Title' A method and apparatus for analysing a dynamic sample 5Field of the invention The present
invention relates to a method and apparatus for analysing a sample of biological material which
includes moving components. 10 Background A conventional approach to tracking moving
components in a sample is to determine changesirelative to the background in order to identify regions
which may be mobile components of interest, In fluorescence microscopy, the components of interest
may be 15tagged by fluorescent labels or ,probes, making the task of distinguishing them from the
background relatively straightforward. Fluorescent molecules employed as labels typically have a
specific excitation spectrum being more strongly excited at some wavelengths and less strongly
excited at others. They 20 also have a specific emission spectrum emitting more intensely at some
wavelengthiseand tegdntensebpakothérs aevgcitdiigmnskamission spectra may range from the
ultraviolet to the infrared. A wide range of fluorescent probes have been developed from chemical
molecules, such as Rhodamine and Fluoroscein. Further fluorescent probes have been developed
from holeEuieofabndiirduminescent organisms, for example the Aequorea Jellyfish which has
provided the Green Fluorescent Protein (OFF), and various corals providing DsRed and licRed. These
have been termed AFPs (Aequorea Fluorescent Proteins) and are described for example'in I. Ziaang,
et al, NatuTesRpsdews ivieteionlare@elt Biols VesiiBiiDen2602%:30ppB06818svgA: Lsdvag: Frioc. Natl.

Acad. SM“éig og%hyzglai%%ap&ﬁ%:%aﬁf& 1?&&’5 %‘&Mg\ébmponems.

10  Backeround

- A conventional approach 1o tracking moving components in a sample Is to delermine
changes relative 1o the background in order two identify regions which may be mobiie
components of interest. In flucrescence microscopy, the components of imterest may be
15 tagged by fluorescent labels or probes, making the tagk of distinguishing them from tie

background relatively straightforward.

F_luorescenf motecules employed as labels rypically have a specific excuation spectrurn,
being more stwongly excited at some wavelengtns and less strongly excited at others. They
20 also have a specific emission spectrum, emitting more intensely at some wavelengths, and
less intensely at others. The excitation and ermission spectra may range from the ultraviolet

to the infrared.

- A wide range of fluorescent probes have been developed from chemucal molecules, such as

{2
th

Rhodamine and Fluoroscein. Further fluorescent probes have been developed from

molecutes found in luminescent orgamisms, for example the Aeguorea Jellyfish which bas
| provided the Green Fluorescent Protein (GFP), and various corals providing DsRed and

icRed. These have been termed AFPs {Aeguorea Fluorescent Proteins) anc are described

for example m J. Zhang, et al, Nature Reviews: Molecular Cell Biol., Vol 3, Dez 2002,
30  pp906-91&; Y.A. Labas,vProc. Natl. Acad. Sci., 2002, Vol 99, ppd4256-4261; and M.V.
Matz, Bioassay, Vol 24, pp933-G35.



Matz Bioassay, Vol 24, pp953-959. 2 The fluorescent probes may be associated with specific
molecules of interest (DNA, RNA, proteins, carbohydrates, antibodies, em). Alternatively they may be
made to be sensitive to certain characteristics (ionic concentration, pH, voltage potential, temperature,
the presence of .a specific enzyme, the presence of specific enzyme substrates, force), altering 5 their
fluorescent properties according to these characteristics. These labels may be introduced into cells by
passing through the cell membrane or by injection. Alternatively they may be formed internally as part

of the normal functioning of the cell, in the case of the aneticaJI}./H(taen%)ded Er?@ﬁ& stg%pg s the AFPs.
10In a kndih BB TP SiEEING SIAIRENERIdTRY o TR EEHE Tl e RS b R se 'microscope
(Figured) jsdittad withoandexeialigilighisseurce wdhiehiisicapablenf exailingone ansiore duorescent
probes at specific wavebands. The microscope is alsg fined with suitable optical filters so that the light

