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, NatufesRprdsws: iviateicnlare@elt Biol; WeiiBdDeni200satus for analysing 2 sample of

biological material which mcludes moving cornponents.
10 Backeroupd

- 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 “Deen 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.



30pp906-918; Y.A. Labas, Proc. Natl. Acad. SM., 2002, Vol 99, pp4256-4261; and M.V. 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 (jonic concentration, pH, voltage potential, temperature, the
presence of .a specific enzyme, the presence of gpecific 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. Alterpativel thg ay bgf d internally as part
of the norhi&i %Fﬁﬁ?&?ﬁh@‘%‘?%g‘ﬁélheiﬁsﬁ%%{i SRR LAERe wlégegd% rpsr%%ségﬁsugﬁeés the AFPs.
10In a kneydeanpaiasis desdmagingosampies. ingkiding dluarescent lebalsiafivereserneadmicroscope
(Figured) is fitted with an excitation light source which is capable of exciting one or more fluorescent

probes at SPESHCHEARBINAS. FAEMICTBSTBRLIE-aIB finktnth BOTtEHRy o STERTHRERs sBthat the light
emitted fropadhgspbagmay be-phsctiedatathespvabiangsymxantsingthecspatialansktemporal

distribution of light emitted provides 15information on the structure and dynamics of the %e‘}mple. The
use of mulfipfe fécﬁ%v?d%‘%eﬁﬁ’f‘bgrrﬁﬁfﬁfglﬁ% ﬁ‘?e%ﬁ‘?cfgr@ﬁﬁbeégﬁécétio n(%ﬁarg%’f%d Emponents,

revealing, igrRyasmpie. haorgapizationnbize aeskelpinmaha oelbyThefimrescenesiveicroscope is

often fitted with an image acquisition system, ggmprisin%; a 20 light sen%lgve gete&c%tgr sgnfc,itive from
the ultravieY BANBSARZEHYLEERES & BB THn U & CohtiinsiSh BF §8cdRiBt 516 &
photomultigheetuieandreargiogenaanssuehiasa video recotder or computer system with a
memory device, so that dynamic behaViour of the sample 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 velumetic £Eand velumeatisdineseridadiii7d iatasen bemequirddoRysatecting
suitable excitation and/or emission wavebands and/or selectin suit%ble .thica#filt r sets, volumetric

multi-waveRFHT YIS Grtdl SotiFe Rt AR AR IOR NS SPHE S VBT Y R2YT QAR ALY be

acquired. gne or more fluorescent probes at specific wavebands. The microscope is aiso fired 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.



30 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 shape sl ' rdhave, Mnpedict; legtaries2 0 Bxigting
apprgézchéér?gleaég%aésm‘g %ﬁ%qf)rdkﬁg%r}l{ei{]{él{ﬁn&e?otcﬂa%r%yc?ﬁﬁ%a%g%ﬁ%f and estimating the
matches haewees frahesiBeampldiaresdaseridad iPPELViBarksh, SERSEEUANS ISP BRR chemin, S.
(1994) Performance of oplical igw Iechnidugs:nietalanaldonmaahok ompwenision. 42(1):43-77,
Nagel, H.-H, f@sﬁ Analysing Sequences of

mechanisms of interaction and exchange of various labelled components (for exampie, as

described in AxelRod, Biophys. 1., 1977, Vol 18, ppl26-131; and Phair et al, Namurz,
10 2000, Vol 404, pp604-609).

Methods and apparatus for analysis of samples inctuding fluorescent labels are disclosed In
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 escribed 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.



