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A net hod of anal ysing a sanple and apparatus therefor
Field of the invention This invention relates to a
- Woretddoeksand apparatus for anal ysing sanpl es of PCT/GB2005/003226
bi ol ogi cal material. Mre particularly, it concerns
the investigation of processks in sanples such as
cells, in away that may not interfere with cel
functioning. Such investigation may provide greater
under st andi ng of conplex processes in |ife science and
medi ci ne, assist the evaluation of new drug
candi dates, and enabl e the detection of disease or
abnor nal Background Exami nation of |ive
Zaacibs od44d] & EARC PR PPRRITHURAIRICQL of cel | ul ar
and sub ceIIuIar processes. Th e study of small-scale
cel lul ar processes has typically been carried out
Fieldusf the idvieghién M cr oscopy. I n sone cases, the conplexity
of the processes is such that tools are required to
i sol ate specific types of processes which can be

s S 04 L el DI I B b o

matefi@ MMRfre fphﬂ%%ﬁlenﬂ' cdBeSS lﬁilxceﬁlvbﬁ fgtaﬁéiQ b pEIeB&sEs 1n s3m les such as
m croscopy) has provi ded tools o hi s nature. %

cellsmiry abwaexthati nmiy cndtt ingtrferes  withd deltl finctanigrplSarh QﬂVCStlgatlon may
intrinsic (such, as am)lecule \M”CUJE present in th

Prov’@ﬁr%i’aéeftlﬁélﬁrﬁt@di%rcé’mﬂ G RRCSESSeRcR; e spienes Adrerigine, Cassist the
evahfahgﬁ) ro%sﬁg\gtAméA}E dﬂﬂ{e S%ﬁ&“emﬂ?ﬂeeﬁjtlél get&ﬁfbn of %?s%égé Gr abnormal

excitation spéctrum eing nor e rongly exci
procésSe¥e wavel engths and | ess strongly excited at others.

It also has a specific em ssion spectrum emtting

nore intensely at sone wavel engths, and | ess intensely

at others. The excitation and em ssion spectra may
M&’éﬁ&é fromthe ultraviolet to the infrared. A w de

range of fluorescent |abels have been devel oped from

chem cal nol ecul es, such as Rhodami ne and Fl uoroscein.
Exanfitatidnest fivel samasles ptovidesedcseshay ehé dpmntey of ogadarf amimsub-cellular

nol ecul es found in |um nescent organi sns, for exanple
procespas. ABrfugRdn off apall-seadheelilas pragesses has typically been carried out using

light microscopy.

In some cases, the complexity of the processes is such that tools are required to isolate
specific types of processes which can be studied in isolation, or in combination with a
small number of other processes. The use of labels (in the form of fluorescent molecules in

fluorescence microscopy) has provided tools of this nature.

A label may be extrinsic (that is, added to a sample) or intrinsic (such as a molecule which

is present in the sample that is inherently distinctively coloured or fluorescent).

1

f

A fluorescent molecule has a specific excitation spectrum, being more strongly excited at
some wavelengths and less strongly excited at others. It also has a specific emission
spectrum, emitting more intensely at some wavelengths, and less intensely at others. The

excitation and emission spectra may range from the ultraviolet to the infrared.
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provi ded the G een Fluorescent Protein (G-P), and

various corals providing DsRed and HcRed. These have
whe@n/oesined AFPs ( Aequorea Fl uorescent Protei PCY/GBI06/003226

fluorescent |abels may be associated wth specific

mol ecul es of interest (DNA, RNA, proteins,

carbohydrates, antibodies, etc). Alternatively they

may be nade to be sensitive to certain characteristics

A wfcﬁ%ﬁg@?f hﬁ@etg%eﬁp DGERIHAAE bodh dRElop¥® oY EnRREAThbREules, such as

t enper at ur e, e presence of a specific enzynme, the
Rhogumrine naml dfluspscdifii duethzy nfitucsedositr ddbels, bhoe clegen developed from

altering their fluorescent properties according to .
molgcies dowkhna i nessent ey ganHBs o ghamnile g Asearet Jellsifisa gvhich has

. Nt.0 ' t t : .
pro a4l Y IRERT B R B S8R 06, B Mo and
HcR88. Pidst hale bdrg BRAGPAFPY LéduotdaTudesdehePafdihs). i N t he

case of the genetically encoded | abels such as the

AFPs. In a known apparatus for imaging sanples as
hown in Figure La, a mcroscope.10 is fijtted with
The frigocenp el Hdy perasiieiisy Wik shp i malestlss 45 TnfieshgNA, RNA,
| BB afafls Mo ids 2BR). ARSRitively thep May®s hidd@. itive t
pm%ﬁso’cfg,r O?gr aefém'lgtfl e The )m cr osc%)pey i 391‘ 1Tt ed wiétqiﬁbe sestive 0
certadp tharadtefistick €sngchlad ismictchadentrhigon, i pdht vadtage abiengalf tammperature, the

the sanpl e may be observed at_ sel ected wavebands. .
presenes pf daPeific shzyRe. W MrpsanceplasPeeitis snaymesebsitatast fogpe), altering

.of. Light  f . Y, REOV ' '
bkl AOPANE RTINS, TR ERERLANTPHGE ks may oo
intro@QEddr &8 céllsl ByrpAatngomrdaY the ceMphedyetnd or BRRABEON. Alternatively
i magi ng of thin sanples. Polarised |ight may be used
they tnoayples frirmet! Hateviadly zdlsipastt dfcdhe obrmad rfynqtian&ngxatﬁtﬂjb agellwint the case of
for exanpl e using

smal | _refractive_ index cha S,
- the gpeticaly gpsogded ixfeds s éﬁ%@‘ggﬁ%r ast (DI O .techni ques.

The mcroscope is fitted with an i mage acqui sition
system conprising a |light sensitive detector 16
Ina kﬁ&ﬁﬁ%‘tﬁui f&ﬁhia@ﬁxg%‘hinﬁ)&via@ kleswit & Figard I, raamizglyscepee b0 is fitted
n

as a canmera, a recordi ng means such as a video
withradlight dewrce i 2 donplwmirating asampledpre Kiomgy en tie fogn of @ lamp, laser
or litgﬁgérgﬁ%{]g?a“@geg %?e}/){%glff)[epgﬁl‘hésgiﬁ%qasgggeeis n?i:‘t}/edb\?vitﬁ ao%‘ﬁ%leglters 14 so
that the light emanating from the sample may be observed at selected wavebands.
Examination of the spatial and temporal distribution of light from the sample may provide

information on the structure and dynamics of the sample.

Phase contrast illumination may be employed to enhance imaging of thin samples.
Polarised light may be used to permit the visualisation of very thin samples with small

refractive index changes, for example using differential interference contrast (DIC)

techniques. P

The microscope is fitted with én image acquisition system, comprising a light sensitive
detector 16 (sensitive from the ultraviolet to the infrared) such as a CCD camera, and
recording means such as a video recorder or computer 18 with a memory device 20, so
that dynamic behaviour of the sample may be captured and analysed offline. For example,

the velocity, distance travelled and path of moving parts of the sample may be monitored.
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the velocity, distance travelled and path of noving

parts of the sanple may be nonitored. The system nay
we@egbo4839 f ocus drive mechani smfor altering tPer/GB2005/003226

position of the imaging focus plane. Various

al gorithns may be used to esBablish and maintain the

optical focal plane. Volunetric (XYZ) and volunetric

time series (XYZT) data may be acquired using

deconvol ution techni ques. By selecting suitable

exci tati on wavebands and/or selecting suitable optica
Thefsyktesr msye employod diowess rdrive mdchanisvafer eltering (pME)tioand the imaging

o YA S EE SHALR ST L83, COVET 8512 it
B B2 EAORRORE GADLE| 520 bl LA i

decVORIbA tedhiquedst Byc §e§1éﬁ‘ﬂi&§ NRijtable exoit@icd waltintfend/or selecting
computer by a user using keyboard 26, a nouse 28 and a
suitafile wphgal Jtlter th@pl@ﬁe@mgm@ tlewa\reil@gﬂe (XY3VZhewg volumetric multi-

contral lines ' fromthe controller to the
wavg @B dinspie e (KYaF2L) B ot Becbiehy ool ecti on al ong
line 32, selection of an objective I ens 34, 34" al ong
line 36, focus along line 22, a liquid dispenser 38
Opeadtong of itheemdd@oscape ersy comriiedtbgla miroscdpe abninglldri deindetsponse to
for nodi fying environnmental conditions of a sanple 46,
comgrgdy fompprecessing Speats inthe fooms of comptat 18ne Iagmystians may be

e LG S g DEOTLAR SR ERSCHOL AL 0.

i ght source 52 for generating an activating |ight
beam 54 for use as discussed below. The direction of
By whe ofcximplei Aigure ghat shsesnsomitg! beesaeiterdiog fipyn dheyapmieoller to the
. 56, The activati,ng lLight beam54 is ipcident on.a .. .
micioRF o Sper apeipgs D ol ERE e ey 2 eRESER; f objective Tons
t Re 3, &Lk G1dugMEne342, ANHqkilCdiBRARY 38 LA6KYy line 40,
34’?%2?%e tﬁo% t he sghplgg46. Li ght %&anggﬁﬁb fron1§ﬂ% e o
envis@Bnel 4mitp4ls slosg Haekd4 foromgdifitiige entiy@ohdmvad doatliton84f a sample
but is not diverted g/{&m rror, 60 so that is passe

S
46, apd Guitrple fransport vait B Erempyipe B¢ semple Herelativy to g lens of the

. _An ou? ut %B qaliggﬁn1the detector 16 is fed to the
mlcr@fﬁ%ﬁ r 8*& [M"he 62. The environnmental unit 42
may control the tenperature of the sanple, and/or the

The apparatus may also include an activation light source 52 for generating an activating
light beam 54 for use as discussed below. The direction of the activating light beam may

be adjusted by a guide 56.

The activating light beam 54 is incident on a dichroic mirror 60. The mirror directs the
beam towards an objective lens 34, and the beam is then incident on the sample 46. Light
emanating from the sample 46 passes back through the objective lens 34, but is not
diverted by mirror 60 so that is passes through a filter 14 before impinging on detector 16.

An output signal from the detector 16 is fed to the computer 18 along line 62.

The environmental unit 42 may control the temperature of the sample, and/or the

composition and flow of gas over the sample, for example.



