Title: Inprovenents in and relating to imagi ng of
bi ol ogi cal sanples Field of the invention The present
WO pwengites rel ates to the i nagi ng of bi ol ogi caPCHaBRI0@H00174
and nore particularly to the detection of |ight
emanating fromfluorescent 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
conplex entities and their study requires the
collection of information on nultiple interacting
conponents and thus nmul tiple paraneters
(rmul tiplexing). The conventional approach is to use
Title Mol Bl d b33 G6in® REL S HUiBMIERALAQ (€ 0.
FITFCj—or—synthesised - wthrir (e.g. o ally
occurring in (e.g. NADH) the sanple, and natchlng
~_detection _channels (for different em ssion
Field\gf\es mxgatied) to col | ect such information, one channel
per |abel. This approach is generally limted to about
three or four (N =3 or 4) multiplexed fluorescent
The ]1%@%»: Biveltith fdatb® BBeGhEiAk oEBiokediod semplet apd Mort Perticularly to
abel s and the spectral discrimnating ability of the
the ddeteat of hghtdenana@wglfrcghtﬂ@mdmtuspncses Plesentriatd seshple in order to
%gorescent ecl es ﬁ be di tlngU|shed on the basis
study, eF?ﬁﬁW“qq9§ YRRE Ot S} FRP eAgaln this is limted
to a nodest number of detection channels at any one
time (M= 2 or 3). Conventionally these detection
Backpmouad kd itesinedigioavai | able in different instruments and
the information obtained nmust be correl ated between
experinments. Furthernore, the neasurenents have
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ur es of Several
multlffés Qhﬁéﬁt@tlﬁk UesBsERARKE alill Uaiues eRiliipls PesiaBfters (multlplexmg) The
fluorophores) typically exhibit an excitation

convergivoelrappreach is euseonnitipfe Buqresekt spieeins miewdypest inée (e.g. FITC) or

syntEgSE BRI feRk LR BT ha e Bhith DD (BF gapete, and
matclluﬁ% d%@cﬁ&pychtaﬂﬁeléax&bf adikerend p@rﬁfsEle daseehhBs to collect such

probability of an incident photon exciting the
inforsypBaen,esne chaamgirpmrﬂdbdt dhes ampooacti mgmgraﬂyshmmmtoea@mh three or

After a short jod, the excited species
four Qo @) pROLBIEE VbR wEoeh dugyiooth B ap Sl Bl derap of the
1abe1? 8&) %’é gfeef]c}{rai RALRGRE diR) ANAE Hutdf FhdRP1bd SR conditions.
Alternatwely, fluorescent species may be distinguished on the basis of their fluorescent
lifetime. Again, this is limited to a 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 a
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



descri bed by the em ssion spectrum The fluorescence
process is inefficient and the em ssion light is nuch

wo e@s/0831Bense than the excitation |ight enpl oyrd/GB2007/000174
typically nuch Iess than 1%91ln a practical
enbodi nent, a particular species is typically excited
by Iight froma source with light emtted across a

rticul ar. excitation waveband. O t.he emitted |ight,.. .
protf it Bl infiSEik SutiGh cBit e A I A e B g ECOrting to it
t I, | o . i . J 1
e P R, S S ph o b fetumn o
the gipuad [saser Thoprababilivadert thapohitsedupteeors hah a gardcdlanwavelength is
(e.g. Xenon aor Mercury) fromwhich a suitable waveband
descif@e‘gé}’é‘éet‘ﬁal.m%ép%%i on waveband may be sel ected by
the use of an optical filter. Since there is typically
an overlap between the excitation spectrum and the
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be enployed. It is desirable to enploy a hroad X
partBfiof Peoior wRicely i b bEafiof hegtieh g fghk emited across
partBURAIREitRAPAN dbhhy, DRake efitddefghd gihbaﬂtiéulgﬁteﬁﬁﬁs% or detection
and the nore sensitive the instrunment may be to that
wavelpadi may 18 nelectethiefaxdelivaty do 4 i dphdctios swppystah | (Fignreh1b). The
Jrore intense than the emssjon light, it is uysually
exCiigHER Sy BF 4 BAERTS 0 19VAGS TURR 28 AHIRSET. o dproadirhing Fogise such as a
Fght j t QF I 1NC a ;o
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background signal in the absence of any fl uorescent
species. Maintaining a | ow background is particularly
. inportant when the fluorescent,species of inpteres Yoo
Sinch JR3eL Bl i OxehEC R PEED oh€ STy VB AR i pmission
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nmade. Either’ t'he indivi dua uorescent