emitted fréfiiHe FPBBSSTALS b TBEeARRESATBHSEr WAVeDANEES ERAF RN tREREPAET arty temporal
distributiog.efdighi.emitedprevides.1 shaformeatienostheristateiire angeypamiespfshe-mample. The
use of multiple labels provides information on the coincident localisation of Ia%ll d corprg}oﬂnents,
reveafi ng,tfﬁreﬁé?ﬁ?ﬁé?%é”iﬂ%ﬁﬁaﬁﬁﬁqglfﬁe Ty teRe| aﬁfeél%{écfﬁ'Tﬁ&eﬁﬁo §§eﬁ%@ microscope is
often fittedwithuars i Mage: R Gy SHamsySienphconpEsingras2Oioht sensjiwndetsiciattsensitive from
the ultraviolet to the infrared) such as a COD camera or a combination of a scanner and a
photomultiBFerRIbE SHETE BRI B AT st R S DRI B HeHEstRS BrE6 riutsr 85 <t Shith a
memory devicenseihnkaummichehaviaus aidhgsample may be captured and analysed offline The
system may employ a focus drive mechanism for altering the position of the imaging focus plane,- thus
allowing volumetric (XYZ) and volumetric time series (XYZT) data to - be acquired. By selecting

suitable exgitationandakemission wayehandsasdienselecting siiiablenplical filtersetacyolumetric
multi-wavelength (XYWZ) and volumetric multi-wavelength time ser'ﬁas, (XYWZJ Z dgtita may be
; croscope (Figure. 1) is fitted with an excitation gt source which' 1s capable ol excromg
acquired. 3¢ £
one or more fluorescent probes at specific wavebands. The microscaope is also fited with
suitable optical filters so that the light emitted from the probes may be observed at other
wavebands. Examining the spatal and temaporal distribution of light emitted provides

15  information on the structure and dynamics of the sample.

The use of multiple labels provides information op the coincident localisauon of iabelled
components, revealing, for example, the organization of the cytoskeleton of a cell. The
fluorescence microscope is often fitted with an image acquisition svstem, cOmprising &
20 light sensitive detector (.Sel';sitive from the wrraviolet to the infrared) such as a CCD
camerz Or a combination of a scammer and @ photomultipiier tube, and recordmg means
such as a video recorder or compuier systern with a memory device, so that dynamic

behaviour of the sample may be captured and analysed offline.

25 The system may employ a focus dnve mechanism for altering the positon of the imaging
focus p_}an:,‘thus allowing volumetric (XYZ) and volumetric tme series (XYZT) date 10
" be acquired. By selecting suitable excitation and/or emission wavebands and/or selecting
suitable optical filter sets, vojumetric multi-wavelength (XYWZ) and volumernic mult-
wavelength time series (XYWZT) data may be acquired.
0
The microscope may also be fied with additional apparatus to comtrol the emperamre,

gas content and flow, introduce itguids, ete.



3 In order to gain a deeper understanding of the dynamic processes in a sample such as a living cell,
an additional activating light beam may be provided (in many cases based on the excitation light
source). The activating light beam may be directed to portions of the 5 sample containing labels in suth
a manner that the intense light from this beam bleaches the label and reduces its fluorescence. By
observing the subsequent development of :fluorescence in this region, and elsewhere in the sample,
information can be.obtained on mechanisms of interaction and exchange of various labelled
components (for example, as described in AxelRod, Biophys. 1., 1977, Vol 18, pp129-131; and Phair
et al, Nature, 10 2000, Vol 404, pp604-609) Methods and apparatus for analysis of samples including
fluorescemt latietstareatisel dsagrintierpradat e plic ANRaBEpEREMY URite S RRGd ST PEtént
Applicatiop ho- 94193256, e canients alubish A sincapraipdeieinaAs raletepgeqaterial. 15
Moving compénents may often be distinguishable by their size, shwa or trajectory, for example.
However, ihispamntenpighlematie i The SoiporehEcbrrBrAeY BreierdintilaPTHER R d%nd size, or
vary considerably in shane and sz e fimeordiave nptedoiablertaicsiarin28 fasing
approachesnilg addrassing this problem include locating candidate particles and estimating the
matches haewees frahesiBeampldiaresdaseridad iPPELViBarksh, SERSEEUANS ISP BRR chemin, S.
(1994) Peggrmanceao.f optical flow techni gt :  LOmpWeLMisten, 32(1):43-77;
Nagel, H.- ! _.Of%?%nlgléllsngeSjlegaUtg?ﬁacglsg%%%%é.?@-@raﬁ%@%ﬁ%ﬁ%@%ﬁﬁgﬁ]siderations, In Proc.
Intern. JointeClomiensnce iowraArifickal] srshRyEsce, Cambyitgeln Aosperriy SO BE06° Image
Sequence Evaluation: 30 vear tilk GojgenS : 1IN P196.135th, Interp, CQM; Pastern
Recognitioc{rl%”,s'f?\’r.1 D§ém1 erflé}f“ﬁ?%ﬁfﬁﬁﬁé%afm .(1\93;1?5{%{1 h%%lrépgggar,%f%.ﬁ%%%ﬁh, and Y. Aloimonos
(Eds )0 Vol dnu 49188, lppstafititos, CA: IEEE 'Computer Society; M. Isard and A. 30Blake,
Condensation - conditional density propagation for visual tracking, International Journal of Computer