25 .TV-Frames: System Design Considerations, In Proc. Intern. Joint Conference on :Artificial
Intelligence, Cambridge, MA, 626; Nagel, H.-H. 2000, Image Sequence Evaluation: 30 Years and Still
Going Strong,: In Proc. 15th Intern. COM, Pattern Recognition, A. Sanfeliu, J.I. Villanueva, M. Vanrell,

R. Algu'ezar, 7.-0. Eklundh, and Y. Aloimangs (F4s.), Vol. 1,.149-158, Lo myt '9% + G4\ IEEE
'‘Computpes obiERE N2 Teh PR L,;ff.‘%aqk%f‘ gr%%@sgt%h“-scgﬁdiﬁbr%yc%%fy propagation for visual
trackinggiernationgimaunal of Smmputee NV iBiens2 9kl pmer2 8598 DB SomamuhiaV. Ramesh,

and P. Meer, -Kern-‘I-B'asgd Object Tracking MEE P YE,’}/QI%%S,. no. 5, Mﬁ%gggss; gﬂg%! M. Willer C.,
Komper%anggn(@g%f}lpaﬁrﬂc%?ﬁ?ﬁ‘d@%lo%inﬁ%ﬁ}?%pﬁ??g% r, Bt Stanisias M- Kompenrans, 3.,

Westerweel.S.; Rafficledmags.velocinesi-Rengiess toaauds Industrial Application, Kluwer
Academic Publishers, 2000. Separate bleach and imaging scanning techniques are described in UK

Patent Specification No. 2369739, and "Beam Control in a Scanning Microscope”, S.Engelhasdt/Leica,

5 June 2002 SUmman.0f e douentien Aceording.io arasgestaf the plasentityenfiomhere is
provided & method of analysing a sample of biological material including moyi g«go'm%onbents tagged
with respectRas ATt eek b taBelsTTRRRIn HEHBHOFEoMPrses’ th“én(srfélb?g%ﬁ’rd‘éantﬁ‘yl% a specific
labelled ponent 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 distinguishable from the label associated with said specific component, and the method is

charactegizedLap%‘tg@ég%&%monitoring the at least one irradiated region; and triggering a further
irradiatim%%;t]gp-'rn‘rerspvﬁs—e‘m_detection of additional labelled components entering the at least one

region. According to an aspect of the present invention, there is provided a method of analysing a sampie
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.



Preferably, the at least one region is defined based on the trajectory, path or expected 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
compléteray substaftiathy consprate e drhetAt Bae NEHER ATHHAARRUEPtin Tt fsions) or a
hollow spherg PHn thkrele sg{gw%a%gsgofl%gﬁ@mgigIlﬁbaegrgjeggeggegﬂmim;%am@@ﬂgﬁ more regions

define A ‘&hclosed area or volume which is elongate. hi particular, it may be elongate in the direction
of travehefsaichepe cifiel corpPONentnts HEvh Y BREH S PabI& I8 eE A SGROHEGHMOR fGither irradiation

steps, for example, periodically, ngD aig ifi 1S bas movedsinsedhr.praeeding
irradiathFF’F’i%?’@fbfqarﬁra#Ccl}irmi?r(l)ti(@r'Ia‘épleE Ieg c%%%%%%t%\%%e?ﬁg \éﬁne%r more regions irradiated by
the pregeding ircaiatien stepriBusthewirrbdisliBimnnasihéreforarastidtin &H&tHNg ‘AvaI Said specific
component 'coptinuesdto be .gigﬁ.rﬁgwshable from other adjacent labelled components in a dynamic.
sample?%&\?&ﬁ%g%&uﬂ?%“imagi‘ﬁg apparatus may.be configured to monitor the one or more
irradiated regions and trigger a further irradiation in response to detection of additional labelled

componients entering the one of, more gegiops, I this iy, ifadialignmay,ecnirollen SO as to only
occur whERHRERES r;},rmﬂmlsmg?ﬁe amount of radiation incident on the sampl

irradiared Tecions and trigger a further ITadiation In TESPORSE 10 OSTECTION 07 BOQIONAl

lapelied compopents entering ibe ONe OT MOTS regions. In this way, irradlanion may be

comrolied 5o as 1o only occur when necessary ,  Tninimising the arnount oF radianon mcident

on the sample.

According to a second aspect of the present invention, there is provided an apparaftus 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 movemen;[ 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.