overwhelm the detector or cause a spurious background signal in the absence of any
fluorescent species. Maintaining a low background is particularly important when the
fluorescent species of interest may be present in low concentrations. Therefore, extending
the emission or detection waveband towards to shorter wavelengths in order to increase the
detection efficiency requires the excitation waveband to be placed further towards the
shorter wavelengths, and possible away from the excitation peak, resulting in poorer

excitation efficiency. The design of a particular embodiment typically involves a careful

tradeoff of selection of excitation waveband and emission or detection wavebands.



speci es nust be interrogated sequentially in tinme one

after another (tenporal nultiplexing), or the multiple
wez@7nsdiBon waveband and em ssi on wavebands nmuBCT/IB82007/000174

selected so as to avoid integference. There is likely

to be a lost of sensitivity conpared detection with a

single fluorescent species, since the choice of

wavebands wi.dth and |l ocation is nore |imted (Figure
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represented by a nunber that corresponds to the val ue
detegioms of Byltinde spesies, bvitie, thesayailgblesepsigybeandsthe dynamic range.
m croscopes are avail able from suppliers such as
Zei ss, N kon, A ynpus and Leica and suitable

Fludiesieaste BétsctionOme B nhT Be apiifeda® sfliples! MB@ivedes or wells and are
instrunments equi pped with miltiple spectrally
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Zei ss. 510 MET or exanpl e ver, far many . "
Eleqigo VaBEait Sb b EnDBrGRy s SPIIRP g RRp Of additiona
com?Hﬁ@h@sr, Ry PRYLAISHLARNHE 86 aR $hagiBa MiRalitySthus creating an image of a
tatistically siml so that | 'S not "possible to

sampleesudinmes tsheelli o tiasicowhefe spdctpizal ioviepteapntahcby a number that

sensitivity [ Neher 2004]. Typically, an instrunent. is
corresnepee do ,{Jé%gamen@e%rqdo%@ tﬁlphgp]@gcéw{a%gepggp)@gc% gpjicroscopes are
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rescent "specil es s’i's exten nto

_comgbhdn@d/ froheduppiéls istiét & €RL.(250nm to |1 GO . One
application area of particular inportance in the study
of bi ol ogical systens including research and drug

Imagégl\é eﬁgﬁ@gﬁtsl gqu?ppSeYiStvv?trlTl] ‘Fn%ﬁ’t‘f‘p"?e osfpegtrRa%-gf (seFrllslijt?vree &R0%F% have been
0

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 ultraviolet 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



Energy Transfer) [Berney 2003] . In this technique a
species of interest is |abelled with onefl uorescent

wo amelos ishe donor) while a second speci es bel i BHEGBR@®7/000174
interact with the first specijes is labelled with a
further fluorescent |abel (the acceptor) carefully
sel ected so that the em ssion spectrum of the donor

provi de ectral overlap with the excitation . i
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are well known for having a common excitation spectrum
accepipd sxeitgtionasndo oméssionspesiks paeddedes Tivosing moregthan one FRET system

..excitati on wavel ength can be used with several narrow

withifl 3 §VERSUBPISh filters to detect several species

si mul t aneousl y.

When the fluorescent species has a well defined excitation and emission spectra, it is
possible to achieve a simplification of the situation and to obtain some multiplexing
capability. For instance, quantum dots are well known for having a common excitation
spectrum and very narrow emission peaks. Thus a single excitation wavelength can be used

with several narrow band emission filters to detect several species simultaneously.