10

15

20

25

30

conposition and flow of gas over the sanple, for
exanpl e. Sof t ware | oaded onto the conputer enables it
WO e00a02Hsi1Y € | mage data carried on the output sSPUN&B2005/003226
fromthe detector. The software also all ows the user
to select paraneters for the4operation of various
aspects of the apparatus, such as the activating |ight
beam for exanple. The controller allows the
Soft@ald ¥l ntbit g@tcﬁfi’lﬁﬁf& ERaI& Hitd %Eiefé iﬂifagE"tﬁ S Elrkik@9nAhe output
one or nore o | om ng par anet ers: e one or
signAbfremribgdeagonf interest on the sanple (I ocatl on, size
and shape) the wavebands the power level the tine
of start of activation the duration of activation
Thetsgftwgfénﬁ% ]Q(IW{ &l%qggr §e'léﬁ§%)hﬁﬂle@f§ k(?s‘the toE@raH?ﬁ%%‘vanous aspects
en acti Vation cy
of tHee§PhMANRY s@dh dshBe hﬁ%ﬁn@lﬂgﬂt lfdaﬁmf(ﬁrhﬁca leector via a
digitiser at a given data rate. The filter sets in the
n1croscope and the maveband of the illum nating Iight

Theﬁgﬁtgg@ oOYf 16‘?2%“%3 f\ tayg\g tgﬁ)gtr#gectea\(i%ﬁh%é{ugg o? one or more
Ofﬂéﬁﬂﬁgﬁhgéxﬁﬁﬁdbﬂaglng bi ol ogi cal sanpl es including
| uores I'abel s is shown in Figure Ib. It is
simlar to the apparatus shown in Figure la. However,
instead of illumnation Iight source 12, it jincludes
1n thexQuier ity TRgigAT Ok itares onthe samnle (geationasiae apd Fhaga)
pe 55 %%s | ight source is capable of exciting one
rescent |abels present in the sanple by
@géﬁérqgveq hemw th one or nore specific wavebands.
F|I s 14 may be chosen so as to pass light emtted
oy thealnat of sihrtflaeittagidnwavebands. Figure Ic illustrates
attachnment of a fluorescent |abel 2, 2' to a conponent
of therdusatéan ofpctigation

e the number of repeat activation cycles

o the delay between activation cycles.

The computer permits recording of the image data from the detector via a digitiser at a
given data rate. The filter sets in the microscope and the waveband of the illuminating
light source 12 may be controlled to permit acquisition of data sets of one or more

wavelengths.

A known apparatus for imaging biological samples including fluorescent labels is shown in
Figure 1b. It is similar to the apparatus shown in Figure la. However, instead of
illumination light source 12, it includes an excitation light source 11, which generates a
light beam 55. This light source is capable of exciting one or more fluorescent labels
present in the sample by irradiating them with one or more specific wavebands. Filters 14

may be chosen so as to pass light emitted by labels at selected wavebands.

Figure 1c illustrates attachment of a fluorescent label 2, 2' to a component of interest 4, 4'

in a sample 6. Multiple labels may be used to provide information on the coincident
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in a sanple 6. Miultiple | abels nmay be used to provide

i nformati on on the coincidentlocalisation of |abelled
w@ompoeusme s, reveal ing, for exanple, the organP@EGBRVS/003226

of the cytoskeleton of a cell. The excitation |ight

source 11 enployed in the apparatus of Figure 1 may be

pul sed and the detector nay be fitted with a gating

device, so that the tinme taken for a fluorescent |abe

: i Ll f | t S u irati
locali BT S MRIEL CaRHLAD, Lp Rty SR XReH HEE npanizcion of the
cytoslesigred of hgell.escent lifetinme imaging (FLIM [ref. R

Cubedda, J . Phys. D:. Appl. Phys., 2002, Vol. 35,

R61- R76] . An activating |ight beam 54 may enable a

oSSR SRR R, BRI AR oy oo

the ORedigs Byt HiRed Sil 4 %ﬁiiﬁ%ﬁ dbVigdtsoSuf 6R)tithe thieen for a fluorescent
obt ai ned. The activating |light beam nay be directed to

labepter e1nib dight foltavang shreppésd may berised im distinguisinbetwigen different labels

. intense light fromthj.s .beamalte anpl e and/ qr )
in 2 S RENE ST PRt B s T3 Roduadds, &' phys. D
ik Plder CRp1 bserving the subsequent
App%@%é'észoi@%’ tvﬁfe?%?f g;Rht1 lia&eﬁr?gnat ing fromthis region,
and/ or el sewhere in the sanple, information can be

obt ai ned on nechani snms of interaction and/or exchange
An astiveting bl beamedd awy coaplerfedrener wdertiuikingal thecdynggiic processes

. _perforat 2. l. t t FUUTIT

in 2 55hRHE 8 50 Yol B LR W DL0RnEa B8, prigon i

sour€®std BY odtdinddl et acifvatidpe ligl@ﬂ bean® mdyobé aregRdt loeportions of the
envi ronnent of the sanple. graph plotting the

samplatierssch y ohnddrubatethecintasaiight bhmatiebeane giters hgaampie and/or

ti is shown jn Figure 1d For exa e, the rapd .
bleafhed ety DEeR o B Ee i "HHESD I BHCHEHORE] Py observing the
e I I s : t :
o BYQIESETR A SHChebley| B8 7 LFF, WP GO i
samplg Nikfeghaionnean be ddetigsdronanedhyniess iofeintepactioh and/or exchange of
di ffusion rates and the nobile fraction [ref.
varigyedhiRdlgd cBppRAgds. J., 1977, Vol . 18, pp. 129-131.].

The beam may act to perforate a cell wall to allow the entry of an external agent, to dissect

all or part of the cell, to destroy all or part of the cell, or to change the environment of the

~ sample.

A graph plotting the intensity of fluorescence at a bleached region against time is shown in

Figure 1d.

For example, the rapid recovery of fluorescence at the bleached portion suggests to what
extent the label is free to return to the region. The mechanism, diffusion or local

synthesis, may be determined by estimation of diffusion rates and the mobile fraction [ref.

AxelRod, Biophys. J., 1977, Vol. 18, pp. 129-131.].

Further analysis and experimentation may provide access to information about molecular

binding rates, assembly/disassembly and transport mechanisms [ref. J. Lippincott-Schwartz
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Furt her anal ysis and experinentati on may provide
access to information about nol ecul ar binding rates,
wa@e@endisyd di sassenbly and transport mechani smsP¢T/682003/003226
. Lippincott-Schwartzet al, Nature Supp Imaging in
Cell Biol, Sept 2003, S7-S14]. Such techniques are
popul ar to explore the dynam cs and regul ati on of
processes incells, for exanple protein trafficking,
I 0 . :
et al %@éént % ﬂﬁ?%lﬁé sucﬁﬁgxgag nzg B?eyﬁg?ﬁ'gégﬁe#atfc%ques are popular
to efpipld el aynamidd ead Megtgammtoﬁcpdoéessemnni g fhouxample protein
ases as illustrated in Figure le: (1) a pre-bleach
traffighing e lifeimgrandrfaten{secysiipg end Rreakday@d usi ng nor nal
fluorescence for a period of tine; (2) a bleach phase
during which the activating |ight beamis directed to '
Conﬁénhbh'iﬂlﬁ'atﬁcﬁ Pesdeld fRnigee atyWwbé hagbh@rhtas Of "®leaching protocol"
specific wavel ength with a specified higher power
compresiteg fofup phases s ilhistrajedin Hguod 1¢:i me; (3) a post - bl each
phase in which the sanple is again inmged using nornal
fluorescence for a period of time; and (4) an anal ysis
I
(B 2D bRl S, B, ST aBRP P B oudoence for o
di périesli afnimat € and nobil e fraction according to
fluorescence intensity in various regions on the imge
at various tine p0|nts A set of related technlques

e.co I fe t8 P& .
ggeél?@%ﬂ?%/ edl?rl ﬂ%ll ea%%tl{’:f@ \gﬂr’c ILI)%% {I?{‘Cﬁed TI(J) 111un11nate a
ﬁ%@é‘fﬁied"fﬁgloﬁﬁwﬂﬁ ﬁg‘httcﬂ af gpetikie rwa@&léh@th&witlh@ sP&’cﬁh&Iﬂnghé’r power
r epeat ed bl eaching of the sane region, and b eachlng
ot lees] fpoa cewais petiod OEtise;, FLIP, i FRAP) [ref.
Li ppi ncott-Schwartz et al, see above; Phair et al ,
Nat ure, 2000, Vol. 404, pp. 604-609.]. Alternatively,

% ?gs? lbléa@%"pﬁgse Ahich tﬁerk%rr@age ain! 1?11?1' fad ﬁglﬁgtn%rmal fluorescence

ronnen nprise a COITpO

refoeaqﬁﬁoa@f@@id \aﬁdgr oup when illum nated by the
activating |ight

(4) an analysis phase in which the data which has been collected is processed to
determine parameters of interest, such as diffusion rate and mobile fraction

according to fluorescence intensity in various regions on the image at various time

points.

A set of related techniques are commonly referred to as FRAP (Fluorescence recovery
after photo-bleaching). Variants of the basic protocol may be used to further explore the
sy:/stem, by repeated bleaching of the same region, and bleaching other portions etc (FLAP,
FLIP, iFRAP) [ref. J. Lippincott-Schwartz et al, see above; Phair et al, Nature, 2000,
Vol. 404, pp. 604-609.].

Alternatively, a label in the sample, the sample itself or its environment may comprise a
caged compound that releases an active group when illuminated by the activating light
beam — a process known as uncaging [ref. J.C. Politz, Trend Cell Biol., 1999, Vol. 9, pp.
284-287.]. The active group may be a fluorescent label. Alternatively, the active group
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beam - a process known as uncaging [ref. J .C Politz,
Trend Cell Biol., 1999, Vol. 9, pp. 284-287.]. The
wW@eaces18gy oup may be a fl uorescent | abel. PCT/GB2005/003226
Al ternatively, the active groupmay not be a
fluorescent |abel, for exanpl’e the active group may
instead affect the pH of the sanple. The active group
may have an indirectly visible or otherw se neasurabl e
ma}/aﬁgt%ta ﬁﬁ‘ ei&n ?a.@@f QOr Efh éj'tﬁe' LAy g'i@tﬁﬁffl‘aﬂ st kAW R fhe pH of
pattern p ot 0- bl eachi ng e using to observe .
the ehaplgesThda astlt‘reu @raeupenday eiave Jan, indireethb eisipletoradtherMdseu freasurable
Supp Imaging in Cell Biol, Sept 2003, S14-S19.]. In
effegtinsthe sembleque, the bl eaching process is used to
i ntroduce visually distinctive | andmark patterns on
part of the sanple, for exanple a grid, novenent of
In aWiti6R a FBhnRRiectindGHhed faren Hof@bfe@cﬂﬁ@ﬁfa?tb@ﬂﬂmgf t8lobserve changes
exanpl e, mechani snms of nenbrane deformation or shear.
in sRuceme [tdvdl cEii@ht:@ eh af,| Detes cemp bnaghes lha@eli g3ial, t Bept 2003,

L SR N N T

landnf3gY EE&@HQSn g (5f tﬁpg ?fef 0BG eF ¢ril hRIveRBnt 8€vhich may be

em ssi on spectrum an elr excitation spectrum
trackedaoqdr einé e understahé, firoixamplel inveehatibes GFRPhdrtfratd-BEformation or
and Kaede [ref. J. Lippincott- Schwartz et al, see
sheaghove.]. Furthermore, some of these probes allow their
properties to be altered reversibly or irreversibly.
Such probes may be activated (nmade to emt nore
Recé it ®RPSIBpMbats Gh GiuEBEBRdpioBsBad fesaied it @8% 1aBEISNPROItYswitchable
in different wavebands. For exanple the kindling FP
labelfFRVhifhr efe sémsiiveQouthekipvident hght, dn su@i e waghtat theyodange their

L), A2 RS ook e Lo b BEeD
xaﬁﬁ%ﬁtlﬁclaggttﬂé‘#hgfbhﬁ?ilvﬁtat@bﬁbf g“?\ Gﬁ*‘?’ Ca%dt ﬁ@ tE}ef J Lippincott-
undergo the c ro

ange 1 n optica per i es. |s Y,

Schi &tz &angekabobe] UuBethsrmore, semeaf thege probhs ﬁilildvg tliembﬂopenﬂles to be
conponents during the course of an experjnent and in

altered IGYSTHGLY OR GrteHPTHIBY o§é%hs @sot% dRasa de orcyipied nfmade to emit more

1nter§F]\éIS ,l %p rrent&té%si &Ia_aélgl?% (Szggt n%é)n\é/il% Blpc.ll’fffﬁefl‘ji %@i_elﬁnds. For example

the kindling FP KFP1 [ref. D.M. Chudakov et al, J. Biol. Chem., 2003, Vol. 278(9), pp.
7215-7219.].