According to a second aspect of the present invention, there is 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¥@lding the sample; and control means adapted to
move the light beam and.the samplg.sypRort relative to each other, so that said movement causes the
irradiating meansto radate with the Tight 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 aig distingyishable:{romihe labehassaglaled wih saldsprellis sammponeninghiasasterised ha
that the apparatus includes means for monitoring the at least one irradiated region and triggering a
further irradiationfimamsporise 10-dBItIGRE GF ARTEREIGITHE IaB&le 8 ponents entering the at least one
region. Preferably, he atlegstone segiogy is defined based on. the drajactarpatiarexpested
trajectory of the component to be monitored, Detailed descrinnon of the invention Prior art. and
embodimenitsrofthiziinve Ao ool magh & loust Abe dTRPI A o eRamHhiE AFEFWATK reference to the
aCC.Ompaf‘yé‘?&?e%@ﬁ“%&c Winggersin, Figure - shows-alegkdiagiam-ob akaaws apparatus
for investigating biological samples; Figures 2A and 2B show images of pan of a sample at two points
in time; anck Eigrres BAGMac3B SRovrikTage eTisan of BSHIYPBIRCAt two points in time and bleaching of
a selected region according to an embodiment of the 'invention. Figure 2A shows four components 2a
to 2d in a sample, each tagged with a respective fluorescent label, 4a to 4d The direction of travel of
each component is indicated by a respective arrow, 6a to 6d. 5Figure 2B shows 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 close to it.  To address this issue, accOrding to an
embodiment of the invention, an annular region 8 10surrounding the component of interest 2d is
irradiated with an energy beam, as shown in '



Figure 3K For example, a light beam may be used, having an intensity in the annular region 8
sufficient to bieach any fluorescent label on which it is incident. The configurations of particles at two
instances of time shown in Figures 3A and 3B 15 correspond to those of Figures 2A and 213.
However, it can be seen that in Figure 3E, component 2a and its associated label 4a fall within the
region 8 surrounding the component of interest 2d, and its label 4d. Irradiation of region 8 in Figure 3B
bleaches label 4a, making the label 4d optically distinguishable therefrom. 20 Thus the desired result
is achievegbiry apticatlymiodifyingibieashtagddidexamphainife rethHBBLANY EoMmBEREFYDUL to leave
the component of interest unmodified. The blee [ d - that is, a ring
of bleach LbDFﬁ%teenr{ié?Sﬁ?’c%%ttr%I? ess Tegéﬁ%ﬁ%%te%:%? %%%éc}}f?gd& r%%é%gq?sggﬂr%%%%%%a by a more
bleachedr2pdegioaryeiclsdsoptically 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 of the component of interest. 7
instrumertiiardeliven@aight dase sufficieritito abptisaltyindodifimeiaeR)rictiring €omMpSAghts without
causing damage to the s le (cell). Th ‘ble; for b Ined in a
linear (ra é?)a?o?ﬁﬁgg Y or g’rgl[;/(?vg\l}(éc %}P%?ng (%t %Et%%r?ﬂ ? }%\ t%%qiﬁé%%mt% ggecagr%@gll? ﬁ'élf%?ed?formed into
the desirgdssbagese 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 & doughnut shape, that is, 2 ring of bleached materiai. A
central, less bleached area of unmodified material, iz surrounded by 2 more bleached
25  region which 15 opticaliv modi_f}ed 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



such as an annular shape, for example. Formation of a laser beam having an annular (or "doughnut")
cross-section is 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); 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
extracted from the image in the view, by instruction from the 15 user, from some other source, or a

combinatiostrofres threeclitiais mighndionei GHES IR CatB ANt teerifg SORB o

porents will be
bleac_:hed and.se gv‘gggggmﬁg@q%@gég%rn@l«g’@,g@grqgiaged tracking of the component of interest _
possible. pically, 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 bleachedsareais,gising acauns thedess-blaached aianaAlernatively, the
central less %Ieac ed area may be a square rectangle, arc segment, oblong, or other regular or
irregular emciosed Ck?ﬁ&]@é?@urth%?ﬁﬁﬁfé?lﬁhé%(‘i?é’ﬁIé‘é@hé‘?f%l@at%?ﬁgﬁ%%es&ﬁgree, ?réac%“éngle, or
other regylar or. integulay, paglpsed shapgithe whole sample