Time resolved fluorescence
An alternative approach to detecting and distinguishing fluorescent species is to modulate

the excitation energy at high speed and to examine the resulting modulation in the emission



Time resolved fluorescence An alternative approach to
detecting and di stinguishing fluorescent species is to
worp@alstias t he excitation energy at hi gh speed BCGBR007/000174
exam ne the resulting nodul akion in the
em ssi onenergy. Many fluorescent species exhibit a
characteristic decay (ranging froma few mlliseconds
to less than a nanosecond) between excitation and
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(auto-fluorescence). These species typically exhibit
broadband emi ssion with a short lifetinme. This may be

Man?l/J %gnéa ?I}Sl%lgm.i %ziwé:shtfegﬁlgsn H %tna\l%steggn ra%gg I[ltSISo\rx]/gll)site]. For example

the PURETIME range of molecules have lifetimes in the range 2ns to 300ms. Some
biological tissues and cellular samples exhibit fluorescence when excited with short
wavelength light (500nm and shorter) due to 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 technologies 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



may interfere with the observation of fluorescent
species of interest. Lifetinme detection technol ogies
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conmonl y avail able as tine rﬁsolved fl uorescence (TRF)
and nanosecond lifetinme. A nunber of conmercia
instrunents are available for reading fromcuvettes or
wel | s such asPer ki nEl mer EnVi sion, Therno El ectron
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tamf3g pF Bisis Hecle Ve SUTO B e HE SO FRY GLec dSlay curves into
G SRR, D SuSCl LOULSRA B SrRALMEUAE of it
speditramdZeaBnatpieal edh MWt thaphB epediat e sel ecti on of
addi tional conponents, fluorescence lifetine
nmeasur enent may al so be applied as an i magi ng nodality
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i SSu ere each pIrxel 1s represented by a nunber
mayt 4186 be @pplesPangs irhapihh enodalityehieasatidad ohadehdtta pahple .such as a
A nunber of such m croscopes have been devel oped,
celljaaclisges mdreceo partirikell is rapiepentetob A Hvindies b prstesponds to the value
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suppliers such as Becker and Hi ckl which again perform

intenfifiemec esdachanek plapy QdE€PS imith & CCo npaotesas; had| thoset wpgraded with
stimates [ Munster, 2005].. Ho er these systens tend
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__fluorescence lifetime of donor is reduced when in the

it hagdl de mpppEopkingtie pracgssee acceptor (Figure 3a). Measuring

a change in donor lifetinme is often | ess susceptible
to artefacts than the spectral FRET nethod descri bed

FRIERGY b §fopufe Gpplitation! foh FobRescBNITRREE tndabdeniehe syidndfsince the
a 'dark” acceptor (one which has a non-radiative decay

fluopesténcenidfedmedefe domut iserpdticesnwhen dhtthe [pBesseerant 2096able acceptor
. Wou sult in cl eaner tem.where only the donor
Fighfy 45 SfFepurinnd bt Tt PG LouE) 13 OSSP RGP SHefacts han
the SREGLT BREPANENL S UBs B4 b Sidr. RAHehiPitees MBelptSHoks&Pthat the use of
pproaches to discrimnation between fl uorescent
a ‘dsfké ac@ptaydors vhich hase non-radiative decay path and so does not emit and light)
[Ganesan 2006] would result in a cleaner system where only the donor emission is

observed (Figure 3b) thus reducing the spectral bandwidth required.

Multiplexing

Existing approaches to discrimination between fluorescent species generally use
wavelength only, as shown in Figure 4a; or lifetime only, as shown in Figure 4b. In
Figure 4a the two species A and B have a similar lifetime but different emission spectra, so
a histogram in the photons in the spectral axis will show two peaks, but only one lifetime;
On the other hand in Figure 4b, A and C have a similar emission spectra but exhibit two
distinct lifetimes, so the histogram shown two peaks in the lifetime but only one peak on

the wavelength axis.



