probe B could be used based on a Coumarin derivative with a emission at
450pm and a lifetime of 3ns;

the presence of chloride ions could be sensed using a probe C such as MQAE with an
emission band at 460nm and a characteris}:ic lifetime of 25ns;

a structural component 1D such as the mucleus could be sensed using the DAPI probe with

emission at 460nm and a lifetime of 0.2-2ns.

The same system can also simultaneously utilise a series of probes (E) based on
functionalised quantum dots which are also excited at 360nm and each emit in 2 waveband
to be selected according to the quantum dot, typically from 500nm to 800nm and beyond.
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2. A nmethod of claim1l wherein the detection step (c)
conprises detecting the intensity distribution of the
light emanating fromthe sanple across a range of
wavel engt hs over said predeterm ned period of tine,
and detecting the conbinedijgntensity of the |ight
emanating fromthe sanple over said predeterm ned
period of time. a A nethod of claim1 wherein the

Claggspl e is irradiated by scanning a range of
excitation energies. 4. A nmethod of claim1l wherein
the sanple is irradiated in step (b) by a plurality

1. gTBPADE BRSO SHEPRFOTESRSt hot of “cl a1 m
kapesvRiiny & Blofodicl sdragletirtitidifg BPlurality ot Audresebnt dpabiks;
emanating fromthe sanple is stored In step ég} apd
dhip Ireariating tha sampls itk puise)of exgitatipn qnergy RRgeping fuorescent

cl aigpadedRereEampRao fBGkbad; distribution of the [ight
emanating fromthe sanple is detected and recorded.

) Aetesting lotirereqngling frophieesamplieghting @ eregdeferaied pegod of

pr eggl-eiHdl fedbfgs:i es of intervals during the

predeterm ned period of tinme. 8. Apparatus for

ddalopseratingad slodpg clala regensing atieast dheryarelendin af theydetected

of ﬁiéﬁ’t%fg%ﬁl%{aﬁ%es i es, the apparatus including
proce&ssing neans tor anal ysing data recordi ng agai nst
tenenalysine &t dathevilharetsirencgt te the respghiivediieimeas ofdhe fearescent
as . [l ] N ot d. 002, 110 -
ot PR Y Ly MLRREENS B Y Rt beld B 1! epective

f | uemissienst repdbieesor morel difecent tflvergscestesnesiesfwhiehl emit light

di serim . bk _ _

b SR SRE R 8, AR SLl recH A0 e B are
en tindistipgtisbabie ftoan eacrsbihed on itimgy basis lob Hwir veavetength or lifetime
sai dic%%edet erm ned period, which em ssions are
ot hélSWse i ndi st | ngui shabl e from each other on the
basis of their wavelength or lifetine alone. 9.

cl ai ' udi . t | :

2 KRRy ol R Fhclplfle 8680 3 €3 Sl aking the
dptansityl fiptribetien of e tghtewvangtingriromedbe isgmider eenoss 2 eange of
< e e . . _ for '
et 3 ek B8R B ST LPGRE! andBiloihoht Bimbined
intensity of the light emanating from the sample over said predetermined period of

time.

3. A method of claim 1 wherein the sample is irradiated by scanning a range of

excitation energies.

4 A method of claim 1 wherein the sample is irradiated in step (b) by a plurality of

pulses of excitation energy.

5. A method of claim 1 wherein data related to the polarisation of light emanating

from the sample is stored in step (d) and employed in analysis step (e).
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A method of claim 1 wherein the spatial distribution of the light emanating from the
sample is detected and recorded.

A method of claim 1 wherein light is detected at a predetermined series of

intervals during the predetermined period of time.

Apparatus for analysing a biological sample including a plurality of fluorescent
species, the apparaius including processing means for analysing data recording
against time at least the wavelength of light emanating from a sample during a
predetermined period of time, with reference to the respective lifetimes of the
fluorescent species, to detect the presence of and discriminate between the
respective emissions from three or more different flucrescent species which emit
light simultaneousiy during at least part of said predetermined period, which
emissions are otherwise indistinguishable from each other on the basis of their

wavelength or lifetime alone.

. Apparatus of claim 8 including light detection means selected from the
foliowing: at ieast one PUT, a spatially sensitive detector, an imaging detector, a
spatially partitioned imaging detector, and an array of wavelength sensitive

detectors.