Formation of 2 laser beam having an annuijar (or "doughnut”) cross-section 1s described for
example in K. §. Youngworth and T. G. Bmwn‘, "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.



or the whole imaging window. The component of interest may be a cell, part of a cell,Or an assembly
of cells in one or more fields of view, for example 30 The bleached region may be defined based on
the trajectory, route or expected trajectory of the component of interest, thus creating an exclusion
zone around the path of the component of interegt. In some cases, the region may be based upon the
structure of the sample. and may be defined by the shape of the structure, for example, a cell wall,
organelle, tubule, and so on. The time profile of the scanning of the irradiating beam may be
non-linear, for example,  defining'a spiral, with the margin of the irradiated region close to the less
bleached area 10being scanned more slowly and thus receiving an increased light dose. Alternatively
a hexagohat ddeasihyebionsety, WhisiRed PREE TS S ISPIRMe Rt e PR BREEMTRLS Pitilitate a
simultanegus; bleach-and-view. pracesg, Ry fagRpPransiiesise aiwayeiengtibs anaehlightiétering
components Alternatively, the system may operate by 15alternating view-then-bleach steps. The more
bleached vegismenay’ BEITRShitdPet ™ 43R atHing RIPAP Pre AR RPOBE TE YBEred o be entering
the re«QiOthaIgﬁé.h@%t%@%\@e@&@@wim@mm the amawataflightallewedito reaeh thgisample. 20

The bleaching light and the viewing light may be of different wavelengths and/or different pOwer
levels. organelie, tubule, and so on.

The time profite of the scanning of the irradiating beam may be non-inear, for exampie.
defining 2 spiral, with the margin of the irradiated region close to the less bieached area .
10  being scanned more siowly and thus receiving an increased light dose. Alternatvely &

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

The system may facilitate 2 simultaneous bleach-and-view process, by tne appropriate use

of wavelengths and lght filtering components. Alrernativety, the system may operate by

3
wh

. -laltemazing view-then-bleach steps.

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. Yamamote-Hine, H. Mizuno and A
Miyawaki, An optical marker based on the UV-induced greén-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).



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), 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 a fluorescent protein, PNAS, October 1, 2002, vol. 99,
no. 20, pp. 12651-12656), and PA- 300FF (see J. Lippincott-Schwartz et al, Nature Supp. 'matting in
Cell Biol., 'Sept 2003, 57- 514). 9 The sampl. may be scanned in the Z-direction (that is, perpendicular
to the plane of view) to acquire volumetric information. Furthermare, the more bleached region may
extend Nt aARIEHED LPRGIERFAT HE 6L BIEARHIN T BRPFAE BT DRSS PAgISH may be 5
defined ahoye andianhglow: the semponentetinterast. 4i:patiewaladiis coslithhaasedda extend an
annular shape to create a weakly enclosed sphere. The region above/below, could be formed by
modifyingrite2 shiieEmp AP SRt EBIAERTY ‘E)‘%%‘?F%ﬁﬂ%?%s?ﬁﬁeéﬁ%ﬁ- SRS BACHRB/BP nBdulating the
beam. 10:The.may& bleached egioR-cagdrhan piaspherspathisibleacheduiagionedutd be

monitored and bleached according to the actual or predicted trajgctof ﬁor;tp.e Cog]gpopg t, or other
componePRETGY ARl SHIPEA cXHmB tith ARG & rted o BRRAHIRG BF Huor&ScEt PAbY %y%#%diation with a

15 light begims anBRRIILPeamitHRically atightaean ieay-alsargesesechia/aodify:the optical
properties of labels in other ways to make them distinguishable (photo-switchable labels). For
example, 36 BRBrg)HEaRPANGURR S R4 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
10  The more bieached region could be part of a sphere. This bleached region could be
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.