wavel ength only, as shown in Figure 4a; or lifetine

only, as shown in Figure 4b. In Figure 4a the two
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em ssi on spectra, so a histogramin the photons in the
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l[ifetime; On the other hand in Figure 4b, A and C have
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alone; thetlifetime i, 535RE dhiafred] ineotimeasted 535nm channel i s
not neasured. In a further report [Vikstrom 2004b]
descri bes an approach to assay 4 readouts: cell stress
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Samari um based | abel ), DNA fragnentation ing a
(usigy rampiabsnrbers e dyéd)abesll) praliferatieh| (usimgber S{msiimg-tased label), DNA
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necessary rea |ngé romithe same we

modent Bird cited adnahntegd Brtd be AbaTEAKeSOINthE AetdsaadytreQliags from the same
radi oactive readouts. However the readouts are not

wellydlapes spving, mateails andyetfostpnpempagisemito tradisiopel raslieactive readouts.
' | abel | i, h, antibodi es .before makin he
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labell&i wapp i@ aphical ‘t%foﬂé%ﬁékiﬁﬁ?’hﬁé ltikd- A 6lvE@ AR esCERe and fluorescence
EnVi sion system from PerkinEl mer) wth a point (PM)
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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 to allow measurements to be made of both spectrum (50 bands across the
range 430nm to 750nm) and lifetime 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 2001].
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m croscope is described, this tinme based on a
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measurenents to be made of both spectrum (50 bands
across the range 430nmto 750nm and |ifetine and

reconstructed using a Hadamard transform The data _.
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accordi ng the em ssi on waveband.” See also [Hanl ey
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[ Schult z 2005]. However these have the drawback that
their intensity is both a neasure of concentration of
Su 108nd al so of the species to which it is
sensitive, thus confounding the two. Qher controls
must be put in place if absolute estimates are to be
The PRéRhti@dentDUPTBVMePd nickRddioTvaslyiifg a Bislogic&SAtiple comprising:
invention provides a nethod of anal ysing a biol ogi cal
(2) paopdiag ednplegisalngmpleinclydong aipliplisy bi Buegsasat spsarpl e

i.ncl.uding a pluraljty of fluorescent species;_.(b L
©) gt PegeBrl S wiin ot SR G et ERisR R Ghecent species in
MNELDHIEC R FIIEsck! Uorescent species in the sanple to
fluorésce; (c) detecting light emanating fromthe
(c) dateptive dgirti engnatipy &det e samplt dneimgodpefettimpedperod vheme after
pul se; (d) generating and storing data recordi ng at
R&14156 he” wavel engt h of the detected |ight against
tLe, a [ a | n .
@ BBl tnd Rl BCAE Bl HikRe Mk bRl GEANER ol abBfied tigh
dediggtinidienpr esence of the respective em ssions from
three or nore different fluorescent species which emt

(e) lanyghsing thaudata vadursigrenner ioribe aesppaivstlifpiames of theafleprescent species

redet erymi ned peri @d, which _.are i.ndisti.nqui.shable from.
BLREHE B ToBRE Bade R RaRE R gl B o b8 itteren
hubRlidd® FeOBE which emit light simultaneously during at least part of said

predetermined period, which are indistinguishable from each other on the basis of their

wavelength or lifetime alone.

The present method facilitates acquisition of a greater number of measures from a sample
containing a number of fluorescent species, enabling a greater insight to be obtained into
the structure and dynamics of the sample. Each time a sample is radiated with excitation
energy, this may risk alteration and/or damage to the sample and therefore there is a need

to maximise the amount of data and information that can be extracted from each excitation.

The current invention proposes the use of both wavelength and lifetime measurements
techniques in combination. The concept is that if it is possible to discriminate between N

species by wavelength measurements, and between M species by lifetime measurements,
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insight to be obtained into the structure and dynam cs

of the sanple. Each tinme a sanple is radiated with

excitation energy, this may risk alteration and/ or

damage to.the sanple and therefore there is _a need to
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studppdy faorwalhgs fdse phemelslsatyngal Igedisaway,Nbéthi the 6pé&ral idnd the lifetime
i ncreases. the nunber of possible sanples from

charpfaristics |4f thekbrisngan dhedexplotisds erapmKiincreasinavbiy, flaxibikitypatforded to
= | atively nodest nunbers with technol ogy
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(2+3-1 =)4 species to (2x3 =)6 species. The advant ages
are faster acquisition, allowi ng faster processes to
In ay@refeired eambaskimons) | the sddteotion psie oebloomphisery detestindithe intensity

