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WO 2006/024819 PCT/GB2005/003226 1 A method of analysing a

sample and apparatus therefor 5 Field of the invention This invention
relates to a method and apparatus for analysing samples of biological
matgrigls MayR particularly, it concerns the investigation of preggssssitihosze
samples such as cells, in a way that may not interfere with cell

functioning. Such investigation may 10lprovide greater understanding of
complex processes in life science and medicine, assist the evaluation of
new drug candidates, and enable the detection of disease or abnormal
processes. Background 15 Examination of live samples provides access

to the dynamics of cellular and sub-cellular ‘processes. The study of

small-scale cellular processes has typically been carried out using. light
micro : 5 SHRpILaGE BERhrocesses is such

that tools are required to isolaté specific types of processes which can be
I%tw i%gt'hrg> ilsol%%gg, or in combination with a small number of other

; e of labels (in the form of fluorescent molecules in
fluorescence microscopy) has provided tools of this nature. 25 A label
Ry Bx%e%%i%ﬁ%%@@a‘go'sa %%% t%ﬁ ¥ lﬁ)s%o'rn%h %;gix%uca@naﬁes? of biological
molecule which is present in the sample that is inherent istinctive y
svlstired Yoruprabedaty, Al floarasedht mokiiiraonad aropesetidiesahplgesuch as
SPRCUHM., PRINGIDEESHANGK S CIteshAtHOMANANRIEN KBS 2RI 8RS tion may

strongly excited at others. It also has a specific emission 30 spectrum,
BIATA G RiGTertentanng QorBRIEERNSHES b fekashrisBRiisinsTssist the
fhsexeitationandamissitmepeelia mavld apgedsepudhestEavialetio e rmal

infrared. WO 2006/024819 PCT/GB2005/003226
processes.

Background

Examination of live samples provides access to the dynamics of ceilular and sub-cellular
processes. The study of small-scale cellular processes 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).

+
¢

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

excitation and emission spectra may range from the ultraviolet to the infrared.
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2 A wide range of fluorescent labels have been developed from chemical
molecules, such as Rhodamine and Fluoroscein. Further fluorescent
labels have been developed from molecules found in luminescent
okganisineuies example the Aequorea Jellyfish which has pgevideddiamesaze
Green Fluorescent Protein (GFP), and various corals providing DsRed
and 5 EleRed. These have been terméd AFPs (Aequorea Fluorescent
Proteins). The fluorescent labels may be associated with specific
molecules of interest (DNA, RNA, proteins, carbohydrates, antibodies
é*teyl%rrérﬁaﬁtérwég%&w%%%%taﬁs"gé%ﬁ. o higRiaph molecules, such s
ehametrEstss (Bh!félﬂoa&lﬂn|ﬁlﬁ‘ﬁmelﬂtf@ﬂmnpHhi)&ﬂt&g@ep@%lﬁtlabveloped from
temperature 0 presence of a specific enzyme, the prese .
SR i JDHATES. TR A g O I SERErt pR et has
aceardinhéodresd nhasaetaridticsn THESS, |adésamey beralntpodiuded iNtBed and
SRS LY REssng Dioual e SebrIEmARG AL e HgN Allera Vel

ey ma ormed interna Iy as part o e normal functioning of the cell,
in the case of the genetically encoded Iabels such as the AFPs. 151n a

kRQWI ARRAIAIS fOr gg)aog'nglmépaeew@n&mw%mam (DNA, RNA,

microscope 10 is fitted” with a light source 12 for illuminating a sample 4

RiieipsheabehEligan eniniep, deset lsrmgNeRMtgdiba &l e kg frtive to
Themigraseeneais lited with.eptisalditarsd s Whakthsolight cranatinge, the

from the sample may be observed at selected wavebands. 20

EICAPRRRIG RS Sparag. JHe RERTHET Q. SRAFISG A SIgH frafis tfgee), eltering
ﬂ@éﬁptﬁlaa@syfaﬁaroyt@lgemgrma@mgmthmsgeuetmecmmmynamm ofikle may be
sample. Phase contrast illumination ma o ed enhance i ,
SRR D BT APRSSH (O RSA )}% (YUQ 6 pérniit ¢ em 4 ?sa%lgr?%af% ely
RSy $hin sarmples withsmals porrefrietiverinddxcharngesf fibe exniplbe case of

~ using diffe ﬁI;Wntral Eeggeg Su(&}corﬁlra IC) technigues. The microscope

g eﬁc?nage acquisition'system, comprising a light sensitive

In a known apparatus for imaging samples as shown in Figure 1a, a microscope 10 is fitted
with a light source 12 for illuminating a sample 4b. It may be in the form of a lamp, laser
or light emitting diode, for example. The microscope is fitted with optical filters 14 so
that fthe 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. -

The microscope is fitted with an image acquisition system, comprising a light semsitive
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 dypamic 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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detector 16 (sensitive from the ultraviolet to the infrared) such as a CCD
camera, and 30 recording means such as a video recorder or computer

18 with a memory device 20, so that dynamic behaviour of the sample

may; beigantysed and analysed offline. For example, the velgeity;slistanees
travelled and path of moving parts of the sample may be monitored. WO
2006/024819 PCT/GB2005/003226 3 The system may employ a focus

drive mechanism for altering the position of the imaging focus plane.

Various algorithms may be used to establish and maintain the optical focal
plane. Volumetric (XYZ) and volumetric time series (XYZT) data may be
angpiredising Snaeson\fotutiahite cheitipitsn By s¢tattinthsyitakile: of the imaging
ef)cgcllxtsa 4 agewa‘y%:?&rs]da %%%.ﬁlr sele tlngs%ui!(t)abslglbqgﬂcaanldﬁIt%n z%lﬁs‘the optical focal
volume e mufti-Wave engt S()?%?\Y/\/ and volumetric multi- wavelengl%

tirhees eNesufXiyiVETY) 4 atad mely berac uissdr O feratidh duf theyrhicrosgogarsing
Y8 SAUNBLRA LY AINEroseoRe SRR WSS IIRSRANSRI0, A0, COMMAYEoring

from processing means in the form of computer 18. Instructions may

- etk iptsahElssrpsteobirRitisemnuing YR yrard28Y £nmodseRgieing sulti-

displayn 39 Ry Wanoberampie el ghE thachews, control lines extending

from the controller to the microscope for aspects such as filter selection
along line 32, selection of an objective lens 1.5 34, 34" along line 36,

fopus@angrine A% asdicpsd.dispRReids alongrine Al AR-eMMreNmenidnse o
unit 42 along line 44 for modifying environmental conditions of a sample

A6 SERPRIFEREOITLN A 10 MBvirtY (HESHHpIE 16 MRS T2y be
lensred the thickasoanepy contumingadibeand 280 thersphasaius diaplyedso
include an activation light source 52 for generating an activating light

beam 54 for use as discussed below. The direction of the activating light
Beamamal chenaijuFiecby a doide G6HThbnastixathdgnightbehmdsdtigller to the
NEIR0LA03 NG Q1 AR THE MU AL AV BESHIA AR REAUR IRUAR e 1
b R S e G Sl B S B A v oo
lGghB4' along line 36, focus along Hne 22, a liquid dispenser 38 aleng line 40, an
environmental unit 42 along line 44 for modifying environmental conditions of a sample
46, and a sample tramsport unit 48 for moving the sample 46 relative to a lens of the

microscope by control via line 50,

The apparatus may also inchude an activation light source 52 for generating an activating
Tight 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