Vision 29(1), pp. 5-28, 1998; D. Cornanichi, V. Ramesh, and P. L ‘
Methods and apparatus for analysis of samples including fluorescent labels are disclosed 1

the present applicant's copending United Kingdom Patent Application No. 0419325.6, the

contents of which are incorporated herein as reference material.

15
Moving components may often be distinguishable by their size, shape or trajectory, for
example. Ho&#evez, this can be problematic if the components concerned arg Very simiiar
in shape and size, or vary considerably m shape and size over time, or nave unpredictable
trajectories.

20

Existing approaches to addressiﬁg this problem include locating candidate particleg and
estimaring the matches berween frames. Examples are described in I.L. Barron, Fleet,
D.]., and Beauchemin, S. (1994} Periormance of opucal flow rechmiques, Internatonal
Jourpal of Computer Vision, 12(1):43-77, Nagel, H.-H. 1977, Analysmg Sequences of

25 TV-Frames: System Design Considerations, In Proc. Intern. Jomn Conference on Artificial
' lnteliigence; Cambridge, MA, 626; Nagel, H.-H. 2000, Image Sequence Evatuation: 30
Yéars and Sill Going Swong, In Proc. 15th Imtert. Conf. Pattern Recogminon, A.
Sanfeliv, 1.J. Villanueva, M. Vanrell, R ‘Algu’ezar, 1.-C. Ekiundh, and Y. Aloimonos
(Eds.), Vol 1, 148-158. Los Alamitos, CA: IEEE Computer Scciery;, M. Isard and A.

30  Blake, Condensation - conditional demsity propagation for visual tracking, Imernanonal

journal of Computer Vision 29(1}, pp. 5-28, 1098 D, Comaniciu, V. Ramesh, and P.



Meer; Kern-I-Based Object Tracking MEE PAYE, vol. 25, no. 5, May 2003; Raffel M. Willer C.,
Kompenhans J (1998) Particle image elocimerry . Springer, Berlin, Stanisias, M., Kompenrans, 3.,
Westerweel, S., Particle Image Velocirner* - Progress towards Industrial Application, Kluwer

Academic Publishers, 2000. Separate bleach and. i in anning technigues.are.described in UK
Patent Sf&siffeatisir Re2IBET 3 25T SBEaTT g&%%{:}g %%aﬁ%ir% %r(])ig)cldgpg%?ér%elhasdt/Leica,
5 June 2092 Summapyafithe inveotorAcerrtingdte Waaspeatofthengres@at invéntivsiathere is
provided a method of analysing a sample of biological material including r@ovjrrr\ com jonents tagged
with resiectierpetEstent |aberS Wherein tHeTMEthodFABmpITSEeTiE Steps of: identifying a specific
labelledigamponent fo-be menitored; apekepiatngaitpacight beam at least one region of the sample
which substantially surrounds said specific component so as to photobleach labels in the region such

that they are distinguishable from the label associated with said specific component, and the method is

characterized, by tbe.steps.af.menitarng-the-alinast ereinadiates regianiand tiggering a further
irradiation’step in response to detection of additional labelled components egt ring 'th% at least one
region. PreféRify3therdt iBese SHETFabiBm iS GoRHEE WaSe 67t thed tr“éf%’&%ﬁ"/ @Tﬁ“drgex%nécted
trajectory pf,the component to be monitored. In embodiments of the invention, the light beam may
irradiate two or more regions which in combination substantially surround said specific component.
The at least one-region may substantially surround said specific component in two or three

dimensians. Th%Xd?f‘% g]gg%g complete or substantially complete geometric shape, such as an

annulus %%Uﬁmmr a hollow sphere (in three dimensions) for example. In a preferred

embodiment, the one or more [egions define, a1 eRCloRss AR NS URIER a sampe
of biological material including moving components tagged with respective fluorescent labels,
wherein the method comprises the steps ofi identifying a specific labelled component to be
monitored; and irradiating with a light beam at least one region of the sample which substantially
surrounds said specific component so as to photobleach labels in the region such that they are
distingnishable from the label associated with said specific component, and the method is
characterized by the steps of: monitoring the at ieast one irradiated region; and triggering a
further irradiation step in response to detection of additional labelled components entering the at

least one region.

