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1 Title: A method and apparatus for analysing a dynamic sample 5 Field
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 conyentional approach to tracking moving
components in a sample is to determine changes relative to the
background in order to identify regions which may be mobile components
of interest. In fluorescence microscopy, the components of interest may
be 15 tagged by fluorescent labels or probes, making the task of
distinguishing them from the background relatively straightforward.

it URLESEeRt Mvlesllas ermplovedas labglstipicallyhave a specific
excitation spectrum, being more strongly excited at some wavelengths
and less strongly excited at others. They 20 also have a specific emission

Fiel SREGHLY, SRKting more intensely at some wavelengths, and less

T intensely at others. The excitation and emission spectra may range from
the ultraviolet to the infrared. A wide range of fluorescent probes have
ThePERRACVGIRRRLTOMEhemiGalmaleculgs. sich-as 25 Rhadamine aﬁﬁlple of
uoroscein. Further fluorescent probes have been developed from
biolpgitalcmrseTBUNEGH RHESEEjT GAFRME for example the Aequorea
Jellyfish which has provided the Green Fluorescent Protein (GFP), and
various corals providing DsRed and HcRed. These have been termed-
Baclwrpafinequorea Fluorescent Proteins) and are described for example in
J. Zhang, et al, Nature Reviews: Molecular Cell Biol., Vol Dec 2002, 30
pp906-918; Y.A. Labas,Pros. Natl. Acad. Sci., 2002, Vol 99, pp4256-4261,

A GHRIAIOAN ARDT BTG S AEOV e BB HRS5 SOGHRS PO HE ﬁ‘uc‘ﬁE@é%rif dfofgigrmine

challRY Pa-Rssogiaied with-specificmeieeues @hbreresidRNABNAay be mobile
components of interest. In fluorescence microscopy, the components of interest may be
tagged by fluorescent labels or probes, making the task of distinguishing them from the

background relatively straightforward.

F_hiorescent molecules employed as labels typically have a specific excitation spectrum,
being more strongly excited at some wavelengths and less strongly excited at others. They
also have a specific emission spectruin, emitfing more intensely at some wavelengths, and
less tntensely at others. The excitation and emission spectra may range from the ultraviolet

to the infrared.

A wide range of fluorescent probes have been developed from chemical moiecules, such as

Rhodamine and Fluoroscein. Further fluorescent piebes have been developed from

molecules found in luminescent organisms, for example the Aeguorea Jellyfish which bas

provided the Green Fluorescent Protein {(GFP), and various corals providing DsRed and
HcRed. These have been rermed AFPs (Aequorsa?luorescent Proteins) and are described
for example in I. ZnancF ‘et al, Nawre Reviews: Moiecular Cell Biol., Vol 3, Dec 2002,
ppo06-918; Y.A. Labas, Proc. Natl. Acad. Sci., 2002, Vo 90, pp4256-4261; and M.V.
Matz, Bioassay, Vol 24, pp953-959.
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proteins, carbohydrates, antibodies, etc). 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 charagteristics. 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
Théfﬁmmﬁmgaﬁjﬁﬂenmllbmﬁsecm\mﬁhthpegiémehowbpbm@@dxdrmbﬁﬁﬁ&uﬁﬁﬂ&
s the AFP Qwn ap ats for i les includin
oeo Ry SR R SR T SRk TRy s e M o
certﬁxcmammhgktﬁcsommmwvhmmmapmbanb]‘ excitings cmaeeon:mommperamre the

fluorescent probes at sp%?lflc Waveb e mlcroscqtp%a%e §8m r%e%lt&mnﬂ

Pty GuitedRie Sptital ifters"so that the %)h?enc“%zarﬁ%%lt e probes

theibeflobsstead pioptrees mveﬁbmrgis;oEﬁm nihgrtvespatial dhebtedapdralmay be

stribution of I| ht emlttg%?rov des infor atlon on, ructure an |
mtr%d“r?%?nll%%o ga?%“lm e L %}-:‘%nof mu‘tlpféqai)ef% provmfien %%h%rrr‘%ﬁoﬁmve Y
mepmhammmmbntmlgsammmbfabelmdm@m{nonemg ré\ealiny, forthe case of

examp the ization fth%ncWeleton of a cell. The fluorescence
the Fr?f%:ert "a peen?s o%a th?eé Wi h an image acquisition system, comprising a