30

HowevEY fSRosE reaions ©

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 casmpaiirliscl8 along line 62. 30 The environmental unit 42Mmaysaeisinetz2e
the temperature of the sample, and/or the composition and flow of gas
over the sample, for example. WO 2006/024819 PCT/GB2005/003226 4
Software loaded onto the computer enables it to acquire image data

carried op the output signal from detector. The S(()rf'[ are also allows
et Sl S R R S
afypardtows, tseichrasothe activating light beam, for example. The controller
allows the activating light beam to be directed by the setting of one or

more of the following parameters: 10 the one or more regions of interest
Ornehrefomanpids §lolatio thesizer andedtvapelrntiersvivdbanpative pbweiolswaspects

et e afiagivelonaihe duetion.chactiyatien 15 the number of

repeat activation cycles the delay between activation cycles. The
computer permits recording of the image data from the detector via a

digltiseh.alis: fi¥eR HatRfiand NeHiltREaatsHD dReIPILORSARYRGe or more
waveband of the illuminating 20 light source 12 may be controlled to

PEHG RIS BEEA A sets of one or more” wavelengths. A known
apparatus for imaging biological samples including fluorescent labels is
shown in Figure Ib. It is,similfar to the a[t)l?aratu shown in Figure I

mterest on tle sample (location, siz& and sﬁépe) (
« the wavebands

« the power level

s the time of start of activation

¢ the duration of activation

« the number of repeat activation cycles

+ 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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25 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
Witlh ang/eagaore specific wavebands. Filters 14 may be chesen:seesotoz2s
pass light emitted by labels at selected wavebands. 30 Figure Ic illustrates
attachment of a fluorescent label 2, 2' t a component of interest 4, 4 ina
sample 6. Multiple labels may be used to provide information on the
coincident WO 2006/024819 PCT/G%éOOS/OO3226 51Ioc%gsation.oft. ¢ h
QBRI o ip GhERT, FARBAIHES foPEsENIc th& drgaRiz Ao fTap iAo of the
cyiegkealetooraf @icell. The excitation light source 11 employed in the
apparatus of Figure 1 may be pulsed and 5 the detector may be fitted
with. a gating device, so that the time taken for a fluorescent label to emit
[Gpet dodiowimgligie puise Aagnipdoysddntdhdistigaishabdtigesnt differéatoulsed and
' iq f secent Jifetime. | ing. ( f.
b e, T, et ROt A orecen
el ingiidiebp édlpvaasiiypeliamevabg cep tufdanstariuhstestraiierent labels
dy G AIRGESSES tbRsSampasichas s livnaoefidn manycases. thigs. D

may be based on the excitation light source) to be obtained. The
é&?@aﬁﬁ@-ﬁg@@%eﬁ?ﬁ- ﬁf’a%é‘%ﬂ@cted to portions of the sample in such a

manner that the intense light from this beam alters the sample and/or

bleaches labels present in the sample, and red ce;:st eir flfu rer%gqnce. B
OB PIA G B T, CHARGbLSFP IO BPARR AR GeT DR i Processes
regicamand/aeisewhaie inltife sanypleseinformatiobedandderohbaimedtaivn light
mechanisms af interaction and/ar ex e of varigus,lab Ifl{e_ .

EEIBOarts T B Ry e 0 i e 18] HE D o of e
ofmplestennal agentido Hissbetind@ad|lighparoof dhie kel tdtekssthoyatingy and/or
%ﬁ:gcggst ngb%f‘;”pr%rségt EQ%Q(Q?amﬁeeﬁér?mgttﬂ&Wﬁu&@E@B&@e. By observing the
subsequent changes in the light emanating from this regiom, and/or elsewhere in the
sample, information can be obtained on mechanisms of interaction and/or exchange of

various labelled components.

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 molecuiar

binding rates, assembly/disassembly and transport mechanisms [ref. J. Lippincott-Schwartz
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A graph plotting the intensity of fluorescence at a bleached region against
time is shown in Figure Id. 25 For example, the rapid recovery of
fluorescence at the bleached portion suggests to what extent the label is

frepotaoieiizigito the region. The mechanism, diffusion or localcgxshesics22e
may be determined by estimation of diffusion rates and the mobile fraction
[ref. AxelRod,.Biophys. J., 1977, Vol. f8, pp. 129-131.]. 30 Further
analysis and experimentation may provide access to information about
molecular binding rates, assembly/disassem %port

t | I tran , .
b B SRS Co SCPAER N S00LTop ARt ecmiques we popla
RCHE620056/Q08226: 6.0t atediabive SHippdoeaginguncasll Biol cseptle protein
2003, S7-S14.]. Such technigues are popular to explore the dynamics
gﬁ%%%ﬁ’ﬁla%%% ot E)?%é%t% %%?lggl?gﬁﬁe&%oﬁéé protein trafficking,
lifetime and fate (recycling and breakdown). 5 Conventionally, such

ing techni e ied.as a "kl [ (o]e)
R 1 AR N i prcvco
rowTishngHevsaimshs ks ithatrelddusikégwsritgal fluorescence for a period of
time; 10 (2) a bleach phase during which the activating light beam is
directed to illuminate a predefined region with light of a specific :
wavBlSriflRrIPEECT s Her spewieis dvaEso st AgimHdinggesrence for a
time; 1%,(3) amast:bleach phase in which the sample is again imaged
using normal fluorescence for a period of time; and (4) an analysis phase
in which the data which has been collected is processed to

(2) a bleach phase during which the activating light beam is directed to illuminate a

predefined region with light of a specific wavelength with a specified higher power

level for a certain period of time;

(3) a post-bleach phase in which the'sample is again imaged using normal fluorescence

for a period of time; and

{(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 comimonly referred to as FRAP (Fluorescence recovery
after photo-bleaching). Variants of the basic protocol may be used to further explore the
sj‘zstem, by repeated bleaching of the same region, and bleaching other portions ete (FLAP,
FLIP, iFRAP) {ref. J. Lippincott-Schwartz et al, see above; Phair et al, Nature, 2000,
Vol. 404, pp. 604-609.1.

Alltematively, 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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determine parameters of interest, such as diffusion rate and mobile

fraction 20 according to fluorescence intensity in various regions on the
image at various time points. A set of related techniques are commonly
refesredsdmasdRAP (Fluorescence recovery after photo-blegehifiehos/oo3226
Variants of the basic protocol may be used to further explore the 25
system, 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

|gﬁéﬁﬁtm@eﬂs%&lﬁm@emé@shqm%gm%%a@ﬁvﬁ@ﬁ%ﬁﬁﬂaﬁw%%ﬁ% the pH of
aﬁeC@@@mecommuaMh@ton@Jaﬁ@e&m astivaigraupwiise lluginaied byeib@ble
(I‘fgvatln eam a process known as uncaging [ref. J.C. Politz,