. ... bot.h t spectral a the lifetine )
aiscffblion 87 b e BRGfren o e FEThls g &ppiesiof atevelengihs over said
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i | i i t ined intensi
cchBEesnEal be b o BORCERE Pt Mot HPREIGE SRAFHR Fbm thrce or
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these detection procedures are then stored as data for
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imenlR88 o SRSt AF LBGERSCRe%8s FPEpe REM sl Bxtige sotved using
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know edge

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.



of the fluorescent species present in a sanple,
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ibi6f SRR bALoring b P Hi N e it ing from
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Theqpiiepely ionentinne dexteenPraddes efpnaertey for msalysig pr biplggical sample
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anal§$HLE 18R, reéd1EinkPRE RmiSatinhCiruh 11 garii1e GRS E ROpreB&BEmihed period of
. analysing data recording light emanating froma sanple
timedfr dptgeta ther prRseraenphdles pespedityeoémissinns tfrpmagheset ot meore different
resence of the respective enissio fromthree or .
oo ifer@r o WO (3 Lolele SEHLEREL i PRRE L epgnpart of said
predelefiideanRAUE! WhitHl difiSsidds 4r8 3fHerWRE inditirg@isHable from each other on
predet erm ned period, which em ssions are otherw se
the basdicfttheigwastlatydth of difetineaadbneot her on t he basi s of
their wavelength or lifetine alone. The apparatus nmay
i nclude |ight detection neans selected fromthe
f i.Ng: I i.al i i
The il My, brcE Bk B0 llgedhs J0BLEA lohn SRDRAL NSt fosst one
PMT M gpaihligede@Sitiof ,defdtbr ABn amhgiig Qletcdrdy € b &pafidllys parsitibhade imaging
detectors. According to a further aspect of the
detegtay i aorprrayrofaxasieleagibossnsitiyghdetedetisce may be enpl oyed
whi ch may be configured to emt a predeterm ned
sequence of pulses. Preselection of the duration,
Acc¥RuBbandraimel fpebNdems ifvenfbn, 3l exeihtRESlighR 'so8RE PfUbsSEmployed

i ndi'vidual Iy, and/or the
which may be configured to emit a predetermined sequence of pulses. 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 embodiments of the present invention include access to more relevant
and more specific information about cellular systems by multiplexing multiple fluorescent
species. In particular:

e To separate similar fluorescent species. Fluorescent species with similar chemical
structures 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.



| ength of the interval between pul ses may be

facilitated. Benefits provided by enbodi nents of the
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more specific information abgut cellular systens by

mul tiplexing multiple fluorescent species. In

particular: To separate simlar fluorescent species.

Fl uorescent species wiith simlar chem_,cal structures
*  RRthErade repavalariienefieracepy operies adiguvlls pigprwise create a

(LM ESRENSR L BEILALL AT 3! 30 AEABRIALESrond botlB Muorescent
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extracted using the approach described here.

Brief description of the drawings

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

Figures la to Ic are plots of amplitude against wavelength illustrating prior art
fluorescence detection techniques;

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

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

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

fluorescent species according to the prior art;



Brief description of the draw ngs Enbodi nents of the

invention will now be described by way of exanple and
wowaoh/osaser ence to the acconpanyi ng schemati ¢ PCHGB20US/000174

wherein: Figures | ato Ic ape plots of anplitude

agai nst wavel ength illustrating prior art fluorescence

detection techniques; Figure 2 is a plot of anplitude

.against tine.ilJlustrating flyorescence lifetine .
Figtig cb i rijot 8¢ (HEIRF 46pins) piavairRalh U ing (Hisgsihingion between
59%% fRbrdstdrf | | lif drdiBg;
Ot bR sanngh mtelaneb A Ut atng.
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rin) (5 SRk B B e A0 O PR e o
para@idRedhdBerdin®to 4 hatlicn wabbi@fnt 6f Gergvedtibs; a pl ot of
~lifetime agai nst wavel ength illustrating ) ]
Figuge 898 p lovatdiegraeafgeBrorasoshesr datéatipn ghstrumeani egrfeguration according

speci es according to a further enbodi ment of the
K)M?EW@ﬂﬁP¥ﬂE(ﬁ%L§H? DHOW| | ustrat es discrimination between