TInstrumentation has'been developed with an adapted activating light beam to excite photo-

switchable labels and force them to undergo the change in optical properties. This may, for
example, be useful in revealing or hiding labelled componeﬁts during the course of an
experiment and in studying long term processes such as organism development [ref. D.M.

Chudakov et al, Nature Biotechnology, Feb 2003, Vol. 21, pp. 191-194.].

Hereinafter, the term photo-modification will be used to include photo-bleaching and its
variants (FRAP, iFRAP, FLIP, FLAP), photo-activation, photo-switching, and pattern
photo-bleaching.
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Herei nafter, the term photo-nodification wll be used
to include photo-bleaching and its variants (FRAP,

WO BRAB248FL| P, FLAP), photo-activation, photo-spT/CBR6V§/003226
and pattern photo- bl eachi ng. Conventi onal control of an
activating light beaminvol vés setting up a nunber of
activation paraneters and requires the user to be able
to estimate the appropriate values. In general, these

Coxﬁ@ﬁud}ﬁf FJIH%OT of a}f)égﬁ\yagﬁg.li%ﬂgbéaaﬁ ﬁfrvoH/%F1 Q&Hﬁ% 'hﬁ Urfhmber of activation

mat er to set t

parddtéry aﬂhﬂ QBqutifes hﬁe seet 13 Abistd estitfaee thas@pidpriakevalues. In general,
illustration of Figure 1d) and the appropriate |aser

thesp ovee etganingh §y driel ahdretqroingusEplbe mparid.nit meay bodesired to set the

o G eh Rovr n o 1435, P e Ui Bl amd he

appl‘oﬁntafée 1Restp Me@a%uﬁfrdrﬁd dufh4ehe fnuef ‘D‘e”ﬁ%ﬁmﬂeﬁt ﬁf \Y@hieve this.
béet ween 1 nmages) which in turn is determ ned by t

Simdadly,uhe aecavesf fimei cefrthe cﬁh@swﬂ]aéettemnﬂ: tre garapedte rsa;mphng regime
must he defi ned | t he experinment. They cannot

in the Patiitach Reéloé FFaH {ARRes o HElFT RloRd Weeth igagasy fduch in turn is
t |y be applied to changing
deteéljlalﬁ%figgq%?ﬁﬁu?%% eér}l?or Thus fast changes and/or
rare events can be extremsly difficult to study.

addition, in existing Ehoto bl eachi ng procedures, the
The$eee@tW\@$19n afatf@netbﬁsemﬁﬁ g dsfinede pEIST |10 rihE texperimens Sehey cannot be

i he t f
aaaFE T HEPhebBoTu e Tuhdfesh B S araRdr PHCP B S et o
charlghg Sanbple ﬁlia$ GEd Birbt.eTl ¥ BBshgas B8R/ oSHTER Nt bart @eeextremely
invention The present invention provides a nethod of

diffiamlaky svdygy a sanpl e of biol ogi cal material using
~apparatus including processing neans, conprising the
steps of: (a) irradiating the sanple with

In a@ci?éﬁ %@gﬁﬁgl A eg&%lhg Bi&g&%eg gk %éogg{y LR bleach%l}% prevents

ctin romagne ati’on enana
longSB&P lc@m@@@ d;gaeﬁ@e&@d {10ehids 5 Bindk maukmgs)p@nagetsmjeah@labels recover
and (c) no ying the sanple, labels in the sanple
overashortter perinsls @nd |tlneamf@emﬂ1@ﬁre donnilissesidledfleached area.

Summary of the invention

The present invention provides a method of analysing a sample of biological material using
apparatus including processing means, comprising the steps of:
(a) irradiating the sample with electromagnetic and/or ionizing radiation;
(b) detecting electromagnetic radiation emanating from the sample and generating a
signal in response thereto; and
(c) modifying the sample, labels in the sample and/or the environmental conditions of
the sample with the apparatus in response to user input after the beginning of step (a)

and/or in response to analysis by the processing means of the signal generated in

radiation detection step (b).

The present invention may enable combination of imaging, measurement of one or more

characteristics in the images collected, and modification of the safnple, labels in the
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the sanple with the apparatus in response to user
i nput after the beginning of step (a) and/or in
WO e@ponsed t 0 anal ysis by the processing nmeans BET/GIBE005/003226
signal generated in radiati on detection step (b). The
present invention may enabl e%conbination of imaging,
measur enent of one or nore characteristics in the
i mges col |l ected, and nodification of the sanple,
sambRH@hs/ok fhd B@iﬁiﬁﬂieﬁtal 2peiA6nst Srethe RYmpRN BN Ahnual and/or automatic
conditions of the sanple, w th manua and/ or automatic
detegeinatian oA theomodificating pam@m@texsa:tcpmﬂlrmam aheeasirernesmotideg
to the measurenent nade. In conparison, conventi onal
systens require the user to enter nodification
In 0‘3) S@ﬁ%r?réoﬂ@ﬂﬁ@ai %yehone Lgﬂ‘)eth%t el t8ferfté1£m081f1cat10n parameters
erimént, and so %revent ynam c settin
marm‘a)ldiy fhefartel die Gtart dsthepaxporizhet s andnsb tﬂ‘reﬁeﬂt ndBfaadé i e@ing and
C{‘)I‘Obl ng of conpl ex systens. Thus, in accordance with
mod figation wé Hrqse PATASRREIS N thumtqr@qwerpéybm@ of eereplei gpdems.
and executed "in real tinme", interactively, as the
experi ment progresses. Thi s flexibili ty allows |onger
Thuk,| I8 AEGHIAECERRAN ke Mventiéh, PRIBORBUAIRHons tnad! 0 determined and
allows rare, brief and/or rapid events to be detected
execated Sox eehl upme’,, suahctazlial ds fler exparmadnit qrogressest aflhen flexibility
nts. Events that are difficult for n oper at or
alloy, TRge e Cagte @@eea}eﬁ@.tae%cwgw@ b Al aee Batesdries and/or

raplé‘%‘{j/ex?cgttg q)eu@(fl&t%&/\gﬁci ‘?tctteﬁ1 ta§T§1t1 rf%@llfs&m%a{)f hfifhtion events.
usin mcrosc e Irradiation
Eveﬁxﬁ Qldat(md dﬁﬂ’lcﬁ]m ftbﬂ h Umiﬂaﬂtdpefatdrl tghletéw usueh . as Idogncident events can be
el ectromagneti c radi ati on enmanating fromthe sanple
detegtg§ apdha¢tpdtipese be in the formof light transnitted
by the sanple if illum nated from bel ow, or reflected
light if the same is illum nated from above. In a
th?é ehergrednfRBRL s chitRdSaiiPlifing "hC|l1§Hte§mf:1|o§@Hp@S GR& tirradiation is
| abel s, step (a) conprises irradiating the sanple with
provadedi byaan chumitetigy lighhsbuseep The eletioprgeds tdiationi empnating from

e T S bt S S S R0 5 e
fronfHGLSY e feld é%[hg l}ethé R RfinGheaiHAMRARBLIS ener gy

pre efa ionizing radiation, for exanple.

In a preferred approach, the sample includes fluorescent labels, step (a) comprises
irradiating the sample with excitation energy, and step (b) comprises detecting fluorescent

radiation emitted by labels in the sample when excited by the excitation energy.

The excitation energy may be in the form of electromagnetic energy (preferably light) or

ionjzing radiation, for example.

The modification step (c) may comprise irradiating ét 1east a portion of the sample with an
energy beam. If labels are present in the sample, this beam may be selected such that the
fluorescence of labels in the portion is reduced or "bleached". In a particular embodiment,
steps (a) to (c) are repeated after step (c), the period of time between the end of step (c)
and the start of step (a) and/or the parameters of step © When\repeated being dependent

on said analysis by the processing means.
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The nodification step (c) may conprise irradiating at
| east a portion of the sanple with an energy beam |If
WO aweloz18ay e present in the sanple, this beam nBgT/682005/003226
sel ected such that the fluorescence of labels in the
portion is reduced or "bleadRed". In a particular
enbodi nent, steps (a) to (c) are repeated after step
(c), the period of time between the end of step (c)
and the start of step (a) and/or the paraneters of
step (c) when repeated being dependent on said
In a pActkyrsd snibydickent pthecpsiany dpens. Jonasatopeyelebe@den irradiation and
enbodi ment, the apparatus operates so as to cycle |
modifisetipmephasey. zaildhe sasubian change i & arepIppesseisthe aample edetected.
resul tant change in the appearance of the sanple is
detected. In another approach, the nodification step
In ardoftler GRPIAEIS Bfie infdddGladibh BE@p &) dogdFiseRirP@idtingmt Mast Dfortion of the
sanple with an energy beamso as to nodify the optica
samypie oyidr i esexgy Haot oo swito chedifyethie| epsicak prapertieabef] ghaterswitchable
the portion. For exanple, it nmay be desirable to
ﬂumﬁ%ﬁ@ﬁ?—d?ﬁ?pﬁﬂﬁgandiffusion many tines over an
ext ended period. Repeating a known FRAP experi nment
woul d have a cunul ati ve phot obl eaching effect; soon
For ek@ngle] lit woy! e mietirdbte Vo Shdakere idsiarngll plidiucioswnhmhailee over an
| abel s, a region can be switched rather than bl eached.
exterjed pediiodg  Repeating priswam FRAY caxppigmentaw el hiayp gncyrgilative photo-

t her rocess, my;, b asyr ed,. .and 4 QS .
a0 8555 A RS o, KRR ol Sy oot o
regi@Nd4P el §witdHRASHIRIEMAD itteaeRER| EAordiRg to the present invention, a

phot o- swi t chabl e | abel s nmay be "quenched", returning

diffusioar(ot othehgirpcass ingiyriel measated, alpbwber itrie detarmingd ighe processing -
process. By avoi di ng repeat ed phot o-Ql eachi ng a sanpl

meansgthag the; Pges @rgﬂoq gﬁ SUrgpIgn ﬁeco&l;ggtgnghq Hggtﬂtswétgﬁab?e labels

may §aahl S5 13qPr 9&?@&%11&( fhelfrd gl@ﬁa&r?@nﬂ'k%t&r b&FoRCldpefti the process.