Preferably, the at least one region is defined based on the trajectory, path or expecied trajectory of

the component to be monitored.

In embodiments of the invention, the light beam may irradiate two or more regions which in

combination substantially surround said specific component.

The at least one-region may substantially surround said specific component in two -or three
dimensions. They may define a complete or substantially complete geometric shape, such as an

annulus (in two dimensions) or a hollow sphere (in three dimensions) for example.

In a preferred embodiment, the one or more regions define an enclosed area or volume which is

elongate. In particuiar, it may be elongate in the direction of travel of said specific component.



elongate. hi particular, it may be elongate in the direction of travel of said specific component. 5 It may
be preferable to carry out one or More further Frradiation steps, for example, periodically, or if said
specific component has moved since the preceding irradiation step and/or if other labelled components
have entered the one or more regions irradiated by the preceding irradiation step. Further irradiation
may tHereforéassistintensuriag thats S8 sPe & e oMTBEReRt ABAtTTUEER b HittiTERIfshable from
other adjacent labelled components in.a dynamic samplenAdvaniagesysh-theimaging apparatus
may b&'% ontlgur}e'tho monitor the one or more irradiated regions and trigger a further irradiation in
responge: tor deteistidabeR el ditrraitkib SiEE CHRPoTBh e McHRG RS GRe BFATEIE f¥giBhs. In this way,
iradiation may be controlled SO-asto only ogcur whennecessapy: Mininising:the:amngunt of radiation
incident'6f" sampf‘tAccor ing to a second aspect of the present invention, there is provided an
apparatys:far anatysingia sampresof biologicAlSHTREEHERNTIUENY nSVing KBMPENEHE Egged with
respective fluorescent I&%%sﬂ, ;Egll%narpparatus including: means for irradiating at least one region of the
sampIeCWﬂﬂoﬁ‘ﬁﬁﬂnbaeam SO as to photobleach labels: in the region; a support for holding the sample;
and control means adapted to move the light beam and the sample support relative to each other, so
that said movement causes the irradiating means to.irradiate with the light bearn at least one region of
the sanﬁé%ﬁ‘gi}b&anﬁ%ns?urar%nuaﬁ s the focation of‘a specific labelled component so as to
photobleagh:abelsisathentegignesuchittiat theyd srecdistirmgarsivab e fRSHER |8bEPaSEHEIated with said
specific component, characterised ha that the apparatus.incldes means formonitering,the at least
one irradRadet (EYTBRSRE HYgernd s further irradiation in response t§ detection 61‘_ additional labelelled
compongpis-aatering thedy leastronsreriorssPreferaiys the tat lsasuohe’ regiewis BafRRd based on
the trajectory, patq or expected trajectory of the component to be monitored, Detailed descrinnon of
the inveRtigH PR art. and embodiments of the invention will now be described by way of examnie.and
with reference to the accompanying schematic drawings, wherein: , :

According to a second aspect of the present inventton, there 1s provided an apparatus for

analysing a sample of biological material including moving components tagged with respective

fluorescent labels, the apparatus including: means for irradiating at least one region of the sample

with a light beam so as to photobleach labels in the region; a support for holding the saraple; and

control means adapted to move the light beam and the sample support relative to each other, so

..that said movement causes the irradiating means to irradiate with the light beam at least one

region of the sample which substantially surrounds the location of a speciﬁc'labelled component

so as to photobleach labels in the region, such that they are distinguishable from the label

associated with said specific component, characterised i that the apparatus includes means for

monitoring the at least one irradiated region and triggering a further irradiation in respense fo

detection of additional labelelled components entering the at least one region.

Preferably, the at least one region is defined based on the trajectory, path or expected trajectory of

the component to be monitored.