T eﬁHOC“, '?L999 Vol. 9, pp. 284-287.]. The active group may be a
fluorescent Iabel Alternatively, the active group WO 2006/024819
PCT &%%%Otgé 9113121g 7 rg%g (t)t rbne %‘f [[easc 1%? ! }lzg R forlgx d%s orve chan es
actlve group ma ql 2ad affect ?1 B & sam fg he Aetve group 5

ythatxeeafmﬁd&eﬁl&evmgleebrabtlﬁéxménwaﬁuaabm mﬁ@@llowcuhesept 2003,

SAMRIG. P 1N AAALIN:ALLGANILE RO W ASARUEL Bﬁﬁ%cﬂlgﬁﬂlﬁﬂegﬁ%mtwe

be using to observe changes in structure [ref. J. Ellenberg et al, Na

dndpuriayigth Carsisl, Serado Forsrangiod srdiHrotssmmiotieviih may be

hiachingProRess isusathia, Intoduas Miskaly.disHo Ve landmMatktormation or
patterns on part of the sample for example a grid, movement of which

e tracked over time to understand, for example, mechanisms of
membrane deformation or 10 shear. Recent developments in fluorescent

probes has resulted.in new labels 0- SWI Ie labels) which are .
T B RGeS SULTF AR HELT P R e vl
apisl prope tie seadtevingothieir ieohlssi dtglﬁpeﬁtmnh andiay their @xgitatiope their
S&;J%ggugllbperties, altering their emission spectrum and/or their excitation spectrum.
Examples include the photo-activatable GFP (PA-GFP) and Kaede {ref. J. Lippincott-
Schwartz et al, see above.]. Furthermore, some of these probes allow their properties to be
altered reversi"biy= or irreversibly. Such probes may be activated (made to emit more
intensely), or quenched (made to emit less intensely) in different wavebands. For example
the kindling FP KFP1 [ref. D.M. Chudakov et al, J. Biol. Chem., 2003, Vol. 278(9), pp.
7215-7219.).

Tnstrumentation has been developed with an adapted activating light beam to excite pholo-
switchable labels and force them to undergo the change in optical properties. This may, for
example, be useful in revealing or hiding Iabeliéd 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.



15 Examples include the photo-activatable GFP (PA-GFP) and Kaede [ref.

J. Lippincott- Schwartz et al, see ab8ve.]. Furthermore, some of these

probes allow their properties to be altered reversibly or irreversibly. Such

probes may be activated (made to emit more intensely), or quenched
Conventyaltecainl lelsenintatisbng lieiffspantivalesasdisgep axumpre cheactivation

parankdRINAFRGRRL diefuddrNb GhusRkevestiAlatd RIOkyHRPMate?083e qh general,
278(9), pp. 20, 7215-7219.]. Instrumentaﬁgn has I‘tf%i]eg develop d'Wi&fh an "
these g B ARR AN YT i BRIt THHEI S Uit abTB A B IS SHE FdPcest the
deptlatbémtﬁ&hﬂergméh@pﬁmggam i@pﬁealaperdpeﬂtifﬁhﬁti&mayf fBrgwexandpleyd the
appro %a;ﬁg‘?é%r'” 6%?%%%%%%&9@&4&8@'%S%PBQ‘@&QEQ%&HL{Q% RS EaNIS Rl arly,
n 25 experiment and T studying long term processes such as organism
the regeverppimertti[ibe. @uve VOHulsarevs B petrerBleteanpblegiEerep Pobs, post-
bleaclf Bkrivh AR -38h Jderainafiarnthgeis mrpbotowmadifigatian;wilkR8mined by
used to include photo-bleaching and its variants (FRAP, iFRAP, FLIP,
the digualey aoqtiG Sivation, photo-switching, and pattern 30 photo-bleaching.
8 Conventional control of an activating light beam involves setting up a
number.of activation parameters and.requires the user to be able to
e S S R S B R AR B 5 I SR g e
adaptgd doesrdr duing suigslndiveateridis trrays bhag dBirapmraeh tie ¢dptheotpplied to
chan A6H\EHANLONRE$2YR0 %3S Ihikearsadnothe lvetratian ol frigure tix tremely
... and the appropriate laser power setting and duration must be determined
diffiqtQI§g8-this. Similarly, the recovery time of the curve will determine the
appropriate sampling regime in the post- bleach period (number of
images, interval between i es) which in. turn is determined by the
I B e B0, MR R TG R ppvoms
long theeespaintemerTheyicalimonbe) adtstedaoirgioihlangingioonditdnelThesover
over MEABS ORI IS RPREALH-CARRNY ReARRHGH IOy changing.gamples by trial

~and error. Thus fast changes and/or rare events can be extremely

Summary of the mvention

In a first aspect of the invention, there is provided a method of analyzing a sample of
biological material including fluorescent labels using apparatus including processing
means, comprising the steps of: (a) wradiating the sample with excitation energy; (b)
detecting fluorescent radiation emitted by labels in the sample when excited by the
excitation energy; (¢) creating images of the sample according to the light detected in step
{b); (d) analyzing said images to detect the occurrence of a predetermined event in the
sample; and (e} modifying the sample and/or labels in the sample by irradiating a selected
portion of the sample with an energy beam, and/or modifying the environmental conditions
of the sample with the apparatus, in response to detection of said predetermined event in

analysis step (d) either by a user providing user input or by the processing means.

The modification step (e) may comprise irradiating a selected portion of the sample with an
energy beam such that the fluorescence of labels in the portion is reduced.

The steps (a) to (¢} may be repeated after step (e), the period of time between the end of
step (e) and the start of step (a) and/or the parameters of step (e} when repeated being
dependent on analysis step (d).



difficult to study. In addition, in existing photo-bleaching procedures, the
recovery after bleaching prevents 18fg time course experiments (I
Omins+) in the tracking of change since the labels recover over shorter
The medibdstandidretenftey therpistodidesngible bisachediares Bavmmaty vith an
energthbeimesatianttnradiisy aspeptiohiipedpsteiet @, there isjichride dlaomethadiabels
in theQfcialyzing a sample of biological material including fluorescent labels
using apparatus including processing means, comprising the steps of. (a)
t 0
The df%%%ﬁ%ﬁé%ﬁﬁgﬁ%%%%ﬁ%ﬁ%%a e e S of
G ergy, (c) creating images of the sample according to the light detected
in step (b); (d) analyzing said images to detect the occurrence of a
he mpgfshanaY fRANSYSATIRTHR UAMRIAORE ) HB ARG REIS AhpIs Rt rell in
th@ sdapdgiritioey santpielby Travihtinga beleptathpoiticheotatie sample with
an energy beam, and/or modifying the environmental conditions of the
The dprAIplElTbER@RRRNEiNS ailbaipehsestgydetaation of said predetermined
event in analysis step (d) either by a user providing user input or by the

In thiQ'QSESSINAMEARS Jé‘iecﬁ?Pgéf@Q&@cﬁfﬁ%@%ﬂﬁ%%ﬂ}%'?&éﬁﬂgiﬁﬂg%é}mmm
of in} ré%Ft%%cP%Egliﬁ‘slo{JE?nlnt o, o et gﬁm 0 3H BRENS, material in

uor e steps

e orti
fespﬂgaereptﬁg o%fé?% yisiie @%PE&%@%&% e e (LS EU R
cell mENHBSSIRAP QSHPE8)CANARSH thRS SReBRSheTp HiFF (5 fﬁﬁ@ﬁ%‘bé&t’éﬂmg an
Open’@élﬁba&éﬂéﬁdbﬁt‘ﬁw&ﬁéwgi‘é’ é@éar{%r)essézf BREHHIAKAID AsstEs ey iREsd Lo as
“trangdgationSe irradiating at least a portion of the sample with an energy beam
so as to modify the optical properties of photo-switchable fluorescent

The dabglsy itthg Ipartigenithadnadifitatiomsiend(etinay cemprisetmadifyiighlicht a
specititespyaicabalivetire el elleRstRAN RS WRWRIRY its optical properties. It can
allow genetic material to pass into the cell. Alternatively, material can be allowed to pass
into the cell so as to kill it.