Figurk U0ELE GRHL of BEAIRS a@Min@ RERIAl & LAMBTdpplication utilising the
paraneters according to a further enbodi nent "of the
presemeyention; atldi gure 8 is a bl ock diagram of a
fl uprescenc detectig& Instryment confjguration

Figuges HradP o sBo% Pleifiob disignt 2BHnst mevrlavehtiPh iree{ugthee egpmples of
b S - Qfg L] ' i nst wavel ength for a FRET
appl%c%%ﬁs@lgﬁsg% thuéf Ffe?éétﬁg@ﬁgﬂpr esent invention; and
Figures 10a to 10c show plots of |ifetinme against
wavel ength for three further exanples of applications
Detaileql [dpserintjon he present invention. Detailed description
An enbodi ment of the invention is presented by way of
illustration in Figure 6, where species A, B, C, D, E
An &RBodimBRY ofofhein$&dtion RPr8inted bh @va?%fbﬂlﬁl@t?atilﬁvﬁﬂ BRAtd6, where
and |ifetinme domain enpl oying tthe techni ques descri bed
speciesr A B, @, WavB| anigFhmenlbg 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 from 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 way of distinguishing 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:
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em ssfon energ
specific aspect of the em ssion energy including at
| east tinme and wavel ength usi ng conbi nation of tine
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excitation |ight source (1) is agile - that is -
This mgy be pwdgtcarmbdtwetby egxicite sresitfifate patts:elapr sneoxes:l m ihe sample
he dur.atio ul.ses, waveband. an

accofisy oI IR OF g PEUP s HIOEN 6 DAy TSR difetimes
over ANGigN e rOtlekhhMe combining long ms lifetime lanthanide with short ns

lifetime small molecule species thus overcoming dynamic range limitations of existing

instruments as well as improving capture speed.

In a further embodiment, the detector (5) is configured to have regions sensitive to
different wavebands so that all photons may be captured. Incoming photons are first
separated into two beams according to their wavelength band by a dichroic mirror. The
photons are then projected onto one of two time-gated detectors. This ensures that every
photon within a particular time window is captured by one or other of the detectors. This
permits collection of both wavelength and lifetime data and thus more efficient and faster

operation with less bleaching.
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The aag%wr@g %%uénﬁ%o?q%eogtrg ﬁmaegl%g%t &%gglﬁ% 8etB8U6D 2 gating

elem6@¥REH 8€2RNECP| afrRhigritMistectar, sPgfatially Yasioatd invaging detector, an
detector, a gatlng
array of Wavelength sensitive detectors, combined with one or more selection mechanisms

including time window, waveband and scanning mechanisms for imaging.

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

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
example the sequence of events within a particular cellular pathway. As shown in Figure

9, one FRET process may be studied by observing the change in lifetime of a donor D1 at
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lifetime to identify and | ocalise characteristics of
Possible ehestieriftmsel maeg|iaduds €1)dsiblpgichl Asictiah i-veragdmiple protein-
w || be appreciated that_other conbinations are
protefggaieFAcHON (h indipicsr he TRipkIsignal) n 6 uaicagrenyigenmetc for example
ion &dIRL "N RY, |40 . JPossile . . .
fon (R HERLD YuPl BEBD, hnl UPBERRE 3T 1 s Py ik pgpmise soecies, for

exanfpla@IN A -RNAL ToX& e PH@ickdrPiEPLR) SftdrMrBf At D dfRSdiscovery
indicated by a FRET signal), (2) mcro-environnent,

to undsystandthe sty ofrt lbenesdlmsribrasponds tie b stimupld, and ( 3)
presence of a structural or biochem cal species, for
exanpl e DNA or RNA. These three characteristics are

Figugd 168 shoPOtha e of 2EMEbHLS CAYRIN 51 YWADBAS LANYsiE RGstem for an
state of a live cell as it responds to a stinulus.

excitpiigumevebead shomd 48Remysempfisiag:conbi ned eni ssi on and

lifetine nalg/s' S ﬁqy tem for an excitation waveband:

“ar VRS ABE D% B RICEirARreseats (A doReal & BBk PEm g cHEP from a
re S r : T, el Rfr
CREREP S 0 B TRl R SR A ven 150
| i dret2.0ms debydientolthbrainand tBe kG @BQFRIBTYné FRETS;

status of the interaction (FRET/no FRET);

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

- a structural probe 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 488nm, in
which D is a nucleic acid probe such as YOYO-1 with emission at 510-550nm and a

lifetime of 1.5ns when bound to AT-rich DNA and 4.1ns when bound to GC rich DNA;



- a probe sensing the mcro-environnment, where B and F
represents the extrenes of the pH probe Resorufmwth
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a structural probe C such agsthe nuclear stain BODIPY
with em ssion at 500- 520nn1mnth a 6ns lifetine.
Furthernore, E represents a functionali sed quant um dot
probe with an em ssion at 625nm and _a conp
C is pifpeetional pebg beed 10bthe Hve irasrdt desr with &Fﬁw@n %il WSy a 2208
lifer 2. excitation waveband around 488nm in which Dis a
Wcl ei ¢ acid probe such as YOYO Il with em ssion at
B arﬁl@r arDRMranek %f' s @bl #Bnedntdl. prveWaRR BOWRE 10 order dye Di4-
AT-rich DNA and 4.1ns when bound to GC rich DNA;Cis a
ANEPREHQ ovithl empisgibe altmmé §701630imearPip Bfetims2poryles {6l 3.Ans; and

em ssi o 560nm wi th 22ns li.fetine; .B a are
E regien Byt Bng o el A ARt aiob e eitia 2 fadef it a complex
lifetileder dye Di -4- ANEPPDHQ with em ssion around
0-630ns and a lifetine from1.8 to 3.6ns; and E
represents a functionalised quant um dot probe with an
em ssion at 700nm and a conplex lLifetime. .The benef

The bneBie housbScHFBNES sy B parnPt ﬂ‘}%’é%‘“’&f( i§dha fEug g gresent?)
and uanf ﬁlﬁbg @h)ayfsttﬂé ! r?e@agﬁ%l Ill jE éﬁ&é?rﬁf' tﬂ@ﬁ%‘f&n gat %%ﬁme time,

ques stem at

in cérﬁﬁarﬁs@ﬁetot téBrentidhal QFpRatisl Nwhiehcoily edlidwoRakery small number of
approaches which only allow a very small nunber of

quahtﬂ!‘ﬂdblquaiﬁoue questions. The exanples are for an
excitation wavel ength of 488nmor simlar. The
exanpl es can clearly be extended for other and

The BAdhIBd Grel K érﬁﬁkc@ﬂﬁuw@‘(@alv@]@ﬁ% Sof FSUnE%aNRhRar. 1T examples can
exclitation band may be sw tched from 405nm for a

clearGFPB2- &fehdeREDr pether, ahd M@8pin Exvitation e@FRICHERSFRIOT example, the

pair, In a further exanple (figur citati
exc%%b%mldmay &6 r‘?&“@@% Frowa 0 i fo1 aa%fi”ﬁg% B %%rﬁe‘é Pifologhbsnm for
ane@l@lglﬁpﬂb ased on a Coumarin derivative with a

em ssi on at Onmandallfetlme of 3ns;

In a further example (figure 10c), an excitation waveband around 360nm was used, a
functional probe B could be used based on a Coumarin derivative with a emission at
450nm 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 characteristic lifetime of 25ns;

a structural component D such as the nucleus 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 a waveband

to be selected according to the quantum dot, typically from 500nm to 800nm and beyond.
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anal ysin e conprising: (a)

@J) Oprioidirgs abimloylmglsmaplesmuﬂmg b pidraldtiy rof faropdsoemalspéoyesof
fluorescent species; (b) irradiating the sanple with a
] g@d@ftméﬂa«r tasnle w@mp@gp xS angEecanging TigEsrey species

in i jor esce; (c) detecting light
emana |ng ronb?ﬂ%sganple during a predeterm ned