neasurenent’s carried out n response to detecte

By abbidaisepedtd pastoaléehing\esanplotal bagaskedeior dehger, and the present
Avoi dance of repeated photo-bleaching is al so .
invelsimedriableala process tadei igneatethyand/ghe spEgnP measurepgents to be carried

out g et BSed B FRL ol o IR ek,

si ngl et oxygen, which may perturb the process under
study, requiring sophisticated control experinents, _
Avoidmte sf tdpested gthoto-bleychigmis alsadieneficijiResf an ReBvanwigf light1 beam is

often intense and its use may result in damage to the sample, or the creation of reactive
species such a singlet oxygen, which may perturb the process under study, requiring
sophisticated control experiments, and is thus not truly non-invasive. [Ref. D E Wolf, M

Edidin, P R Dragsten, 1980, and Proc. Natl. Acad. Sci. USA 77: 2043-2045.]

After step (c), the environmental conditions of the sample may again be changed and the

light emanating from the sample thereafter detected for analysis.

In another embodiment, the environmental change is selected to cause labels in the sample

to release a substance.
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Edidin, P R Dragsten, 1980, and Proc. Natl. Acad. Sci.
USA 77: 2043-2045.] ; After step (c), the
weposopesnent al conditi ons of the sanpl e nmay ageCTGBe005/003226
changed and the |ight emanating fromthe sanple
thereafter detected for analdsis. In another
enbodi nent, the environnental change is selected to
cause labels in the sanple to rel ease a substance.In a
In af furthbye embodiadniehe ent/iiernﬁéntalr&ﬁﬁ?élisaéelé‘d‘ﬂ@ﬁﬁﬁrﬂo%fy the manner in
sel ected to nodify the manner in which the sanplé
whidhinhe spmplgipadéorilabelhin Swrspmpler kespanddotivrailiatianti dtor @mample, it may
For it may ch e _t.he. col ouyr of e saml e or
charg XS BF s sl ol Hhe up o8 pdiugh aaf} o ot spectrum of
labels h |
e st bgné%%“?f b 1 Lo B HR IR orvation
lightt o nodify the response of the | abels in the course of
a process may avoid a need to physically introduce
| abel s during the experinment. The procedures for

The aﬂflfg}p Y Gl gy {ﬂ@ r%ﬁ%ﬁl;eso ﬁ{eolaf)%lg it %@c?uer?éj ro'{ élglfﬁop?sﬁ gmay avoid a

i ment re quirte dl I CU t'0 'mas

needad qﬁhym@zﬂ@l ine@digabils dsrigwirdgpedments KThd pfReddiBs Rﬁ‘rlﬁtroducmg
of the user. Experinents often have to be repeat ed

the lgbgly intpntbe sample Heriemen erxpelmmemtoamj @Ute] dllﬁﬁlcu.iutm master, requiring
0>t he sanp can be

edures are 0 in
s EqUiieTon B RledBe o SBlroh e pbis 05704 Basei Exeariai ofen have
to baoxreﬁéﬁég mhfy s SBIMAE o iy rﬂ@faoblg)lgg&ﬂ% agﬁ"%ﬁh%@r%seare also invasive

roducti‘on of additional
to thacamplat dtl can bé sedrt thaethteractivenmedifiedtet afdabegalBadyl fresent in the
further preferred approach, the nodification step (c)

Sample, Ry PEECAHBE PR $ IR ltﬂﬁ@dlﬁﬁg% pEadditienal, abglse Tegbelstmasebes activated
or SWCBG(PI)H’IE §eqér'ﬁg%grelgﬁ)%r exanple, this may invol ve

an o n-a menbrane of a selected cell in
t he sanple to allow material to pass therethrough. The
opening nmay be forned using a localised energy beam
In a Gwibpr prefearddaapproachf the resdifipdtion stap (Chtempses raedifying the physical
ichis '

struclyf, bt PRy PEGIRS DIt FT E1GSe. i en BV DG OgRAE an opening
ina %%@Sgg 8g§g@ﬂe&gd Bl i BheCBip1eB! dilohom&etigitol &sm&&hﬁlugh The
opening may be formed using a localised energy beam such as a laser, for example. In
this way, an individual cell may be selected in the sample which js exhibiting behaviour of
interest, and the user can form an opening in the cell wall to allow in material in response
to that behaviour. The intensity of the energy beam is preferably selected such that the cell
membrane is able to close or "heal" the opening shortly after its formation. Forming an

opening in a cell in this way to allow the ingress of genetic material is often referred to as

"transfection".

The opening may allow agents such as labels into the cell to interact with or to highlight a
specific structure and/or process in the cell, or otherwise alter its optical proberties. It

may allow genetic material to pass into the cell. Alternatively, material may be allowed to

pass into the cell so as to kill it.
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to that behaviour. The intensity of the energy beamis
preferably sel ected such that the cell nenbrane is
wW@bioe/02431¢| ose or "heal " the opening shortly aPCEGBRI0S/003226

formation. Forming an opening in a cell in this way to
all ow the ingress of geneticl2mterial is often
referred to as "transfection" . The opening may all ow

agents such as labels into the cell to interact with

In cOfitrds? td 18Pl 2 Bq il Gftold SanSiIE HE hkdrGh@BEPHsiREPELER dathple as a
the cell, or otherwse alter its optical properties.

whold, mmygifehii@wof enetndividadlestnadture osyshsas antall tihepecmitted using the
Al ternativel mat erial nay be allowed to pass into

techgique cdqspribes Bhovey I mask 2l BenerBsyed dndPepeingiion vith liquid
dispér'és%%,gvﬁaegébgl ‘\%ﬁg@eﬂﬁ c?ri%}%ﬁ??i%%%?efp Oé{%g]fdgéj %%’aﬁ%ﬁglnwﬁ{chtpqgses through

an 1 ndirvidua
the @gehufg_tféfrﬁecﬁy@the?&le%yqﬁain.i s permitted using the _
techni que descri bed above. It may al so be enpl oyed in
conmbi nation with |iquid dispensing, whereby the liquid
di spensi ng, step.provides th erjal i ch passes
The 17 BaRReR R CORDH P I GF atroty 1 he chiigety i g o frnperature, the
conRR¥hE AN TER Bkaifi QBA fhbgms oPlnd HEnpiardk Q/_Oﬁt@g@?ot‘éﬂt@ﬂ Qffdhe sample,
may be Its tenperaturé, the concentration of a certain
the presence ld apspeoifict dreysapl eéhe pressurelof e spoplent Lableloin the sample
the sanple, the presence of a specific enzynme, or the
may hecsensitive tof theseccosgditioneand agsivpte Wheniaeredeipisniscdrgangp ds reached.
sensitive to these conditions and activate when a
predeterm ned range is reached. |In another enbodi nent,

| In diB@ceroBRRABR! BE ddveoSAeR! of i the Changeds ohaakdde byngltering the

the conposition of the gas adjacent to the sanple. For
composatiq ef theaae ladjacent tth¢hessamylle ey ebamplet labalsdd the sample may be

GRS ef 1SR SLILER o5, o COBEOL Lot O Orfine g,

efbodi.oent, the environment of the sanple is changed
sue y ?&F%gi ating it with activation energy. The sanple

may be irradiated with an activation energy beam
arranged to irradiate a selected portion of the

In a Juridrecmbudémpta theneny igamenpeohihssamplents cdgpgeday iratiating it with

| ar
activafion energy.

The sample may be irradiated with an activation energy beam arranged to irradiate a

selected portion of the sample. The beam may define a pattérn, such as a grid, for

example.

A parameter (or parameters) of the activation energy irradiation determined by the
processor may be one or more of the following examples: the start time of the irradiation;
the portion of the sample to be irradiated; the waveband(s) of the energy; the power level;

the duration of the irradiation; the number of repeat cycles of the activation irradiation

energy; and the delay between repeat cycles.

The modification carried out in step (c) of a process embodying the invention may be

applied to a region of the sample selected in response to the user input and/or the analysis

by the processing means.
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exanpl e. A paraneter (or paraneters) of the activation
energy irradiation determ ned by the processor may be
wor@scoe4smdr e of the foll owi ng exanpl es: the stBCT/GBRIVS/003226

of the irradiation; the portjon of the sanple to be

irradi ated; the waveband(s) B the energy; the power

| evel ; the duration of the irradiation; the nunber of

repeat cycles of the activation irradiation energy;

and the del ay between repeat cycles. The nodification

carried out in step (c) of a process enbodying the
A ppigineter i 3 rtheragodificasiop| df etent ) anayebt Eeferhingth dysthmppirecessing means

..selected in res se to the user input and/or the

with 1g eir‘f/réolegogﬁtatsﬁcggggéﬁglées@pﬁba%%ans. A paraneter of the

nodi fication of step (c) may be determ ned by the

processing neans with reference to data stored by the
In adppheratmsementator, the hexdificapibe wé stept (cpis, ddpeadent on detection of the

nodi fication of step (c) is dependent on detection of
OCCUFW@C%E’EEPF%@W%VWéHé‘%WFﬁ by Eperipcashing meeaganpl e

by the processing neans. Preferably, data generated by

the anal ysis by the processing neans is stored by the
PreféfapBy, adaws geferadt By ftH@'ath?fﬁE by Ehe ERRSiAN SRS ik Nstored by the

determ ning a paraneter of a subsequent nodification
appagatip so TR &0 [fapiltatei isferenpet thetetp nodéterainimgpra paamster of a subsequent

dafnag¥sitn a sanpl e of biological material including
MOS8 EBnt | abel s, conprising: irradiation neans for

irradiating the sanple with el ectromagnetic and/or

ionizing radiation; detection neans for ,detecting
The rimdtinéibn diorteempatvidey dpparmishfor santysmgan dampiepof biolggieal material
. . output signal_ hi response thereto; nodification neans
inclyding Hgpapgogningbelpecomptising: | abel s in the sanple, and/ or

SRRSO, BB S0 S e AR D onin
8@hest;i on means; and

detection means for, detecting radiation emanating from the sample and outputting
an output signal in response thereto;

modification means-for modifying the sample, labels in the sample, and/or the
environmental conditions of the sample;

processing means for analysing the output signal from the detection means; and
control means for controlling the modification means in response to user input after

irradiation of the sample and/or in response to analysis by the processing means of the

output signal from the detection means.