'The modification of step (e) may be applied to a region of the sample selected in response
to the user input and/or the analysis by the processing means.

The at least one parameter of the modification of step (e) may be determined by the
processing means with reference to data stored by the apparatus.

The data generated by the analysis by the processing means may be stored by the apparatus
so as to facilitate reference thereto in determining a parameter of a subsequent modification
step.

Embodiments of the present invention may enable combination of imaging, measurement
of one or more characteristics in the images collected, and modification of the sample,
labels in the



The method may further comprise forming an opening in a membrane of a

selected cell in the sample to allow gnaterial to pass through the opening

into the cell. The opening may be formed using a localized energy beam.

In this way, an individual cell can be selected in the sample which is
sampexhiitnahebavioumefintesagitiand dhehusangde faith ameopeningdn sheymatic

cell wall to allow in.material in_response ta that behaviour. The intensity of
setengli o e A R P Lo e R
close or "heal" the opening shortly after its formation. Forming an opening

In co%ﬂl?aﬁ%lni,né&%é%ﬁ}ﬁgl allowihe ingressef genets materiabigaienrefariatcrs

0 as "transfection”. Thé opening can allow agents such as labels into the
manughyy 1§5HETaliowitir 8 HithIgIeanspdcifeutterireVaAt gy ppBtesssing and
modith@teall ootetkenyise-alier itsi apticaliprappitieso bigant eloplgensliens.

material to pass into the cell. Alternatively, material can be allowed to

pass into the cell so as to kill it. The modification of step (e) may be

Thus applisgealanegisiilofthbaimpie sgfedtedmwm@pmnsechorn@eﬁdﬁs@ﬁmumay be
deterﬁ?lga[&) ri0e anglysis By 18 RpIgcesng.Meas: Iheatleashnbs: RABREIE!. This

of the modification of step (e) may be determined by the processing

exitriss sl ovithl PERSFEHE (9 UARCSRIGRIBY iR b pRRAYG ST el aliows rare, brief
and/cganpratec:hy themnalysisby-the areaessing sieans mAyrae stered by Wetwtion

apparatus, so as Ié{ogtac'litflte reference theret_ot in d{etermin'hng a 8araH1e1;[er ;

eventgt BT LAhAR AOHLalbr: S IS AR e oS IR TS e

can bmdstenabledectlingiion of imaging, measurement of one or more
characteristics in the images collected, and modification of the sample,

labels in the 9 sample, and/or the environmental conditions of the sample,
Whesgithenarasarameydiodutoraaticddetdrmiition bethaHiseifieltiote irradiation is

provid@ianelersarrRictingi intheuneasHEamenbmagttic radiation emanating from the
sample can in that case be in the form of light transmitted by the sample if illuminated from

below, or reflected light if the same is illuminated from above.

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

ionizing radiation, for example.



In comparison, conventional systems require the user to enter
modification parameters manually pefore the start of the experiment, and
so prevent dynamic setting and modification of those parameters, and
thus interactive probing of complex systems. Thus, in accordance with

For eSRRedments obihadayantion, sich nodiicationsnay:be elgrmingd 8hd an

executed "in feal time", interactively, as the experiment progresses. This

extendpaxstigalnedny ér AR i exPsHimenis Yo 'Be B8Nt dctdm kg Phote-
bleachdI@WEIareobrigheanll/abtapisbe ventsi e deie pledcandi rbitddeupbels suekpion
as all fertilisation or mutation events. Events that are difficult for a human
can b 5 B LAbt A IS oo e O S Sl Son.
diffusigpoior Whereptegsresentmathotisicandediout Usindetetightesh Ry dbegpesessing
meanstl{}g{r{ﬁgiﬂgg&ésarﬂ'é?ﬁ?segx@é&@ﬁ{%}mf5‘@89%1@@@9 O:E.W%tchable labels may

electromagnetic radiation emanatln_g‘from the sample can in that case be

be "qusnpRebEmicHHITERE (FAFRMR SR By AHEBARSH MR AtBaiBR tieiBRCer: BY
avoidigf egieddipphitdhe sameds thmpnates Hormahaviyr Theexcitalionteengts of

can be in the form of electromagnetic ener eferably light) or ionizi
the DrESERATBHE L SATRE O Ror S A L B B T LA to e
carriefntna-oetbsliffusian destasetiflesrovamamndxtendsdt pepodoRepesting a

known FRAP experiment would have a cumulative photo- bleaching

effect; soon the cell would not be visible, Using photo-switchable labels, a
Avoidesgion! canigiedvinberied eamerghinabiaRpsdicré rdi 18 @b dighe rteam 1s
often SithRPrAgEN veptionaulliffugiand@er athae) pregessOMaY: kecamrasuradactive

. and when it is determined %?ggeé)ﬁrégces%ing means that th%éqro ess it

speciesnahiP ifs ASLIrEMertis COMpibte, #1d SOt SWHRHABIS TS6E I SH Sy TFaving

sophidtuead hediraeturing¢hematal tirethosigirialrstatep beforsirepéBtifgine Wolf, M
Edidif) P raBY A VARG EARSALCAROIRICACNIDA A SARIR SN DY Imaged

or longer; and embodiments of the present invention enable a process to

be repeated and/or a series of measurements to be carried out in

response to detected fluorescent radiation over a prolonged period.



Avoidance of repeated photo-bleaching is also beneficial as an activating
light beam is often intense and itsij e may result in damage to the
sample, or the creation of reactive sfpecies such a singlet oxygen, which
may perturb the process under study, requiring sophisticated control

The ab%ﬁﬁ%%&ﬁﬁngg fésﬂ&%en&{tﬂé' lbél:gl]é?gl ﬂpﬁ?es%(%rriggf 33%6\%%-%(%% é\%]rg]@'ﬂ need

i ragsten,1980, and Proc. Natl. Acad. Sci. USA 7 ) .
to physial Bbijadrasolity it duwdap dhe evrametabeld mrmsebueseion aprseeyae the
labels Miay aveidamgedidanhysicallydnteducedalels derneulbe&xpasiiietbquiring

i e e e Sl M e v
10 be ﬂepemddgenartd@dlIInnhhewaﬂMi@@@iﬁx@dmmdm havdsdorbesive
to the r%gf@%‘?%%%é‘ R t%%?ﬁt&%ﬁﬁﬁﬁ%‘&?%ﬁﬁ%ﬂ‘?@f pieh %’i?e%%g/i#?és&{lei? the

also’invasive to the sample. It can be seen that interactive modification o
samplegpals it Saen isrBBEHEH HHeo Brrpneomidd it dahd phypbidlamaydefuetiorpted
or "swakRditional lakelsibabglsamay be activated or "switched on" in a

selected region. 12 In contrast to dispensing a liquid into a sample to alter

the composition of the sample as a whole, modification of an individual
structure such as a cell is permitted using the technique described above.