Figure 1 shows a block diagram of a known apparatus for investigating biological samples; Figures 2A
and 2B show images of pan of a sample at two points in time; and Figures 3A and 3B show images of
pan of a sample at two points in time and bleaching of a selected region according to an embodiment
of the 'invention. Figure 2A shows four componers 2a to 2d in a sample, each tagged with a
respective glgtoag eﬁcggrslyl%%% 4a.t0 4d The direction of travel of each component is indicated by a
respective : —5Frgare 2B shiows the same view as 2A, after a period of time has elapsed.
It can be seen that an observer following component 2d may risk confusing it with component 2a which
passes closg [0 It. J%ﬁ%’c{ﬁﬁ&@&iﬁ%ﬁz@ﬁﬁ&f%gﬂe&%&m@&%&eﬁﬁ Qfhesinygnten:an annular
region 8 1 surrounéllmng the component of interest 2d is irradiated with an energy beam, as shown in
Figure 3K Fuortesxdrmyie, @ Hoht tReamamiays HsegicHEo g &n IMETdRy in the annular region 8
sufficient tabieach any fluqrescent label.on whigh itis-ncident. Tha-configusalions.otpasticles at two
instances oTlﬁmé sRown in Figures 3A and 3B 15 correspond to those of Figures 2A and 213,
However, ittcemrhe seed ashrFigures3E! BafnponsHiZa and it d8Solatel 14Be| 4a fall within the
region 8 sutrounding the cemponent atinterest 2d, andits labg! 4didiradiation.ef weaion:s i Figure 38
bleaches labé 4ea, making the label 4d optically dlstlngqlshable therefrom. 20 Thus the desired result
is achievedmespticatyimodifpiiieriote acHRGEReRAM BRE) METEIGhbouring components but to leave
the component of interest unmodified. The bleached region may be of a doughnut shape, that is, a ring
of bleached material. A




central, less bleached area of unmodified material, is surrounded by a more bleached 25 region which
is optically modified and the region beyond the more bleached area which is also unmodified. The
central, less bleached area is preferably somewhat larger than the component of interest, to take into
account uncertainty in the position and motion ofthe component of interest. 7 instrument to deliver a
light dose sufficient to -optically modify the neighbouring components without causing damage to the
sample (cell). The more bleached area may for example be scanned in a linear (raster) format, or any
5vector cmgmrepmtah‘mmltﬁxmﬁmlwnmm@am Rselh manpbelforeael irgeoth e HeSirsinsislpe, such as an
annular shape, for mple. F r n of erb Y : t

Cross- seﬂ?ép ¥ §e esc éaf %Jgsgr%p érln%%S&Y%%grgigi\}vﬁ;ré%g%ar%ﬁ%gi ﬂér%)vl;%ﬂggggr}gn% of high
numericataperivusartOwcytindsical-vector beams,' Opt. Express 7, 77-87 (2000); and Gan, C., "New

Donut Mode for Optical Tweezers and Spanners, "SPIE 4244, p..rs86-89, 2000. The shape of the
irradiated region may be fixed, or may be modified at each time point,  based on ‘the information
extragtedrfiam: the imagerie thenviewy by hstrefction fromdid dBuber HGEoRtbsomMEBRersdurce, or a
combinati n of the three, In this manner neighbouring,. and patenfiglly interferng eompapents will be
bleached *ﬁ(ﬁ"e Svet f?%{:lrcl“%nﬁsf:é)erg%er? 2 ® i /

-passes close to It

To address this issue, according o an embodiment of the mventon, an annuiar region 8
10 surrounding the component of imtersst 2d is irradiated with an energy beam, as shown In
Ficure 3A. For example, 2 light beam may be used, having an imensity in the annular

region § sufficient to bieach any fiuorescent label on which it 1s mncident.

The configurations of particles at two instances of time shown in Figures 3A anc 3B

et
LA

correspond 1o those of Figures 2A and 2E. However, it can be seen that in Figure 3B,
component 2a and its associated label 4a fall within the region 8 surrounding the
component of interest 2d, and its fabel 4¢. Irradiation of region % in Figure 3B bleaches

label 4a, making the labei 4d optically distinguishable therefrom.

20  Thus the desired result is achieved by optically modifying (bleaching for example) the

neighbouring components but o leave the component of interest unmodified.

.The bleached region may be of 2 doughnut shape, that is, & ring of bleached material. A
central, less bleached area of unmodified ma%:enaI is surrounded by 2 more bleached
25  region which 15 opticaliv mom_ned and the region beyond the more bleached area which 1s
also unmodified. The cenwal, less bieached area is preferabiy somewhat larger than the
component of MTersst, t rake iNto 4cCOUN UnCErainty in the position and motion of the

component of interest.