In a preferred embodiment, the apparatus includes data storage means for storing data
generated by analysis by the processing means for reference thereto by the control means

in determining a parameter of a modification by the modification means.

The apparatus may further include display means for presenting to a user an indication of
the electromagnetic radiation detected by the detection means, and input means for

enabling a user to control at least one parameter of a modification by the modification
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control neans for controlling the nodification neans
in response to user input after irradiation of the

wag aroplozisand/ or i n response to anal ysis by the PCT/GB2005/003226
processi ng neans of the output signal fromthe
detection neans. In a preferked enbodi nent, the-
apparatus includes data storage neans for storing data
generated by analysis by the processing neans for

meah €€ repoasd e Uelee®radiBfort OMireRkabE e nPudflegfidTbMibda user to
a paranmeter of a nodification by the nodification

identiBiam specifivel oapipear iatausumpbe/ for armbdificativgl hydthe ansiifieyionasass.
for presenting to a user an indication of the
el ectromagnetic radi ati on detected by the detection

DeudIRAMBscrbini PRI inTEARS or enabling a user to control,
—at teasl of a nodification by the

nodi fi cationnmeans in response to detected radiation.
_Preferably, the input neans enable a user to identity
Priog ag pad iembediraenis pbtheiipveation iyl @opobe desaribed by aay of esymple with

Lfication. means. Detailed description of the
refeleC (G b et i PR S BB EESt "t he 't nvent: on
wi Il now be described by way of exanple with reference
~ to the acconpanying schematic draw ngs, wherein:
Figu¢ daskowsaa Shaksdisgrbinoatka kinevgr Hphtaficaodenpyvapparging for investigating
m Crpsco apparatus for investigating processes in a
Processhhite? SaiRYGr e 1 b shows a bl ock di agram of a known
: r n 11Cr Y, u .oV lgatin
Figor L SRR b R G R B Rbeeh Y BRI Hhpages for
inveafgafihpiproessenin 4 edagpls; Figure 1d shows a typical
. bl each recovery curve for a fluorescent |abel; Figure
Figureles Hisiatgs known gseaefr Birarescent Ikbedssn bl eachi ng pr ot ocol ;
. and, Eigures 2 7 .show fl ow diagrans_of i fication
Fisff) B ool Blefer™E ek R 005 EBesimdiPetiof 1t ne
Figuld NE8HdvAT: 100 €1 7R TRAb AndfSLhiR fottbainafiel er ence fo
Figures 2 to 7 concern photo-nodifTication of a sanple

Figusnsd2 ao T ahewsflow diaganpl ef nlodifidatibn eot@pgpls exccatdéey tdatspective

the nodification carried out
embodiments of the invention.

The embodiments described with reference to Figures 2 to 7 concern photo-modification of
a sample and/or labels in a sample. It will be appreciated that the modification carried out

in accordance with the invention may take other forms.

Figures 2 to 7 represent diagrammatically protocols followed by processing means of a

suitable apparatus, together with associated inputs and control outputs fed to other parts of

the apparatus.

Figure 2 shows a first embodiment of the invention, which allows interactive control of
photo-modification. A user interface allows parameters to be set and/or modified during
fhe running of the experiment. The parameters control operation of the activating liéht
source and/or ancilliary devices such as the examples given in the Figure which may

modify the sample, labels in the sample and/or the immediate environment of the sample.
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in accordance with the invention may take other forns.
Figures 2 to 7 represent diagrammatically protocols

wo odobosdd by processi ng neans of a suitabl e appar/aBa®s/003226
together with associated i nputs and control outputs
fed to other parts of the apparatus. Figure 2 shows a
first enbodi nent of the invention, which allows
i nteractive control of photo-nodi ficati on A user

In do@idraGRain ﬁi"\@hl@ﬁrﬂ?é@ tf4 %ﬁgﬂebe%ﬁf b Qrﬂugpeg{:ént bels in the

during the running o I ment arame
samplen thio provpe atdyde efmdad @MP loviateinagd'l. i ght sour ce

and/or ancilliary devices such as the exanples given

in the Figure whi ch may nDdify the sanple, |abels in

In tfxp %nﬁ%gﬁ'%e%t a?qfﬁ%}f fetpg{r?sﬁ aa?,l}l%\m% Intgxﬁ rul%%re oggeit tI}gtHahaéneters of the

actﬂ’dtﬁ tiighe deak| RaghRs, [HOFQSGEBE iltalal on e $hgisame!
g glrhot ocol may begftern%?g TRAI13 on demand"amp v@aveband(s)

the eﬁw@rd[)ewelnat ﬁlbse:mguc@nm, arhiethsy(mramnabf oetivatihe. Ul‘hemsérols able to

th ar ters, of the activatin ht beam
lma%eoﬁ‘ﬁ rSAEPHy %eli‘%‘&f’ e Yt “ﬁ‘i!ee?fg lvg"ﬁmt ¥ asHAble actiprp such as a

key?‘?e gband(s) the power |evel at those wavebands, and
he duration of activation. The user is able to inmge
the sanple and determne the start tinme of activation
by a suitable action such as a k(icy press. The user may
The yigerappe b@oabclféf%fl@ﬁpﬁ@mé wae o mereefdhe dhetionraitdndroforctivation, the

f |
non i o ep@f RS o viec B R0 Breuty TR R Bontilenett of
the Rtivitim t%ﬁi biBblOAL O sBctBal 4 R pre@Ction such as a key

press. rthernore, the user ‘'may be able to determ ne -
the location of activation and/or the size and shape

f the jrradiate on b sui tab}@e action such as
Furtggaogt eivoR BRY aﬁﬁep pipe U oRatin of RgBlgBRIY/r the size
o TS ) T, IR B0 o o

deviteeqioR nah wosmpafer whdeb. may be control l ed by the user via
the conputer to activate the |abels at an appropriate

point in a process.
A label may have a temperature sensitive domain, and the sample may be held on a holder,

the temperature of which may be controlled by the user via the computer to activate the

labels at an appropriate point in a process.

A label may be sensitive to gas such as oxygen, and the sample environmental unit

controlled 'by the user via the computer to activate the labels in the course of an

experiment.

Figure 3 shows a second embodiment that allows the use of a knowledge base to assist the

user in setting and/or modifying the parameters.

In the embodiment of Figure 3, the system is as Figure 2, and additionally allows a less
experienced user to set certain high level parameters of photo-modification parameters

such as the type of label to be bleached, and the system uses a knowledge base to
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A | abel may be sensitive to gas such as oxygen, and
the sanple environnental unit controlled by the user
WO @etbs1zonputer to activate the |abel s in t hERCT/GBR®S/003226

of an experinent. Figure 3 &fms a second enbodi nent

that allows the use of a kn edge base to assist the

user in setting and/or nodifying the paranmeters. In

the enbodi nent of Figure 3, the systemis as Figure 2,
determieb theldow lorhphninetdromwsbesuded by teexipativere; edciussethe twavslength and

certain high level paraneters of photo-nodification
Poweﬁ&WQheters such as the type of label to be bl eached,

and the system uses a know edge base todeterm ne the

| ow | evel paraneters to be used by the hardware, such
AddiBSnallhea WetE kg iddc @tk e bel :@keb mAL e the Xndlviedge Base.

nor e” experi enced user may be able to nodify the

knowl edge base. In an inplenentation in which the

activating |jght. beam bl eaches, fluorescent ] abels i .

Tn ang SRR B0 bR C e E 8T Bt hos ARrec iokbels in the
i L i y@nt that uses

Sampreh?ggf r#&oﬁ@tr@@%@f%@?ﬁt e images coll ected during
the pre-nodification (observation) phase to set the

_ photo-nodification paraneters. |n an inplenentation in,
Figurghdec phaswe aaikindy epbedjmenigfat peesmipanations extraside foanthe images

ot 3, 1 5 SRSl T BB Gl o 1, Ly posinion

paramidi@kenented in the formof a state machine. .Each phase
in the protocol is repeated until an exit condition is
net. For the pre-nodification phase, the exit

condition, is when the imge al.ysi s nodul e sends e .
In anslfr@f%megatﬁm in lgEh thioadtaig fady %ﬂ%ﬂﬁ%ﬁ&es Ertsent 1abels in the
ondi L] | a&’ﬂ% i JRY nwysi s nodul e sends the
Sampf;et Egééf.og%gp% hqu; It onaFFgg?amters to send are not

shown in this diagram In the enbodi nent of Figures 4a
and 4b, the systemallows the user to set certain

Figutp dibashrewe ithe third: ¢rebodémpntamiphaganieghio the fepm @hp stafe machine. Each

| phasesi%tthcle rf)gotgg:o ! S‘fe};?erz]ltetdhl?ntﬁ E) e%(itocfonhﬂifogrig%étp "For the pre-modification

phase, the exit condition is when the image analysis module sends the start signal. For the
modification phase, the'exit condition is when the image analysis module sends the stop -
signal. The additional parameters to send are not shown in this diagram.
|

In the embodiment of Figures 4a and 4b, the system allows the user to set certain
parameters of the activating light beam, whilst setting others on the basis of information
extracted from the data acquired during the pre-modification phase. In particular, the
image data may be analysed to detect an event such as the motion of a component in the

sample such as a cell in order to trigger the activating light beam.

The user may be able to determine the duration or end of activation by suitable action such

as a key press.

The data may be analysed to:
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extracted fromthe data acquired during the
pre-nodi fication phase. In particular, the inmage data
woryelozisanal ysed t o detect an event such as t heCTYGBR@H/003226
of a conponent in the sanple such as a cell in order
to trigger the activating |ilght beam The user may be
able to determ ne the duration or end of activation by
suitabl e action such as a key press! The data may be
anadtyseide 16a88hH VFH M6yih® pRkidNoOfhe 3aAPI R0diPQY thBetRhting light
the sample to direct the activating |ight beam
beamget ermi ne a change in intensity of part of the sanple
to,direct the activating Light am determ ne L
 ASEITES arehnes PhimsRnat ESHt BartmBE rbreas wtivating ligh
beanfi rect the activating |ight beam determine relative
¢hange in fluorescent lifetine of part of the sanple

t odadérmeing rélhgveacang@in fgedsitghlf pagasfithé o@ple toNEredl the activating
. . nore substructures of interest, such as cellular
hﬂ“é@ﬁ%bnents, organel |l es, vesicles or other particles,

wh .he_ locat i.on andior size.of. th rticle(s),i:s ..