RPr dsett g lighffemahit@ly 6@ el k&eple (dhring eNgredttenigindd Period of time
storing data recording at |east the wavel ength of the
det &t dlek pitlgtit against tine; and (e) anal ysing the

ta with refe ence.to the.respective |ifeti

Bt 0 SRS B RE B e e sahEn g o i 0diBed tight
respeclit MgeeFhdsi ons fromthree or nore different
fl uof escent species which enmit |ight sinultaneously

@ir amdysatg theaddta paith referesiag do phe dedpectivienbfitipes i addthe fluorescent

whi ch are indistinguishable fromeach other on th

bas$rsciss 1o ristact Whs Presapenolofhe resegative W@m srompthree or more
t
o el bRLTet RSl DR ARG RO il et pact o

|'i gdid @refRedrinh@df pafod, hehisiarmpd encﬁﬁfncgashﬁaldé grnge eafh other on the
wavel engt hs over said predeterm ned period of tine,

andbagist@dbeingyavelengBobilifsanes doehsity of the |ight

2. A method of claim 1 wherein the detection step (c¢) comprises detecting the intensity

distribution of the light emanating from the sample across a range of wavelengths over

said predetermined period of time, and detecting the combined intensity of the light

emanating from the sample over said predetermined period of time.

3. A method of claim 1 or claim 2 wherein the sample is irradiated by scanning a range

of excitation energies.

4. A method of any preceding claim wherein the sample is irradiated in step (b) by a

plurality of pulses of excitation energy.

5. A method of any preceding claim 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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period of tinme. 3. A nethod of claiml or claim?2
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of excitation energies. 4. thod of any preceding
claimwherein the sanple is irradiated in step (b) by
a plurality of pulses of excitation energy. 5. A

nmet hod of any preceding claimwherein data related to

- nangiBedirafsaly gieesding ghimewhensts ihe fspailt Histdurigneof dhe light
[ t e ovied | nal ysis step

?{gﬁ%%ﬂ)gﬁ (r)rreflttﬁ%%a(ng#le gsﬂ%et%:?%cae ir(r%(éérg F‘gi m wherein the
spatial distribution of the light emanating fromthe

anpl.e.is detected apd recorded, 7.. A nethod of any .
é} g]gglaflﬁ) Iaey Qf%e%ﬂ%F Fip vY eZHip Gfﬁggt Hé}egeef%&t étprgéetern}ined series of
P88k RFumn Rk %ﬁﬁé@ﬁrﬁﬂgd bti&d Y@ife during the
predeterm ned period of tine. 8. Apparatus for
anal ysing a bi ol ogical sanple including a plurality of
fAl cent | es .anpar. S._j din .
SPRERT R aBBRGhES: ohiIGORP Bt St A Bray of fluorescen
bpatiesathel @@stauishﬁcmamglp%tgsshré@ﬁnebﬁsgm DA EIALIdAth febOMMi against
sanpl e during a predeterm ned period of tine, wWth .
Fateert depst theowavedengtis plelighit \emnanpting fromsa edmplealuring a predetermined
fluorescent specjes, to _detect th rese f the .
PRUGLET 0. aRRIEfTRse 10 016 THRPSUVOIIRBHS i (he dPgFRecent species, to
QT RC §RHEseBBS CdfeShaMb BBl Tenlidstits S0 HARCYSIbre different
during at |east part of "said predeterm ned period,
Wapekceat spstionsvidcke entihdight semitltatiestsingdiiratyalat dedst opart of said
each ot her, on. the ﬁ).asi s of their wave| ength or

Pﬁdé‘ieflﬁ%leél Ib“_ﬁé).d’ gVhigh pIRISSigRS gre OHhsrwisE linﬁi;spg@?iﬁ;jble from each
b bn Q&S {s/hﬁ'héél‘g‘%\?elgﬁﬂ%} Rfbulfeomade follow ng: at

[ east one pati y sensitive detector, an
i magi ng detector, a spatially partitioned imging

g@%%@{‘ug :dsf cefaﬁgn @”mc?lﬂc‘h%ﬁ 11%{1’( \é@t\égtgo%n tegnsss%llqe%lcetdl #S8m the following: at

least one PMT, a spatially sensitive detector, an imaging detector, a spatially

partitioned imaging detector, and an array of wavelength sensitive detectors.