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 ¥mirs very short intense pulses which are focussed at
specific Z planes. The fluorescent molecules at this location receive. 25 2. photons almost
simultaneously, providing the equivalent energy of 2 photon of half the wavelength, thus bleaching Or
photomo&q’@ﬁﬁ'@ the molecules. Molecules above and below this plane are much less likely to receive
two photons so are not affected. This beam may be steered around the particle of interest by moving

the sampje and/gr b ta.create th Ntially sy ing regi Clai thod of
analysing{'a sam%lremg?ﬁo(%gaﬁ?ag( Sr%lgtgr?gg @QOF%M% EEP%%% %919&11}%1 9’ Q’%g’%’%&% :

cluding moving components tagged with respective
fluorescent labelagarhaitifemecistRudeornpises tHesiapheoreiiehedying sasspetirs Rbelled
component to be monit@eagkyaidth specititadiating ithadight bearhaéienshene region of the sample
which substantially surr(;yé]ds said sglef-(ggg% comPE)netnt S0 as to otoble?chhla elsbigaép region such
that they are distinguisﬁr f%t%%r‘ﬁl%e Sbel Aesdciated withesaid speeé?ﬁ]cp ceo%ﬁ%nseun “and the method is
characterized by\theustbpsidfpedvitoringte st jeasplonebinadibbsds redgisneging such thiideying a further

irradiation step in.respansendeieatinmaladdiional lkhelsd grmponsnis.catering 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 8RB CBTRSA AR HE RSO RES P nethod of claim 1 or claim 2 wherein the
light beam may irradiate two asomanénsegiionsdeadniale inrgianddination substantially surround said specific
component. 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.



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
least one region defines an enclosed area or voléime 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 preceding claim, further comprising maving the light beam and sample relative to
cach othdr. L1 AMREBABICE TEH SRy ST RS AN A BB TEAEA) FEEHE MRt RHORG
components taggagdvithirespetivaitiosascéticlanbiseappatchitiisgncluding; means for
radiating at least one [egionof 116 SATRISAA IGRLPSARL SRR % PROGRIEAGIIapel n the region
a support for holding the sample; an control méans a apted to move the light beam and the
sample supportFesitiventd ehelh vifieresithat said movement causes the irradiating means to irradiate
with the light beam at IgagtRRadvegimettbe.samplaavhich substantially surrounds the location of a
specific labelled component so as to, photobleach Jahels in the region, such that they are
distinguishable from th%ofgrﬁéfna%[s%ca:?ép é%dt\‘/:\(/)ltﬁwsvéa’l g%é%f%%%%@o%%ﬁ ) ?ea?u 8F?sre3?m€tﬁat the
apparatus includes:mbeanscférameititorvantn auksasiconedisteiatsenscgiorading widydkniig further
irradiation in respapsg . detection of sdgitionaliaheieledcompanentsanteringiteah Isast one

region. Apparatus of claim 8, wherein the at least one reglon is defined based on the trajectory, path or

expected trajectBRFEFtRUEHIERREL B hiomigiRteach labels in the region, such that theyare

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.



12 A METHOD AND APPARATUS FOR ANALYSING A DYNAMIC SAMPLE Abstract A method 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 beah2 at least one region (8) of the sample which
substantially surrounds said specific component. The energy beam modifies the optical properties of
labels in the region (8) such that they are distinguishable from the label (4d) associated with said

specific co&w%]ﬁ_rimég%\laﬂwﬁﬁgfﬁ%t@ﬁwiwg%(‘ﬂwﬂﬂ@g gféim%gét as it moves
through a 'sample. Apparatus for carrying out the method Is also described. Fig.
Abstract
A method of analysing a sample of biological material including components (2a to 2d)
tagged with respective fiuorescent labels (4a to 4d}, comprises the steps of identifying a
specific labelied component (2d) to be monitored, and irradiating with an energy beam at
least one region (8) of the sample which substantially surrounds said specific
component. The energy beam modifies the optical properties of labels in the region (8)
such that they are distinguishable from the labe! (4d) associated with said specific
component (2d). This assists the tracking of a specific component of interest as it moves

through a sample. Apparatus for carrying out the method is aiso described.
Fig. 3B