S pERG TR ORBe SR S BT R e TR o4 Bedhibis @ aireer me
activ@ingBgHe beast ructures of interest such as cellular

components, organelles, vesicles or other particles,

whieease t biee | e atdronsubsirudtores shdpieresspeedy adi celbtlarorpmponents,

rel ati ve_ di stance andf{or size of the paé;

i cle( %) is . .
organelled Ye51lqS; QfgRtiet ReFtistesi VRETerige 1PGHEN Badior sipgt lcipe payticle(s) is
| cel: e (such as cell division, cel
used géégi?%& d\lu %%ﬁg}lﬁggg?tg&é,g}néndoct yosi s, exocytosis,
t dbedtat b, orgenset beREhetrest of ) intdrekt Okuchoial Cb&lRiGe cofpornents,

nore than one event to trigger the activating |ight

organgHgsy veaigles reaitatlecal payticdesn tthere thadodationr matien.; shape, speed; Idérection,
relative td}sl[arl]lge (E)llfld/tO]I.j gizcia b %%ip%trtgc?erls)si(s) W&o trigger the activating light beam;

detect key events in the cell cycle (such as cell division, cell death, viral invasion,
endoctyosis, exoéytosis, tubulation, gene transfer etc.) and/or coincidence of more than
one event to trigger the activating light beam;

automaﬁcally control the instrument;

direct the setting of the irradiation source;

direct the setting of the emission wavelength. For example, by following changes
in emission wavelength and adjusting the wavelength of the irradiation light to maximise
the emission intensity of labels in a sample, it is possible to measure changes to
characteristics of the sample and do so more effectively;

direct the setting of the polarisation of the light;

direct the setting of the focus drive mechanism and thus the plane of focus of the
MICroscope;

direct a sample transport mechanism;

set the temperature of a sample heater; and

control a liquid dispensing mechanism.

The data may be preprocessed to remove distortions due to deformation or motion of all or

part of the sample.
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direct the setting of the em ssion wavel ength. For
exanpl e, by follow ng changes in em ssion wavel ength
war@eagisust i ng t he wavel ength of the irradi atiper/GBIE/003226
to maxi mse the emssion intensity of labels in a
sanple, it is possible to medsur e changes to
characteristics of the sanple and do so nore
effectively; direct the setting of the polarisation of
the light; direct the setting of  the focus drive
~mechani sm and thus the plane ‘of focus of the
Figuyg & rsbewspefougihr erobodamenimsl whichaais posde #sdisimnimodylesprpcesses the
.1 te rature .of. a sa e heater: and control a .
image Pig@] %cragx}ergg éaﬁ SF%P]}‘@S&%:&%EWI tixe d'ﬂ?sg aﬁggppgé[e parameter settings,
for eRArBRE OBESHRMnE OF HANRY f SHast & dduRfdse YHStoLRSBER{ABE i ON
or notion of all ©or part of the sanple.Figure 5 shows

a fourth enbodi ment in which an image anal ysi s nodul e

processes the. i mage data acquired at each phase to
In they gmbpdigat PhEIgwE 0, tis sy HpwM B0 s as BRitie selsetiaihpayampigys of the

. , e .
sctivEIERUE bl SRR Bhteh] B ol o RAEBEs B BATRLAIR, exocncted
from W& UL RLPYS dhifigy retieRBIphA Sy, tdirig HBE BIBAER Phadef and during
the activating light beam whilst the systemsets
the Péﬁtkid¢®hoﬂ’ha§¢}elglbwﬂsulélf, the: fiepe e dpte nmaw e oebyded todeteplean event
data acquired during .t re-bl each phas uring the
such i B ARSI cdiepnith Prfe PREPip Lo s BaSRCpbitk: "V
particul ar, the inmage data may be anal ysed to det ect
an event such as the change of a conponent in the
Figureaihgtoavsi o fifth ceebokionem dn avhidiathe . syfenpumevdd Sbmvismaniiof phase to a
enbodi nent in which the system noves froma nonit

modifigation nhaseaceping todhe SHopRativa extiagied fiog ths mages co?lrected. In an

impldERLIRE LORASH TACLER 5O LIPESAA! bRGHE: Wbl in the
impl'énmentation in iC he>activating 1ig béam
sample, @86 pRfodd] ueiyascenhed BRIttt FRA® sanpl e, this

protocol may be ternmed "automated FRAP'. This is

expected to be particularly useful when used in

This g:sog plécr:]t(e:}iltg %evgatrtri]cﬁa{]r% Sée%\ﬁ‘ vtvﬁehr{ lqged in conjunction with photo-switching

labels which can be activated and quenched repeatedly and used to track the lifecycle of

individual components.

In the embodiment of Figure 6, the system allows the switching between a monitor phase
during which the sample is imaged using the excitation light source, and a modification
phase, during which the sample is imaged using the activating light source. The transition
between the two phases and parameters for the phase is determined by the analysis of the

image data collected.

Figure 7 shows a sixth embodiment in which the system moves from a monitor phase to a
modification phase according to the information extracted from the images acquired and
collects the information about the sample behaviour to the activating beam at a number of
parameter settings so as to set up the knowledge base mentioned in Figure 3. In an
implementation in which the activating light beam bleaches fluorescent labels in the

sample, this protocol may be termed "autoconfig FRAP".



10

15

20

25

30

| abel s which can be activated and quenched repeatedly
and used to track the |ifecycle of individual
waeoovponsnd S. | n the enbodi nent of Figure 6, thRCHGBR@F003226

all ows the sw tching between a nonitor phase during
whi ch the sanple is inmged ing the excitation |ight
source, and a nodification phase, during which the

sanple is imged using the activating |ight source.

The transition between the two phases and paraneters

for the phase is determ ned by the analysis of the
In thm@éo@meat ob| Figerced. thei gisrea alleweibe £0Birgl pf the pre-modification

phasEh é%o@ %mgni V\?: Cczr;sttt n %%gtglgrggg%vsgq fr?éo]? 1st[:$ése as " described in

relattdi BETREe ) 185 iRk s QiMitdagh kiABOSR ﬁ@%ﬁ@&rﬁ‘ﬁl‘jﬂn exploration
coll ects the I nformati on about thé sanple behaviour to

of thehposaibid patameterbedthatampleustbey tofuphlyaamt efficsantlyi deyermine the

so as to set up the kno d&: base msn&l oned . in Figure
hardgarq petdpes ﬂweé rRORteR m&ﬁl feAUQH EFUCRe cled v itREEV gm?cess and

theséo&%{fﬁo@' ff@%%%g feh YD GRS ggeﬁoa{eaa@ﬁ dea %gﬁﬁ%ﬂl?ﬂg Svittd Plefire 3. With

ternme ocon
the a@ jateefilterOdetsTitigusy8temn miah &epte @ninﬁalgb @uBing lige ﬁl@ﬂiffcﬁ)ﬂlon phase,
the pre-nodification phase, nodification phase,
for ep;@@plerﬁmmgu achleadbrprperss.eo apenitgn Ale rArameiressef the modification.
described in relation to Figure 5. The paraneters used
at each stage are those that permt an exploration of

Ina Hﬁheli’ QaBollrfer 2tha @Eﬁlﬁfescoﬁfalﬁsr@lesfﬁr?ﬁbl% p?f?)t@§wft&1aglé' 1661y, so that
and efficiently determ ne the hardware settings (laser

the qotiveting lighdibkarnds hola tol actatatg muenticdr byitdnthietlalredtas described above
process, and these settings are Er%éfed t o, know edge

in oI FREATICIHE AR SPRRIENDRY oFi agLmeving OPPIDANENE, medium,
or lop %rrﬁ)eog a%g a&% h\ée%grsotgxie(%alﬁgg{lﬁﬁoﬁ stem may be able to

i on phase, for exanple
dur| ng a bI each process, to nonitor the paranmeters of
the nodification. In a further enbodi nent, the sanple
The dabelsaimy cmqsrm aroatarablyovesusing Shatsseent awdeale sech pniNADH, a

BRI ST RO AR T o .

boun‘&%%rs\éﬁcheﬂ% g@}&el | ed conmponent over short (fast noving
nponent s) medium or long tinme scales (rare events

or confl gur ati ons).
The labels may comprise a pair of fluorescent molecules with overlapping emission-
excitation spectra of the types used in fluorescence resonant energy transfer ("FRET"), and

the activating light beam may be set to photo-bleach the acceptor molecule in a region of

the sample, so that the FRET process may be confirmed in that region.

One of the FRET pair may be a photo-switching label, and the activating light beam may
be set to switch the photo-switching label in a region of the sample, so that the FRETing

process may be confirmed in that region.

The labels may comprise a caged compound that releases an active group when illuminated

by the activating light beam [ref. J.C. Politz, see above.].
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The | abel s may conprise a naturally occurring
fluorescent nol ecul e such as NADH, a cal ci um probe
W@ awh/0a:819 Fura", and/or an anti body tagged w t PCEGB2005/003226

fluorescent nol ecule and bound to a sel ected speci es.
The | abels may conprise a pad®r of fluorescent
nol ecul es with overl appi ng em ssi onexcitation spectra
of the types used in fluorescence resonant energy

In a RS @hbddinBET He eRNBbAQiAE kbds I1NImhy Bhlit bEAY TAYre speciral
be set to photo-bl each the acceptor nolecule in a

bands éginon  dfoddhends tplitl mureosuchas a ep-RETr theroese,s thesgrcietion light
confirnmed in that region. One of .the FRET pair e

sourcg b P Lo bl PRBie e elpriet & ke et s gy eband

. e S t t it ghi B a;

in of¥, BF GfilyehBnZblasitn | RETeRRE ApRL! Lo o TP keislh. Tl may be

adval@g @B b1 the @xéiftioh ight &direeto bEhrildedbel s may conprise a
caged conpound that rel eases an active group when
illumnated by the activating |light beam[ref. J .C

Politz,..see above.].ln further i tot .
e it B SRt S e e R SRR ffeide microscopy
[ref. MPEC tARImsRandsMbhem, 2000 ovehandphi hi1 $our ce such as a

| anp. Furthernore, the excitation light source may be

controllable to provide excitation |light at nore than

In 2 pasRhed B 8 aetasniohs Dot anebe farid e e 5% ource as

us for the excitation |ight source to be
the e%%%ggg?i%ﬁﬁe excitation |light source may be of the type

enpl oyed in fluorescent speckle mcroscopy [ref. MC
Adans et al, Methods, 2002, Vol. 29, pp. 29-41.]). In
The agtivaiinghbghtbepodnaeb:, the activating |ight beam may be
derilvgd fromthe sane source as the excitation |ight.
THE¥Et i vating |ight beam may be: pul sed; an opti cal

t _raqpoe[ﬁfcaptﬁ’ﬁﬂ §PbpticNERAR crafaBaasRNt ; a | aser
di ssection ‘mechani smfor renbving a region of interest
f rephsérhdisssarignl meflmmism for removing a region of interest from the sample for
subsequent handling; or |
a laser ablation mechanism for removing a region of interest from the sample for

subsequent handling.