30  The more bleached area is preferably large enough to opucally modify all the components

likeiv tc be confused with the component of interest, but small enough to permit the



making continued tracking of the component of interest possible. Typically, a more bleached area
substantially encloses a central, less bleached area, which 20includes the component of interest. In a
preferred embodiment, the central less bleached area is disc-shaped, and the more bleached area is a
ring around the less bleached area. AIternativer?the central less bleached area may be a square
rectangle, arc segment, oblong, or other regular or irregular enclosed shape. Furthermore, the more
bleached area 75may be a square, rectangle, or other regular gr irregular enclose shaP%, the whole

sample omthammledmig]ing; windisi. $A% cORFTIRBNED TRBFALY nfaSFHE LteIRBaI 8 A ell,Or an

assembly of gells in one aF mae, fields.of view. fanexaraale 30 The bleached region may be defined
based on '§1 3 €

e trajectory, route or expected trajectory of the component of interest, thus creating an
exclusion zone around the path of the component of interest. In some cases, the region may be based

upon the ﬂ%’%%?@ afihe samplenandimay.he definediby-the.shapezof taastrdeitie, tor axample, a cell
wall, organelle, tubule, and so on. The time profile of the scanning of the irradia}i%%&)eamamay be
non-lihear copexanaprererndeHBREVSPir NS REAThEShar B (RETHAdL e ragER 8% to the less

bleached ﬁﬁ%&%%ﬂ%ﬁ?%ﬂ&ﬁ‘e@ mpggaﬂgwly and thus receiving an increased light dose. Alternatively
a hexagonal scan may be used, which may be easier to implement.

Formation of 2 laser beam having an annuijar (or "doughnut”) cross-section 1s described for
example in K. S. Youngworth and T. G. Brown, "Focusing of high numerical aperture

10 cylindrical-vector beams,” Opt. Express 7, 77-87 (2000); ané Gac, C., "New Donut Mode

for Optical Tweezers and Spanners; "SPIE 4244, pesB86-89, 2000,

The shape of the irradiated region may be fixed, or may be modified at each time poin,

based on the information extracted from the image in the view, by mstruction from the
15  user, from some other source, or a combination of the thres. In this manner neighbouring -

and potentially interfering components will be bleached and removed from consideration,

making continued tracking of the component of interest possible.

Typically, 2 more bieached area substantially encloses a central, less bieached area, which
20 includes the component of interest. In z preferred embodiment, the cenrra! iess bieached

* arez is disc-shaped, and the more bieached area is a ring around the less bieached area.

Alternatively, the cenrral less bleached area may be 2 square, rectangle, arc segment,

- obiong, or other regular or irreguiar enclosed shape. Furthermore, the more bleached area

25 mév be a sguare, rectangle, or other regular or irregular enclosed shape, the whoie sample
or the whole mmagimg window.
The componen: of interest may de & cell, part of a cell, or an assembiy of cells In one or
more felds of view, for exampie.

30

More than one less bleached area may be defined, and more than one more bleached

region may be formed.



The system may facilitate a simultaneous bleach-and-view process, by the appropriate use of
wavelengths and light filtering components Alternatively, the system may operate by 15alternating
view-then-bleach steps. The more bleached region may be monitored, and bleaching Only applied if
any object is observed to be entering the region. g his has the advantage of minimizing the amount of
light allowed to reach the sample. 20 The bleaching light and the viewing light may be of different
wavelengths and/or different pOwer levels. Components in a sample may be labelled with one Or
more fluorescent probes, such as IS GFP for example, by small molecules such as Fluoroscein, Or
phomswitching proteins such as KFP1 (described in D.M. Chudakov et al, J. Biol. Chem., 2003, Vol.
278(9), pBrEtisard gygicacnay(5ec FED&A RS SH . QRaRal RIS Ao FifP A MFAIRG “Rhd A.
Miyawaki, An onfical marker basedonithe thaindused greeniozisd phetacomversiandef adluorescent
protein, PNAS, October 1, 2002, vol. 99, no. 20, pp. 12651-12656), and PA- 300FF (see J.
LippincottSehwanzostisEmatuia Suph Catfattihg Tﬁ%@l@él?f@éb"idﬁ%‘} B S48 $hBsampl. may
be 5@”“?%@@%%&9‘&“ {thatis.pemendigulas: trtherplane:of iewddamequireyolumetric
information. Furthermoré, the more bleached region may extend into a different 2.-plane than the less
bleached PegfioricT B o BEaghed region may be 5 defined above and/or below the component of
interest. In particular, this could be used to extend an annular shape to create a weakly enclosed
sphere. The region above/below could be formed by modifying the optical path of the bleaching beam
and/or usiBbearmsiiadis patmhearrasrRs ofutBtingHEBE 17 GRrR L IBRE BREAEhED FERT-IHcould be pan
of a spherg, This blegehed fegien saulshhe: menitamsandblaached aceerding te:tbracttal or

predicted trajectory or the component, or other components. . . . .
10  being scanned more siowly and thus receiving an increased light dose. Alernatrvely a

hexagonal scan may be used, which may be easier 10 implement.