It can also be employed in combination with liquid dispensing, whereby

the liquid dispensing step provides the material which passes through the

opening formed by the energy beam. The environmental conditions of the

sample to be changed may be its temperature, the concentration of a

certain ion, the pH of the sample, the voltage potential of the sample, the

presence of a specific enzyme, or the presence of the sample. Labels in

the sample may be sensitive to these conditions and activate when a

predetermined range is reached. The environmental of the sample can

also be changed by altering the composition of the gas adjacent to the
sample. For example, labels in the sample can be activated by exposure



to a predetermined gas or concentration of a predetermined gas, such as
oxygen. A parameter (or paramete(i?) of the irradiation energy determined
by the processor can be one or more of the following examples: the start
time of the irradiation; the portion of the sample to be irradiated; the

In conﬂ@s\fefg%ﬁ%égs?rﬁérhelﬁi?l?&q}{i&rﬁesglg ﬁrt@XﬁErt%?edc%@#jgﬁt?&{%? the Sam?};e as a

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

wholegmptiB@ERy Yetilebirdguat sjerdyra 3uh assetoridlalipoetvitiad using the
technidieRtioR bHABIBSPIOVIGie RMhaRRARIMSITRT anabisinea SamPIguef dispensing,

iological material including fluprescent labels, comprising: irradigtion ‘
wherey g A O R Wil BFRIALN Berg ol e gine
formeddrndéteeting fluexescence radiation emitted by labels in the sample when
excited by the excitation energy and outputting an output signal in
response thereto; processing means for processing the output signal from
The emyaesnsaivncrishieny erdbtesiiiie dobthels@emslenmiobifiatismassdnze, the

concef@atHRAIFYIRG e W@J@;ﬁm@/ﬂ%@%}?ia ing 5@%@;}@@%% Hehe sample, the
environmental conditions of the sample; and co tr?i r%%ans ]é?fr co%téﬁ?[:lngy b
Presenge ol SRES: bﬁmﬁsoé&?ﬁspfﬁ?%@ &y %f@gfé ‘portion otTrEsample” °
sensitiwétbbaheen eogylibeasramhdéar o mbdifya the dengiromateniat e donetitiness of the
sample in response to detection of the occurrence of a predetermined
event in the sample by analysis of said images either by a user providing
The epgepnapitdr dythth saprpicesying shdardhansedapp atatishihy ivenngsitesaof the
aas adfleEROR MRANDSIAE SteF @Qa(i%’%?e%ﬁﬁ@@lﬁ%&%%@b@éﬁr@%ﬁ@ti%&@@ﬁ%osure

means for reference theretq by the control means in determining a
0 2 PrSEPLTBIRT GBS PhSOMTERTEHBY thE RSTIRERIBT AR AR 3§ Patus

may include dis_plfaly means for presenting to a user an indication of t_he
A parlMAESESNLiAdIRNoN, radiated, detected by joe detection %‘fﬁl%sfp%%gs's%‘%“éan be
means for' ena Eiln.g a user to control at eﬁgt one parameter of a _
one onfpekficdtiba Byltraracaifieation thacsdds e spohedrtadgiiestdbe portion of the
sampiflu@esaentiradiatipny The ML HeaRsMayse MRPIS A SRR the duration of the

irradiation; the number of repeat cycles of the activation irradiation energy; and the delay

between repeat cycles.



identify a specific location in a sample for a modification by the

modification means. 14 Detailed d?scription of the invention Prior art and
. . . . J .

embodiments of the invention will now be described by way of example

with reference to the accompanying schematic drawings, wherein: Figure

in a scRAIGYRA DIOGK HRGEAT e KROND.0Y IGIASEARK APRIAUSIPE sampic of

) investigating processes in a sample; Figure Ib shows a block diagram of a
biologigabwhaleidrbstiedipgiclbausirrabpabstss frMAvESEgaiffy brovessays  for
irradiaaﬁscamalgarﬁigaraillﬁ iBﬁSffzﬁI@ﬁ knewn, ui?eeeﬁﬁﬁqmﬁe ﬁb{aﬁmgiﬁ@ Wreokébcence

. .shows. a typica acin recover urve for a fluorescent label; Eigure le
rcia G RSy ARt o DR Rl M ERI gy and
outputs'h@\nm‘Igwltdliiag'@laisi@mﬂmﬂiﬁ@ﬁniﬂmm@lm@siagooﬁdmg_f@@ pe@psem@the output
sional STRRCEIMADISALING:IAKE Qﬂo&e&Q‘%xﬁQ%%Q%f“ﬁ{%t%a‘?ﬁﬁféE'%&Yﬂ&*&tﬁsﬂe{i’?&&% for

_to Figures 2 to 7 concern photo- modification of a sample and/or labels In
modifying Mp|samnlGirBe/ apFredmnta din sterde niedive dhis s edinameial ronditions of

the sa@%w,raﬁ@ce?mm Eh@amﬁﬁt@hﬁlﬂﬁrfg?ﬁeoﬂﬂ@cﬂ” dﬁtwmn higkies 49 16 irfradiate a
r pres.ent agrammatica pI’OtOCO S owe roCess, eans.or a
selecte] AT ST TS ST e AL CEtEl TIOLRE B e ats gt
condittonsthérthpastsnpi ¢thim apgamataso Fgurei @nshbvis aofirstremizodinaeptedbthienined

event iH"tﬁ?t'&%ﬂlg loi%ha"i‘ﬂi‘? 5 IDISTAGUNG, GO0 UL LRRNOANAAINEAIN B YSE Lt or by

Interface allows parameters to be set and/or modified “during the running
the Prafiigigxetifent. The parameters control operation of the activating light
source and/or ancilliary devices such as the examples given in the Figure

hich nodify t le, labels in th I d/or the.i diat
The a%vﬁ\}/%igﬁmﬁéﬁrpgaﬁee @gﬁ%@%& 1%62%1% Ii[(])r s%ﬁ%gga?aag%neggtede bljrfn ar?lglylsa: seby the
processing means for reference thereto by the control means in determining a parameter of

a modification by the modification means.

The apparatus may include display means for presenting to a user an indication of the
fluorescent radiation radiated detected by the detection means, and input means for
enabling a user to confrol at least one parameter of a modification by the modification
means in response to detected fluorescent radiation. The input means may enable a user to

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



WO 2006/024819 PCT/GB2005/003226 15 In an implementation in which
the activating light beam bleaches flyorescent labels in the sample, this
protocol may be termed "FRAP on demand". In the embodiment of Figure
2, the system allows the user to set the parameters of the 5 activating
Delightidodani pompoiSimg irthentegion of interest on the sample, the
waveband(s), the power level at those wavebands, and the duration of
activation. The user is able to image the sample and determine the start

Priggastomdctivhosimsyta elibsory aetion wilb Rk be Rescphsdson yahef ggemple
witRayrherblp hdetesming ane ahmeiecdtheiduatinaremend of activation,
the number of repeat cycles and the delay between cycles of activation,
and the wavelength of the activation by a suitable action such as a key
Figinesd aFsirtivermaotdothe disgramaytbe ahlevto detbrminedhepipcatiparefus for
m\%% é@?ggﬁmg/%e@&sﬁgn% and shape of the irradiated region by
suit tion such as mahipulation of an input device such as a
Figigm plitdonio add opk | diseramg Thinlaos e A aaRC S BHEREORY BN iy for
mg@ggm@grg@ys@@}ﬁ@gm@ holder, the temperature of which may be
controlled by the user via th ompute ctivate the 20 labels at an
Figs o @ﬁ'llf‘ﬁ‘?‘é{rb%%(g uﬂ‘%ﬁ@m‘%&? e sensitive to gas such as
Figxydenshand m@pﬁmmme}hweoame;ntakwibmﬁum‘many treluser via the
FgATRYGLI0.achata e lbels I s caulss of Anexpedment. 25 Figure
S'Shows a secon 0 ment at allows't se o a knowledge base to
FigwsisPtive7 sberinieetiiegameof modifiagahdiviraphefscorfing éo respective
enabadiment ofFigueg;dn the system is as Figure 2, and additionally allows
a less 30 experienced user to set certain high level parameters of
photo-modification parameters