A localised energy beam may be employed to form an opening in a structure, such as a
cell, in response to detected radiation emanating from a sample. Preferably, a laser is
used. This may be a Ti:sapphire, argon-ion or frequency-shifted Nd:YAG laser for

example. Alternatively, a diode laser can be employed whiph may be less costly.

Exposing a cell to 0.3mW of violet light from a diode laser for 40ms has been found to
perforate a cell membrane. The beam was focussed onto the cell using a x100 microscope
objective lens to form a spot about 1 micron in diameter. This results in a power density
of around 1200MW/m?. The cell membrane was able to "heal" itself shortly after the
process without apparently suffering any long term damage or mutation [ref. Optics

Express, Vol.13, page 595].
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subsequent handling; or a |aser ablation nechanismfor
renmoving a region of interest fromthe sanple for
waenmsogusent handl i ng. A | ocal i sed energy beam Pemy/GBe005/003226
enpl oyed to forman opening in a structure, such as a
cell, in response to detect@d radiation emanating from
a sarrple Preferably, a laser is used. This may be a
Ti : sapphire, argon-ion or frequency-shifted Nd: YAG
The |s§‘1’ﬁ8 rhgﬁl@ lsoSpt8TRAYE be /'}slsﬁ& 1§ 3gteh¥1‘ﬁjté’ the@lodhIREe dn@ssr b@aﬁ‘ﬁ‘ t9&orm an
enpl oyed which rfay be | ess costly. Exposing a'cell to
openrings mWao ftrudtadeets lis gised fio qgenerath dhbeaua@engflaghtm hasl for the
been found to perforate a cell nmenbrane. The beam was
excitpfien, i %Iggjeélﬂto the cell using a xI QO ni croscope
objective lens to forma spot about 1 micron in
dianmeter. This results in a power density of around
In a fi20@MMBBIIMERE thebystete mnyanee \was oabidze photohadctork k6@ 4s photo-
shortly after the process w thout apparentli; sufferin

multmhyr IRy ansk i sranRige Branggmant o the ewcitatiom; ghtEi@mms@ Jor the
95] . Th h
emisifh ghcha? B 23k ok AR BB TR A G R BHFESe P PEt B8 tample

opening in a structure as is used to generate the
activating light beam and for the excitation |ight
The kystam npay lzaveunoteethar wbo dinpging ,detedetor fiedewithaljfftraneliginefiltering
nmor e phot Q- det ect or.s. such as photonul tiplier. tubes
Compé’ﬁ‘amét%égﬂﬂg‘ﬂﬁl %%twaﬂgéﬁf@mm Bhe exci tat i on i ght
beam and/ or the em ssion light path to the detector
and/ or the detector to observe parts or all the

The g@bgbe mayhiee Gited eithnR\atiny devitg, earddnihe exoRatidOgitOsource may be
detector fitted with different light filtering
pulsedopp Bk Hiedimataips farribe flueresrepivsénl t@.emlbhalﬁtfdl@\wgsthe pulse may

ect.qr th a gating device, and
be usFﬂZO g&?%ﬁ”&ﬁ %eﬁx%}\é?rbﬁﬁ{ege&u?agag Smay be pul sed, so that the
time taken for the fluorescent |abel to emt [|ight
followi ng the pul se may be used to distingui sh between
The ainfroHeemby balmplsmeiiied icbatdwakd axd/omsoftyerré.npl enented i n
har dwar e and/ or software.
In a further embodiment, the system may use a confocal principle, collecting light at a

single image plane by the use of one or more pinholes and a scanning mechanism.

Alternatively, a structured illumination technique may be utilised to section a sample
optically at different depths [ref. M.A.A. Neil, R. Juskaitis and T. Wilson, Optical
Letters, 22(24): 1905-1907, Dec. 15 1997]. This may be more cost effective than a laser

scanning confocal system, as it can be carried out using a conventional light microscope.

A total internal reflection (TIRF) principle may be employed in which the excitation light
source is directed to be internally reflected at the sample-sample carrier surface, thus
exciting only parts of the sample close to the surface [ref. Y. Sako and T. Yanagida,
Nature Supp Imaging in Cell Biol, Sept 2003, SS1-SS5.].

Furthermore, the system may use a deconvolution principle, capturing a group of images

focused at different imaging planes, and applying a deconvolution process to allow
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In a further enbodi nent, the system may use a confoca
principle, collecting light at a single inmage plane by
wo b@oss1of one or nore pinholes and a scanni NBCT/GB2005/003226
mechani sm Alternatively, a atructured illum nation
techni que may be utilised t #%section a sanpl e
optically at different depths [ref. MA A Neil, R
Juskaitis and T. Wlson, Optical Letters, 22(24):
voluft@Ote- COVZ) dReqo bkSach8R&].. Vidiusetnigytite seryse3CWET) data, volumetric
effective than a | aser scanning confocal system as it
multi-wiaveleng /(K YaH Zo atay St golymetie, ewlti-wagglenatlyHime series (XYWZT)
1.CHOS A total internal reflection (TIRF)
dﬂagk&%%f%ﬁ§§%%y be enpl oyed in which the excitation
light source is directed to be internally reflected at
t he sanpl e-sanple carrier surface, thus exciting only
A myplgirphoief midiescopgrpinplayingselang wivelepgihf (80€-1R0@dm) Nigh Sakal pulsed
and T. Yanagi da,. Nat.ure Su | ing in Cell Bial,
laser iy Toppabe Sagisien Tt SeFoeh adigh &9 Thhdosing s peagelret. 1
[ I G apturing a group of inmages
wa?%gﬁg@g%g%%gF% g??#?%?ﬁggPﬁg pl anes, and applying a
deconvol ution process to allowolunetric (XYZ) data to

be acquired. Volumetric tine series (XYZT) data,
The {ight, ok flporeseenre MIGKRVIPE TG be xemizgeddwith 2 simplified merangement of

' t | es YW T) data fmay. be ..

saonf b ELNERSRAND, b5 S B AT 310, B, g om e
irradNeiv e i@ ROJNr B the ABVEnB 1At BRAEEh Bl safld 388 collBY the emitted

formthe excitation |ight source and/or as the
light earh aad imdiredt ¢ho abdesentmef . J . Pawl ey, Handbook of

Confocal M croscopy]. The light or fluorescence

m croscope may be replaced with a sinplified

. i e

Al A o e B R o RopE By, P oy i AR pl

irradiation light source and the activating |ight beam

to the sanple, and collect the emtted |ight beamand
The sagipd may be jathomeggnenstnoptlstion af edlsriieh e yell gpléure.  Alternatively,

fl ugrescenc 1 CI 0SCOpe, . e replaced by an . .
the sy aRRRE S ol SR RC T TG SERNRERIa s Bt et = ot
cellul@f a§Rhbfy SthMhsas tigsue Vultufeilat #EB-ceMN shBDRAT N&LY sakaPR; an organ,

sanpl e may be a heterogenous nulti-cellular assenbly
such gsuatheyesoraretied,| orché tnsice; ofatherghtt or a blood vessel; a whole animal, such as
the worm C.elegans, an insect, fish, mammal or amphibian; a whole or part of a plant or
fungus, a dividing cell or an embryo; one of more samples held in a multi-site carrier such

as a slide, or a multi-well plate, which is scanned sequentially; or a material sample

undergoing some change such as diffusion of one or more species.



cellular assenbly such as a tissue culture; a stem
cell sanple; a tissue sanple; an organ, such as an eye
wW@roos®248ma, or the inside of the gut or a bl ooBCTEB3@®5/003226

a whol e animal, such as the gorn1c.elegans, an insect,

fish, manmal or anphi bi an; % whol e or part of a plant

or fungus, a dividing cell or an enbryo; one of nore

sanples held in a multi-site carrier such as a slide,

or a multi-well plate, which is scanned sequentially;

or a material sanple undergoing sone change such as

di ffusion of one or nore species. CLAIMS 1. A nethod
CLAQG perform ng photo-nodification of a biological

sanple, the nethod conprising: (a) irradiating the

sanpl e; (b) detecting one or nore signals based on the
1. Al fehed IbLperiRIhEphdt6-mAEfiegion D a Viol 6BIEH sAfidle IEdMmethod

means to anal yze the detected signals and determ ne
commpre®r nore irradiation paraneters, and, (d) returning

to &ab:aonditioned on the irradiation paraneters. 2. A

me@h JEAREEE R cl ai m 1, where (a) incl udes

I r b70de@édtiﬁg onB®r ST sRnits biscAbrethe GHirkAaRg BahpIe; Sour ce

and/ or an ionizing source. 3. A nethod according to

anie) prsérpechiena mbmi prpcesb@rmeana o amdyzedbs detectad is@nalsgnd

the sanple with a |ight source.. 4. A nmethod according
deterpying,pge O BOEITFAGII0R DaTaniels e?dne bi ol ogi cal sanpl e

in f r v . [ es

de gg‘?ﬁ%ﬁ th 49 ohGfidhed 8081 %%H%th’?%’%féﬂﬁeb& he | abel s.

5. A nethod according to any preceding claim where

(a) includes selecting an irradiation source to reduce
2. Aamathod apeasding towtaimrl, yreee () drntedss dviadiptingethe spapplenwith an

sanple. 6. A nefhod according to any preceding claim
electwﬂﬁge?%ﬁoqrﬁ%?qﬁéggaw&fzﬁ% W&g?%e optical properties of
one or nore photo-sw tchable fluorescent |abels. 7. A

nmet hod according to any preceding claim where the
3. A methdi atcardingao ang pescsding claimie where (a) includes irradiating the sample

with a light source.

4. A method according to any preceding claim, where the biological sample includes a

fluorescent label, and (b) includes detecting fluorescent radiation emitted by the labels.

5. A method according to any preceding claim, where (a) includes selecting an irradiation

source to reduce and/or bleach one or more fluorescent labels in the sample.

6. A method according to any preceding claim, where (d) includes modifying the optical

properties of one or more photo-switchable fluorescent labels.