The system may facilitate 2 simultaneous bleach-and-view process, by the appropriate use
of wavelengths and lght filtering components. Alrernativety, the system may operate by

. -laltemazing view-then-bleach steps.

3
wh

The more bleached region may be monitored, and bleaching only applied if any object 18
observed to be entering the region. This has the advamage of minimizing the amoun of
iight allowed to reach the sample.

20
The bieaching light and the viewing light may be of different waveiengths and/or differen

power levels.

Components I & sampie may be labelled with one or more fiuorescent probes, such as

25 GFP for example, by small molecules such as Fluoroscein, or photoswiiching protems
such as KFP1 (described i D.M. Chudakov et al, I. Biol, Chem., 2003, Voi. 278(9), pp.
7215-7219), Kaede (see R. Ando, H. Hama, M. Yamamoto-Hine, H. Mizuno and A
Miyawaki, An optical marker based on the UV-induced green-to-red photoconversion of &
fluorescent protein, PNAS, October 1. 2002, vol. 99, no. 20, pp. 1265 1-12656), and PA-

30 GFP (see . Lippincott-SchWanz et al, Nare Supp. lmaging in Cell Biol., Sept 2003, 57-
Si4).



Whilst the description above refers to bleaching of fluorescent labels by irradiation with a 15 light
beam, an energy beam (typically a light beam) may also be used to modify the optical properties of
labels in other ways to make them distinguishable (photo-switchable labels). For example, the energy
beam and labels may be selected such that irradiation causes an increase, rather than a decrease in
the intensity of their emissions, in given wavebands (photo-activatable labels). 20 Irradiation of a
sampl, at different positions along the Z-axis could be carried out using the well-established 2-photon
(or multi-photon) mechanism. This requires a high power pulsed laser of longer wavelength (typically
800-1000mn) which emirs very short intense pulses which are focussed at specific Z@Ianes. The

fluoresceRbhTaTaRY EE R PisaBREISh s CaItEcTE™ (BAoto R BRRELT N ERaSTSy pPsViding the

equivalent, epgrgy obZRbelonabhaltihe wavelenath. thus bieacbiegie pepiemadifigrgdhe molecules.
Molecules above and below this plane are much less likely to receive two photons so are not affected.

This beamiay s eredearotia the [T aREE: by RioUrTg MESRFRIRE RRISY Béam to create
the substagtially SUHOMIAIRLERGIOM: L0riaias Jk Awnethor ghanalysing:a sanpie adcialogical
material including moving components tagged with respective quoreg,cgntnIgbels, W%}frsin)the method
comprise S s i BREAESHARTING SSBECHCEEEISITOPSRRHT to BETTSRIBIET 5Hac irradiating
with a light,pgam atleastoneregien ehthpsample.whieh suasiantialysuroundsispishsgacific
component so as to photobleach labels in the region such that they are distinguishable from the label
associatetF Pt afdEpeBIREHARS SRR RE2Ehd the method is characterized by the steps of: monitoring

the at least one irradiated region; and triggering a further irradiation step in response to detection
of additional labelled components entering the at least one re%on. , ‘ ..
10 The more bieached region could De part of a sphere. —1nis bleached region couid De
monitored and bleached according to the actual or predicted trajectory or e COMpODeNt,

or other components.

Whilst the description above refers to bleaching of fiuorescent labels by irradianion with &
15 light beam, an energy beam (typically 2 light beam) may also be used to modify the optical
properties of labels in other ways 1o make them distinguishable (phowo-switchable labels).
For example, the energy beam and labels may be selected such that irradiaton causes an
increase, rather than a decreagse in the mensity of their emussions, n given wavebands

(photo-activatable labels).