The embodiments described with reference to Figures 2 to 7 concern photo-

modification of a sample and/or labels in a sample. [t 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 mputs 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 aliows parameters o be set and/or modified
during the running of the experiment. The parameters control operation of the
activating light 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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such as the type of label to be bleached, and the system uses a

knowledge base to WO 2006/024819 PCT/GB2005/003226 16 determine

the low level parameters to be used by the hardware, such as the

wagelrpailkand power level, Additionally, a more experienged; daefosnay226

be able to modify the knowledge base. 5 In an implementation in which

the activating fight beam bleaches fludiescent labels in the sample, this

protocol may be termed "expert FRAP Figure 4a shows a third

embodiment that uses information extracted from the images 10 collected

&R AR PHHETSTEARRIRCHRH (badAig)jashRsamd kahppiiuorescent labels in the

phaie:ragdifieaiionnpanmeatass. "FrRAP isaRlemgatation in which the

activating light beam bleaches fluorescent labels in the sample, this

protocol may be termed "clever FRAP". 15 Figure 4b shows the third

émbodintedinieplefriégted M the foremofistateemashinacEdehyphagerinof the
otocol is. repeated until an exit condition is.met..For th

e RO AR AT KR WG RIS, e wavcband(s)

modatecsdrigs théstartsigphardromhérendodifioatidhaphiesmpthEhexiter is able to

sandiiendswhen ne.image apasismege seRms eSIaRa30 iRl us a

The additional parameters to send are not shown in this diagram. In I'Ehe

EiFsRment 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-BiBTRARe AR A3 Sl BEIi COfaP! (e S irsgd BARR A gWeohneijaden, the

idpieet apaveptisyehiagdheimationef aeRmponsRbidihensHPRIS SKehn of
as a cell in order to trigggr_ the activating light beam. The user may be able

PSRRI O X HARR S P SHH 8F AV ABH by suitable action such

Furthermore, the user may be able to determine the location of activation and/or the size
and shape of the irradiated region by suitable action such as manipuilation of an input

device such as a computer mouse.

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

Iabels 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 sefting 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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as a key press: 30 The data may be analysed to: WO 2006/024819
PCT/GB2005/003226 17 determine location of a moving portion of the
sample to direct the activating light beam; determine a change in intensity
ofweadioehthe sample to direct the activating light beam; 5 detarmwpgisco3226
relative change in intensity of part of Elge sample to direct the activating

light beam; determine relative.changé in fluorescent lifetime of part of the
sample to direct the activating light beam; locate one or more

r intere S ) ts, 10 orga

R N e P RN Ry
pisveIderrio direct the activating light beam; locate one or more

substructures of interest such as cellular components, organelles,

vesicles or other particles, where the location, motion, shape, speed,
AiddansHy . remtivetnstitreelatier oragi e BHene pariidhe frerdeleadasigger

the activating light beam; 15 detect key events in the cell cycle (such as

cell division, cell death, viral invasion, endoctyosis, exocytosis, tabulation,
Ty andtpaTTRraiEee utor Cuirtiderte 1&%1%?%*%?%08%9@\9@%8%}?38@@ the
sthgBctivalingdightbeanicautamagieal lyroartrol the instrument; direct the
setting of the irradiation source; 20 direct the setting of the emission
wavelength. For example, by following changes in emission wavelength
Fandeadjusing thetvitav etetnglimaditiiedrrach admhghtiocmesdmisom the images

collected during the pre-modification (observation) phase to set the photo-modification

parameters.

In an implementation in which the activating light beam bleaches fluorescent labels in the

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

Figure 4b shows the third embodiment implemented in the form of a state machine. Each

' phase in the protocol is repeated until an exit condition is met. 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.

t

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

samptle 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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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; 25 direct the setting of the

fagysEMegnechanism and thus the plane of focus of the MEIASERESH03226
direct a sample transport mechanism; set the temperature of a sample

heater; and control a liquid dispensing’mechanism. 30 The data may be
preprocessed to remove distortions due to deformation or motion of all or
part ogthe s.amPIe. WO#006/024819__PC?'E B2005/003226 18 Figure 5
shows & Totifth GrABBRITh&rE AT RE SR #ha eesg?fﬁée/st% st pbcateg dent

tenjmage data acquired at each phase to determine the most appropriate

parameter settin for.example, the amount of light to in orderto . . .
Comp LBt S S B e TR A B R oo
bows the user to set certain parameters of the activating light beam,

Whi|stgg@r§¥§gqaa§ggscgm§g%9&%}gieﬁa afinformafia gzglf&&%é%dﬂ}g%%atmg

the data acquired during the pre-bleach phase, during each phase,
ligharng the post-bleach phase. In particular, the image data may be

analysed taifetentan avant i diskichoas erhanss.af & CaMPARRNLB:thg me

sample in order to end a phase. Figure 6 shows a fifth embodiment in
RRHEhEEYBE3M moves from a monitor phase to a modification phase

accorglipgelodie informatiamextiasied fomdaieimagas e9llegted: IBdponents,

implementation in whjch the activating light beam bleaches flugrescent i
ERSERD Ty cHETE SN, RHIC LRt G iy AL LA o s i

used to divect the activating light beam;

locate one or more substructures of interest such as cellular components,
organelies, vesicles or other particles, where the location, motion, shape, speed, direction,
relative distance and/or size of the particle(s) is used to trigger the activating light beam;

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

automaﬁcaﬂy control the instrument;

direct the sefting 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 fo
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

conirol 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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This is expected to be particularly useful when used in conjunction with
photo-switching labels which can be activated and quenched repeatedly
and used to track the lifecycle of individual components. 20 In the

el asliment; of Figure 6, the system allows the switching betweeRdos/v03226
monitor phase during which the sample is imaged using the excitation

light source, and a modification phas#, 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

25 image data collected. Figure 7 shows a sixth embodiment in which the
Kysterh rhowe:ffomla cmbnidiatephasevidch madifigatioriyphaseduteprdiagto the
.the information extracted from.the images ired and_collects th .
e R AR TR s,
fouenibeplof 30 pacanhefdigbettingsiderds tonelegpbive imolifiealie base
mentioned in Figure 3. In an implementation in which the activating light
beam bleaches fluorescent labels in the sample, this protocol may be

Tetip eenbadisesniid —RE P! i ey Soueipysts PETIGBLCOSI002P2e S i the
208 £ AGH LofFigured sthesavsismualows the canirot offiiGation extracted

pre-modification phase, modification phase, pos_t-modificatior;*%hase and
fegmapeid Bhaser s Ldudrb B prerBietibrrhaseigiivens. rnblpanrietersukdnring
1 gaghRlrde R thase hallpermitian @xpleration & ehidapesidect an event
ters of thE sanggge S0 as to quickly ang efficiegtly etermine the

aram
Shott fvRre-batEh g5 4 CROMIBET &R PROERESIRIT AT ANSH! BRY%Y an iterative

process, and these settings are passed to knowledge base mentioned in
onnection wit J(%gur . With. th opriate filter sets, the system may,
R A I G B, ey S b BT Bt 8
nblédchtjprogiess, amamitmgtor e garantoteestofcthe odific atiazes tollected. In an
implementation in which the aciivating light beam bleaches fluorescent labels in the