7. A method according to any preceding claim, where the irradiation parameters include
irradiation source, start time of irradiation, duration of irradiation, number of repeat
irradiation cycles, delay between irradiation cycles, waveband of irradiation, energy level

of irradiation, power level of irradiation, polarization of irradiation, location of irradiation,



irradiation source, start tine of irradiation,
duration of irradiation, nunber of repeat irradiation
waeywbos481del ay between irradiation cycl es, wavPOBROB2@6/003226
irradiation, energy |level oj4irradiation, power |evel
of irradiation, polarlzatlon of |rrad|at|on | ocation
of irradiation,size of irradiation region, shape of
i rradiation, reg on, and Jrradlatlon envi ronment al
size qf Jfrashatien segien, ShanefHpadiatien Fegiony and igpdinfieryenvifaapmental
pmaﬂé? irradi ati on environnental paranmeters include
enperature of the sanple during irradiation,
concentratlon properties of the sanple, pH of the
ng vol tage potential of the sanple, pressure of
8. AtIh ethed pgsoeding tg/damﬂ wheigche nréacbathmvganmleetal aaramoters include

[of0) entra n. asso ted w
temp H3r 6 58 Qo o AR E cotibirieatipS prfbeRior th gl pH of
the sé?ﬁpl@W(ﬁtaFé BERAEA of MRADIHAO PrEQhR GNRe Qa{mﬁ@r %‘1 Rl ﬁ?l?cture of
to establish the irradiation environnental raneters.
the sabple.fandéirigad caneentrdfimmassociatediwiththe winaple. t he devi ces
i nclude a sanple transport nechanism a sanple heater,
a di spensi ng mechani sm a polarization setting, and/or
. Ag?é‘eﬂg(sew?cr? gfd(ﬂ\{%t m 5fiﬁl}r% er éélﬁnﬁﬁvlgiﬁé g% cOnfi Cr%gﬂeﬁgoéf%se&%eans

contr@ls 0ne 88 alorerdavisestto establishztbe ﬁﬂﬂﬁh@kﬁhﬁéﬁvﬁ@nﬁeﬂt@ﬁb@raﬁ@@ﬁd
on sel ectable configurations according to the sanple
and/or a photo bleaching configuration. 12. A nethod

i,ncl udes

10. ARG BTk E PG BRTE LS e BbMes MiFfef Slprg ratipor

hAM6@} h 9t feha t@PVddi P8k i hRkisth N pSARRATon HANRY and
mee |nten3|tyﬂbf gt | eas pa?t of t%e sgnple félatlven&@ra
focus lnixa geechani$muor escent |ifetime of at |east part of the

sanple, identification or |ocation of one or nore
substructures in the sanpl e, and/or detection of one

11. 2 ﬁleﬁRfdeac%m @c%dlr%?blaﬂ% %oﬁﬁ)‘f@fng' c%gﬁg@ril?gnt\ﬁe

precedi ng cl ere the Irradiation- sou
procefuol SeEns Emanamze (Ilad ddteag] sigmlopised ah stlse@BRIconfighAti6tis

di ssection nmechanism and/or a laser ablation
accordigg ke Hiessample and/or a photo-bleaching configuration.

12. A method according to any preceding claim, where (c) includes determining the
irradiation parameters based on: location of a moving portion of the sample, change in
intensity of at least part of the sample, relative change in fluorescent lifetime of at least
part of the sample, identification or location of one or more substructures in the sample,

and/or detection of one or more sample changes.

13. A method according to any preceding claim, where the irradiation source is pulsed, an
optical trap, an optical tweezer, a laser dissection mechanism, and/or a laser ablation

mechanism,

14. A method according to any preceding claim, where (b) includes detecting using a

photo-detector, a photo-multiplier tube, and/or an imaging detector.



14. A nmethod according to any preceding claim where

(b) includes detecting using a photo-detector, a
w@bwbo24sud ti pl i er tube, and/or an inagi ng det ee¢DGBI®5/003226

A met hod according to any psgceding claim where (c)

i ncludes determining the irradiation paranmeters to

forman opening in a nenbrane of a selected cell in

he sanple. 16. A nmethod according to any preceding

15. &tlr%ﬁthed WReFdng ©)anyTEPeRda ¢lein diere () dretidas igtarméning the
a5 L s GPEAEILT Gl in e sampe

bi ol ogi cal material using apparatus including
processing neans, conprising the steps of: (a) o
16. A mueghiidaaccorginghte anarmybeeding ¢aigl, schere (i dndudes furtbi¢rodetermining

.lopnizing radiation:; (b etecti el ectromagneti c
the 1rfa£qtléxpip W%ﬁ;ﬁeﬁgoq?bfﬁ%?ﬁ@ng’ﬁﬁ%%to d generating a
signal in response thereto; and (c) nodifying the
sanple, |abels in the sanple and/or the environnental
17. A omdbdd affmalySinghesasgipbibinidgiical ateappasiag apparaus including
response to user iéRput after the beginning of step (a)

2SP
proceg§ipg gleans, cPERHeRgdhe #eps el ysi s by the processing neans

f. S| - at j j.at] . t] .Step
Bl et A P LA
(b) ngeretiidg efdciomagaaittraliatioh smaditRp e 1EOMMPIS 854 generating a
irradiating the sangle wi th excitation energy, and
T

sighad pn gesporssriperetpeandiet ecti ng fl uorescent radi ati on
mtted by |abels. in the sa e en.excited by . the...
(§ Red§nedhe sflgy tabls i o RGPS g Kok Sitaghtes cfgiions of
tht 8aMPRGHI ﬂie'"h?pﬁ'i‘ﬁﬂisfih‘%@siﬁoﬁ& RLRer i&l?ﬁt ARITRRe B&3nning of step (a)
irradiating at least a portion of the sanple wth an
arglier igyretpoase to2MalyAisrtet the grodessth@imeniisdofithe sigderenedated in
on Claim18 wherein irradiation carried out in the
radiioRdeieeiinsteR &Y (¢) serves to reduce the

fluorescence of labels in that portion of the sanple.
21. A nethod of any of Cains 17 to 20 wherein steps

18. Aapethod (¢f) Caiim 12pwhéreth d@id simpleeincludys fludeespeiti RBeldf step (a)
time between the end of step (c) and the start of st e(ia
compgiggs wradiasing tthe sample with excitation energy, and step (b) comprises detecting

fluorescent radiation emitted by labels in the sample when excited by the excitation energy.

19. A method of Claim 17 or Claim 18 wherein the modification step (c) comprises

irradiating at least a portion of the sample with an energy beam.

20. A method of Claim 19 when dependent on Claim 18 wherein irradiation carried out in
the modification step (c) serves to reduce the fluorescence of labels in that portion of the

sample.

21. A method of any of Claims 17 to 20 wherein steps (2) to (c) are repeated after step (c),
the period of time between the end of step (¢) and the start of step (a) and/or the
parameters of step (c) when repeated being dependent on said analysis by the processing

means.



paraneters of step (c) when repeated bei ng dependent

on said analysis by the processi ng neans. 22. A nethod
w@boocioaism 19 or Caim2 1 when dependent on C BETGB3005/003226

or Gaim20 wherein the nodjdication step (c)

conprises irradiating at |east a portion of the sanple

Wi th an energy beamso as to nodify the optical

pr o&erti es .of photo-sw tchable fluorescent |abels in )
22. A wmethpd of Caim Bhor GlaigiHowhest depsydest omiClping 18,70 Glajm 20 wherein

oL i AN o cas ik _
the R0 oD, (T HobliRb Wbl bl SOTPOHEE® o B LI with an
energ?‘bealﬁ seihedmetlifited 0pidhl WasHeelidd dffpshormehviititdld ARorBiRAt labels
) c) conprises formng an opening in a menbrane of a
in thesparéien.ed cell in the sanple to allow material to pass
t hrough the opening into the cell. 25. A nethod of
Cl aim 24 wherein the opening is formed using a
23. A QfthdP Bf aﬁ?%fg(ﬁla!ﬁﬁ@rm #622 AvitiR afle Qhodihiddd®m did 1) &ﬁnprises
wherein the nodification of step (c) is applied It)o a
modifyeny tha phfsicdietracopd ef #deast pad of thersemplense to t he user
i nput and/or the analysis by the processing neans. 27.
A nmethod of Clains 17 to 26 wherein the at |east one
24. AREATE T T RO LR BB ) Kb domaig g ovening
in a @Rbdbraicooed dectdieceapparind ysmpldSio Alovetdmerislf toChass Brough the
17 to 27 wherein the nodification of step (r) is
openiglg peta dlemeellon det ection of the occurrence of a
predeterm ned event in the sanple by the processing
means. 29. A nethod of Cainms 17 to 28 wherein data
25. A GRARSRS IR 24 RehR&a! NS bfentf s HErRIIAKEHSA REaRRANDef sy beam.
stored by the apparatus so as to facilitate reference
thereto in determ ning a paraneter of a subsequent

Gificati e ! sub: ! |
26. ARPE S MBI 0D 2 W HRPBRS TOUEiSHBYT &1 WeP 19 iBanaliei g a region
of thd'§4 ?fsgl%cﬂefl _riﬁ‘gés%bh@tot e SARpG M8 HeCihl,RIBE B! frocessing

and/or 1ontzin
means.

27. A method of Claims 17 to 26 wherein the at least one parameter of the modification of
step (c) is determined by the processing means with reference to data stored by the

apparatus.

28. A method of Claims 17 to 27 wherein the modification of step @ is dependent on
detection of the occurrence of a predetermined event in the sample by the processing

means.
29. A method of Claims 17 to 28 wherein data generated by the analysis by the processing
means is stored by the apparatus so as to facilitate reference thereto in determining a

parameter of a subsequent modification step.

30. Apparatus for analysing a sample of biological material, comprising:



radi ati on; detection nmeans for detecting radiation
emanating fromthe sanple and outputting an out put

W@ 2@aab4sin response thereto; nodificati on nmeanBCT/GB2005/003226
nodi fying the sanple, |abelg in the sanple, and/or the
envi ronnental conditions of the sanple; processing
nmeans for anal ysing the output signal fromthe

detection neans; and.control neans. for controlling the . .
SRR, P QR PG 28D B 18 GleqTHpiAEnsHe SRd/or fonizing
rah{aﬁ?ﬁ“ ation of the sanple and/or in response to

anal y'sis by the processing nmeans of the output signal

f dentidiemdene fiiri detectingnadiatidn edppaingt fusmahe Chapl® & outputting
i ncluding data storage neans for storing data
aryRpytpigngl By respensy dhefetsy t he processing neans for

SR RS B Noling U Lgho° Rl M 46 SEELY Woior e

ar anet er o e nodi

ervBdfifentdPeonfiR s df Wge @fimpld;ai m 30 or Aaim3 1
i ncluding display neans for presenting to a user an

i pricessingmearts fohenalpsingtheontpiv sigorkitomythe Hetedeiremearsnand
neans,, and i_.nput ans _for ahling a user to contral
A COTEGaReRgs domshnirhliin: the Aogiiiaion mitas hraspossdo user input after

irfsagaﬁbh SRR /oP i R3P&RE% Taﬁa1gﬁse 8 il Pf&@ésﬁsg fABans of the

. Apparatus 'of Clalm erein nput nean
owmasignabfrosmethe detecd@niiesns. a specific |ocation in a
sanple for a nodification by the nodification neans.
31. Apparatus of Claim 30 including data storage means for storing data generated by

analysis by the processing means for reference thereto by the control means in determining

a parameter of a modification by the modification means.

32. Apparatus of Claim 30 or Claim 31 including display means for presenting to a user an
indication of the radiation detected by the detection means, and input means for enabling a
user to control at least one parameter of a modification by the modification means in

response to detected radiation.

33. Apparatus of Claim 32 wherein the input means enable a user to identify a specific

location in a sample for a modification by the modification means.