20 _
Irradiation of a sample at different positions along the Z-axis could be carried out using the
well-established 2-photon (or mult-photon) mechamsin. This require_s a high power pulsed
Taser of longer wavelength (rypically 800-1000nm) which emirs very short intense pulses
which are focussed at specific Z planes. The fluorescent molecules ar this locauon receive
25 2 p;homns almost simultanecusiy, providing the equivalent energy of 1 photon of half te

wavelengtn, thus bleaching or photomodifying the molecules. Molecules above and below
this plane are much less likeiy to receive two photons o are not affected. This beam may
be steered around the particle of interest by moving the sample and/or beam w create the

substarmialiv surrounding region.



2. A method of claim 1, wherein the at least one region is defined based on the trajectory, path or
expected trajectory of the component to be monitored. 3. A method of claim 1 or claim 2 wherein the
light beam may irradiate two or more regions whith in combination substantially surround said specific
component. A method of any preceding claim wherein the at least one-region may substantially
surround said specific component in two or three dimensions. 5. A method of any preceding claim
wherein thi2##east one region defines an enclosed area or volume which is elongate. 6. A method of
claim 5 wherein the enclosed area or volume elongate in the direction of travel of said specific
component. 7. A,method of any precedin i, f risi ' li and sample
relative toﬂeach%tﬁgtr&m 1Oé %“gﬁ%?ﬁg ?cx)%) a%% ysllir):fé%g%ﬁaqrﬁp e E(l)ﬁf %%%gf%gﬁﬁngg%r%ﬁlr%: g%%ng moving

components tagigegedvithireaspesstivdlfivisregudshtdabehsreiideppethad ioierisatibe stps fleans for

irradiating at least one jrgigpQf {ReesaP Rt aulightheam: seasdedamtobleach labels in the region;
a support for holding the %aémﬁ)le;. nd,. contro[ means adatgt to moye the ﬂ%ggsl?e%{ﬁland the
iafl

. a licht heam af.least one regioh of the sample whi an . .
sample Support relatlvér?% t 30%“0’]{}1% 80 ﬁ1a Sal(? movement causes Irra ng mean}é to irradiate

with the light beawraniéasidmeciégiompdibe sam pieohiblvshbshaltiabesugiouned thet fbeation of a
specific labelled, coppapent 593,10 RhRiRbIRach.lebelain R jegiensehdhat they are

distinguishable from the label associated with said specific component, characterised in that the
apparatus includes medMs BRI ARiesErdRt BR&‘MEOTated region and triggering a further
irradiation in response to detestisimdhadditiolealtlapeleididiebrgianents entering the at least one
region. triggering a further irradiation step in response to detection of additional

labelled components entering the at least one region,

2. ' A method of claim 1, wherein the at least one region is defined based on the trajectory,

path or expected trajectory of the component to be monitored.

3. A method of claim 1 or claim 2 wherein the light beam may irradiate two or more regions

which in combination substantially surround said specific component.

4, A method of any preceding claim wherein the at least one-region may substantially

surround said specific component in two or three dimensions.

5. A method of any preceding claim wherein the at Teast one region defines an enclosed area

or volume which is elongate.

6. A method of claitn 5 wherein the enclosed area or volume is elongate in the direction of

travel of said specific component.

7. A method of any preceding claim, further comprising moving the light beam and sample

relative to each other.



Apparatus of claim 8, wherein the at least one region is defined based on the trajectory, path or
expected trajectory of the component to be monitored. 12 A METHOD AND APPARATUS FOR
ANALYSING A DYNAMIC SAMPLE Abstract A niethod of analysing a sample of biological material
including components (2a to 2d) tagged with respective fluorescent labels (4a to 4d), comprises the
steps of identifying a specific labelled component (2d) to be monitored, and irradiating with an energy

beam at feast oAEREHSH 18)BH RS ARPIR TR TR iR Y3 e aRe ¥ B ponent. The
energy beam magdifiassfterapticalfiopestias bbiabhels ipthetredgicindi8):such that they are

ssnusnae ron S 1) SFRL CTFRICSRNKEN GBS v
the method is alge@biseabEbcFig tygregion;
a support for holding the sample; and
control means adapted to move the light beam and the sample support relative to
each other, so that said movement causes the irradiating means to irradiate with the light
beam at least one region of the sample which substantially surrounds the location of a
specific labelled component so as to photobleach labels in the region, such that they are
distinguishable from the label associated with said specific component, characterised in
that the apparatus includes means for monitoring the at least one irradiated region and

triggering a further irradiation in respomse to detection of additional labelelled

components entering the at least one region.

9. Apparatus of claim 8, wherein the at least one reg.ion is defined based on the trajectory,

-path or expected trajectory of the component to be monitored.