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

This is expected to be particularly useful when used in conjunction with photo-switching
labels which can be activated and quenched repeatedly and used fo 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 iraged 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 IabeIs‘ in the

sample, this protocol may be termed "autoconfig FRAP".
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In a further embodiment, the sample contains one or more
photo-switchable labels, so that the activating light beam is able to
activate, quench or switch the label as described above in order to
ohgeive halabelled component over short (fast moving corppeeaislnes22e
medium, or long time scales (rare events or configurations). 15 The labels
may comprise a naturally occurring flUdrescent molecule such as NADH, a
calcium probe such as "Fura", and/or an antibody tagged with a

~ fluorescent molecule and bound to a selected species. 20 The labels may

comprise a pair of fluorescent molecules with overlapping emission-
bxditatiohsipeetiaddf Hmty Jo sheseybientl abeescdrceorssd nednthe rergyodification
transfer (\ERET"), and the activating i a S L y
T N R e L R
FRET ratess mahbeasonfianaydh aherchegion 225 DRk thiltber PR ETepRlRration
Heaybe-a Bhotssuiiching labeh,And tBe,activatingight keamkmav ke ssl the

to switch the photo-switching label in a region of the sample, so that the
IeREvRIR Pepiie §4SRTBP P cOMERHIR RARTERIdHOTHE A8 g process, and

GRMRHSSA §AUBML COMPRINGNA Hale ARRE ARAGlIVEngEakh WheNFigure 3. With
illuminated 30 by the activating light beamére_f. J.C. Politz, see abov

( bove.].
PIOEREBIYE ABTS BETRE BBETS b 285 qﬁ%ﬁ%ﬁﬁﬁ&f%ﬁhﬁ&bﬁiﬁﬁ%?ﬁl?ﬁ@h%@
RXciatipn ighhsawkech bamays emihono X prespesiral thandsifienoa.
broadband light source such as a lamp. Furthermore, the excitation light
source may be controllable to provide excitation light at more than one
Tdistifactwanebaticen, drel ermipldistingnistnbeween diffarenitediabls ldbels, so that

oOMme.pProcesses, it ma 5 antage r itation.li r
L
fluorescenbspecide iclod copypofiat WeC shxghifist apeying eoragsemen 2pedium,

éé'%t%%hﬁgsé?éﬁ(]mpe events or configurations).

The labels may comprise a naturally occurring fluorescent molecule such as NADH, a

calcium probe such as “Fura”, and/or an antibody tagged with a fluorescent molecule and

bound to a selected species.

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 iflominated

by the activating light beam [ref. J.C. Politz, see above.].
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10 In a further embodiment, the activating light beam may be derived from
the same source as the excitation light. The activating light beam may be:
pulsed; 15 an optical trap or optical tweezer arrangement; a laser

dissestionmechanism for removing a region of interest frompthe:s2mMmplRs226
for subsequent handling; or a laser ablation mechanism for removing a

region of interest from the sample forz‘%ubsequent handling. 20 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. -
1o oy CTAREAE S TRy e A FE AR S ArGOR e spetl

re, argon-ron or
vietutecyashiftedhiel YA daser forchexamplepAlBiratiedye attiogeitaser light
can be employed which may be less, costly. 25 Exposing a cell.to. 0.
R R e T T
icetindeenibraieinginehbéamenmsifieressedhsino thie calngsiptyeesst®0 it may be

SIRSE0RE PRERALFIEAS{9, /002 80l ghgui L micron in diameter. This

result§ in a power density of around 1200MW/m2. The cell membrane
was able to "heal" itself shortly after the 30 process without apparently

BsiRgianY: p&)ﬁ%%@@@%t@é alipnlref -ip@lﬂﬁ%séﬁpﬁ&%}yﬁt&g&copy
595]. 2006/024819 PCT/GB2005/003226 21 The same light

[g‘ggfé B tistla 5 Gede A thElotiiBRu%ErErdy -beam to form an

opening in a structure as is used to generate the activating light beam,

and for the excitation light beam. )
In a further embodiment, theg activat%lg light beam may be derived from the same source as

the excitation light.

The activating light beam may be:

puised;

an optical trap or optical tweezer arrangement;

a laser dissection mechanism 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-shified Nd:YAG laser for

example. Alternatively, a diode laser can be employed which 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
obj-et;tive lens to form a spot about | micron in diameter. This results in a power density
of around 1200MW/m*. The cell membrane was able to "heal" itseif shortly after the
process without apparently suffering any long term damage or mutation [ref. Optics

Express, Vol.13, page 5931.
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5 In a further embodiment, the system may have one or more
photo-detectors such as photo- multiplier tubes and a scanning
arrangement of the excitation light beam and/or the emission light path to

thgsiaigaiagand/or the detector to observe parts or all the sSpaRl@2089&3226
system may have more than one imaging detector fitted with different light

filtering 10 components to distinguish-detween different labels. The
detector may be fitted with a gating device, and the excitation light source
may be pulsed, so that the tim(g taken for the fluorescent label to emit

TigheSiowrib IRE SIS RayBe (8t g B RESR dififefft form an

tabeily 15 Thewaniollenmaydevinpplertented iochandwarghandiar, and for the

sof% are .Iﬂ further embodiment, the system may use a confocal
excita OP h% t cam. i . . :
principle, collecting light at a single image plane by the use of one or

more pinholes and a scanning mechanism. 20 Alternatively, a structured

' inati ique ili ctiona s I ' t
e el S AR s o
oakiphsr 2pbpy ankb E5sepeDEEEEMaY 73f This kit nlight dean and/or the

EHeGHY S thaph@ RSRE REANNISAANIRGRYSIST R8N D6 CaT R Shille.

using a conventional light microscope. 25 A total internal reflection (TIRF)
principle may be employed in which the excitation light source is directed

Tadsinernahyrieiested althensampips ampiecanigrssfagerthtSgnt fittering
exciting only parts of the sample close to the surface [ref. Y. Salto and T.

SPHRIRTEY, ¢ IR T i8R0l Sept 2003, SS1-SS5.). 30

Furthermore, the system may use a deconvolution principle, capturing a

roup of images facused.at different.imaging planes, and a pg/in a '
B SRoeiosh s i 3 dhobthes SouE0 b 1o e RSBb OBt oBss ey be
pulsed, so that the time taken for the fluorescent label to emit light following the pulse may

be used to distinguish between different labels.
The controller may be implemented in bardware and/or software.

In a further embodiment, the system may use a comnfocal principle, collecting light at a

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

Alternatively, a structured -illumination technique may be utilised to section a sample
optically at different depths fref. 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, S51-585.].

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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20

22 volumetric (XYZ) data to be acquired. Volumetric time series (XYZT)
data, volumetric multi-wavelength (XYWZ) data, or volumetric
multi-wavelength time series (XYWZT) data may be acquired. 5 A
MetiRlRies gnicroscope employing a long wavelength (80G-dge@asm)daighy
speed pulsed laser may form the exc%ation light source and/or as the
activating light beam [ref. J. Pawley, Handbook of Confocal Microscopy].
The light or fluorescence microscope may be replaced with a simplified
{@Qgg[r?a; f r, ifving objecti nd_ dichric . .
‘%}ﬁirror to direc I?g t?ﬁ%ﬁ@%@%iﬁ%ﬁﬁ géntﬁé%eggﬁmﬁgﬁﬁammtm
Tighit WewenstHE EAED daandicohbenais emitiedvidinzte imeandite (RESYZT)
dhienfielegion. Alternatively, the fluorescence microscope may be
replaced by an endoscope. 15 The sample may be a homogenous
population of cells such as a cell culture. Alternatively, the sample may be

A2 Relerogencus midiiselipay asseminaveR R afpll Luikre: B Wed pulsed

cellular assembly such as a tissue culture; a stem cell sample; a tissue
laempIe 978 gun X SliviPAS EH SPRTET ARAME, B thie ARIaES Hebighrast el .
Hlokeg, vessebok wholefanindalcssetpals 20 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
Buchglaoa Slidesanes muttieseelicptade, whighasdceirinedsegifedtiattynanant of
material.sample undergoin e cha uch as diffusion of one or.

T B R T T M) Sty B om e
itshidliotivalighueruatip mahibeinclivding pebtbsaine Nik) MiGIVERISMEdhée emitted

lﬁﬁ%ﬂ.a@%i@@&t@%tg\&%@gle with excitation energy;

Alternatively, the fluorescence microscope may be replaced by an endoscope.

The sample may be a homogenous population of cells such as a cell culture. Alfernatively,
the sample may be a heterogenous multi-cellular assembly such as a cell culture; a multi-
cellular assembly such as a tissue culture; a stem cell sample; a tissue sample; an organ,
such as an eye or retina, or the inside of the gut 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.



(b) detectirig fluorescent ' radiation emitted by labels in the sample when
excited by the excitation energy; (c) creating es of the sample according

to the tight detected in step (b); (d) analysing said images to detect the
occuirmso: of a predetermined event in the siunple; and (e) motiffying the
sample and/or labels in the sample2By inadiating a selected portion of the
sample with an energy beam and/or modifying the environmental of the

le with the apparatus, in response to detection of said predetermined
event in analysis step (d) either by a user providing user input or by the
processing means. 2. A method of Claim t wherein the modification step
(64 Wmmgummesmgmﬂﬁmwmm 1 eing
% =im of Iabels in .the ortion is rodumd. 3. A

method of Clai whircl steps a I%Wa‘fgd after step (e), the
q@,}’lmﬁtfﬂgﬂﬁ;@ O 1 TTeTo Mo ) and the start of step (a) and/or
the parameters of step (€) when mpeatéd being dependent on analysis
stepdetseing Aontived: atdistionranai by Wasn WeLi R RGN by the
step&gﬁwg&ggg irradiating at least a portion of the sample with as
energy beam so'as to mod|fy the optlcal properties of photo-switchable

flepreantigtiifafes JTRHQBmp herein the
modification step (e) comprises mod the physmmtfﬂ%n?g‘rt of the
SShasdlydog sxidtimsped @aiers chenpsiaiResiersing MeRRSRE

me ﬁﬁa selectexi CCU in the sample to allow materlal to pass
through the opening into the cell. 24 7. A method of Claim 6 wherein the

QpBWﬁQ%WMwEME%@@w" vy Od'ﬂgg;gg 2 of

step e! is qgé)lﬁj to region of the sample Seletted In reshonse to ha S

the ana ,ﬁ'@g% the environmental conditions of
thesmnpicwﬁhtheapparaxus mmspomtodﬁectmofsmdpmdewmm&ew
.manaiysxsstcp(d) Mbygmwmmmpmﬁrbyﬂnpmmmgm,

A method of Claim ! wherein the modification step (e} comprises iradisting e selected
pnﬁwnefth:samplewﬁhmemgybeamsuchthmtheﬂmmofhbelsmﬂn
portion is reduced,

A method of Claim 2 wherein steps (2) to (2) are repeawd.after step (e), the period of
time between the end of step (e) Mthestmafﬂep(a)andlmtbepammemafstep(e)
when repeated being dependent on analysis step (d).

A method of any preceding Claim wherein the modification step (¢) comprises -
m&mhgmhastapomnfthemiawthmmrgybmsoasmmdfythc
optical properties of photo-switchable fuorescent labels in the portion.

A method of any preceding Claim wherein the modification step () comprises
modifying the physical structure of at least pert of the sample,

A method of Claim 5 comprising forming an opening in a membrane of # selected cell in
the sample to allow material to pass through the opening into the cell,



prtic:wing 4. A method of any preceding Claim w in the at,kast one
parameter of the modification of step (e) is detertained by the p=mmg
mum with rc to dam stored by the app . 10. A method of any preceding
Claim wherein dam gearrated by the analysis by the processing mem is
stored by the appainatts so as to facilitate ref==therein in deterataing a
parmMer of a subsequent modification step. 11. Apparatus for analysing a

gg f%ﬁq ical materlal |nclud|ng fluorescent labels, co g: irradiation

e Onerin g isSenmes using 8 Jocalieed cliorgyihexis
for detecting ffluaresomse radiation emitted by labels in the sample when
g.exgitgsod 35 HRUSRLOSUOY 05,30, ighalin nse
thereln é) e5| nig the output S|gnal rom the aeq[escﬁegrgjﬁwga?g to &
2 FEEROEATCIRN SR HIE e pavliodithin antilysia by the

mMWmhhels in the sample, or the environmental atindtions of the
maple; and - control mans for c0|sr0|lnrg the modification MMM so as to

g irradia Cgelecte porti the sam le with an energy beam or to

modi al%‘&‘ Hileast nes perrsacter @b the tendifitation

th@fmm@btmwaadmmmgwm&mﬁbyﬁm%&ﬁﬁ?

n@g&ggther by a user providing user input or by the processing . 25 12.
INIUM of Claim 11 including data storep means for by ysis by the ing

means for refin= thereto by the cozaral meang in determining a pwarofter

10oAy Fsknficofienybyreaeding difiaimt ovhershadats generated by the amalysis by the
pmmssmgmansisstowﬁbytheapmsnasmﬁcﬂmmmm
detaminimapamnetemfasubsequentmdiﬁmﬁwnstep.

11. Apparatus for analysing a sample of biological material including fuorescent labels,
comprising:
- uradiation means for irradiating the sample with excitation energy;
- wmmmmﬂmmmdmncmbyhmkmﬁwmh

whcnmmedbytheexcimtwnmagyandommmoutpms:gm in response
thereto;

- pmmhgmﬁrpmwsmgﬁwou@msmﬁnmmdﬁwhnmwmm
images of the sarapie;

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

- mnmlmeamfurmmﬁhg:heméifmﬁtbnmmwasmirmdimaasei&wd
portion of the sample with an energy beam andior 1o modify the epvironmenta!
conditionsofﬂ:esampleinmnsetodmionofﬂnoccumofa
' predetermined event in the sample by analysis of said images either by & user
providing user mput or by the processing means.



13. APPIMUS of Claim 11 or Claim 12 including display means for
presenting to a user an indication of the fluorescent radiation detected by
the detection means, and input mum. for mabling a user to control at least
o of a modification by the nmddkaucm rowns in res;xxwe to dftctad
fluorescent radiation. 14. APparaux of Claim 13 wherein the input enable
a user to identify a W=ifk location in a sample for a modification by the
modification means. '

12. Apperatus of Claim 11 including data storege means for storing dats gemerated by

amiysisbythcpmingmnsforrefwmcetbmembythemmlmm

damxhingapmmcfgmodiﬁcaﬁonbyﬁmmOdMimmns.

13, ApparamsofC}aimIlarClaimIZincludingdispiaymmforpmsemingtoaman
mmmofmﬁmmmmmwmwwmm,mmm
furmabﬁnga_ummmmlatieastommofamdiﬁmimbym
modification means in response to. detected fucrescent radiation.

14. Apperatus of Claim 13 wherein the input means eneble a user to identify & specific
location in 2 sample for & modification by the modification m=ans.