20 Ilght sensitive detector (sensitive from the ultraviolet to the infrared)
sa CCD camera or a com |nat|o anner ngag i q
In ay:)lr{% mugi‘PB?Ierufuélgr allmé"rlgéo%mfg mé%cr?légs jﬁ? gsregc\?%eo r%%:orderu 8$escence
nuo@mm;]ﬂ:téF igysteimiwitkies meknmyedmnnen $ithavwynavhich behavabigrafakmiing

one’s n?oregﬁaxm% hptyefbee% andanalvesdpiline. 258 Hﬁﬁe/s%&gu LA
a focus drivé mechanism for aﬁ?enng 2fhe position of the ima ocus

suitptamepthusfatbwmmmj umedigi: (MMZ?@MMOMW{@_‘@&%meys@rlessngsema) other

WBV&% %e ac! UIre ¥ a%(-ﬁcuﬂ.@ L“tacbrliilq ?(Cﬁ}%%?%r?%q/? ﬁ{néﬁﬁk?& DIOV!dES
Wave d?g’r sél al'filter sets, volur

an S an tlng swta e OptIC metric

infanuttiovavetss ghhud e ut) ayrdmcﬂunfetmmmtﬂ wavelength time series
‘ (XYWZT) data may be acquired. 30

The use of multiple labels provides mformation on the coincident localisation of labelled
components, revealing, for example, the organization of the cytoskeleton of a cell. The
fluorescence microscope is often fitted with an image acquisition systemn, comprising a
light sensitive detector ('seﬂ;itive from the ultraviolet to the infrared) such as a CCD
camera or a combination of a scanner and a photomultiplier tube, and recording means
such-as 2 video recorder or computer system with a memory device, so that dynamic

behaviour of the sample may be captured and analysed offiime.

The system may employ a focus drive mechanism for altering the position of the imaging

focus plane, thus allowing volumetric (XY7Z) and volumetric ame series (XYZT) data to

" be acquired. By selecting suitable excitation and/or emission wavebands and/or selecting

suitable optical filter sets, volumetric multi-wavelength (XYWZ) and volumetric multi-

wavelength time seriés (XYWZT) data may be acquired.

The microscope may also be fitted with additional apparatus to control the temperature,

gas content and flow, mitroduce liquids, etc.
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The microscope may also be fitted with additional apparatus to control the

temperature, gas content and flow, introduce liquids, etc. 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 excitatiof light source). The activating light

beam may be directed to portions of the 5 sample containing labels in

such a manner that the intense light from this beam bleaches the label

and reduces its fluorescence. By observing the subsequent development
in oRfefIHPERECENER JR: thigEegianinanet elacwhiaraiinghesampie; inforatian as 2
~_can be obtained on mechanisms of interaction and exchange of vari%us d
vingaBile AP M BIMEES 1B B APIBSUE TRb LB AG IR B B GRS 3cC ©”
the SQFLuNMOiL8 RRIZY13%k: abgRhair efal bhiatuney 10 2000V b 404jons of the

pp604-609). Methods and apparatus for analysis fégrr?}ples jncltl)Jdingbl h
SATHg R BT8R U OB B SPEHTAR iRt L SRS RiHG Pleaches
e URitedKingdemPalent ApplicatioBNGH4AL32516, theseartentsalophicht of -

are incorporated herein as reference material. 15. ovir{lghcon;ﬁ ne

0

ts. .
fraofpften BE-ChERRBLHaBRE BIRR Sires SRbe BRPRRIB TGP Corined on

:
mecBXAER e Hauwavesnthis cambeproblematic ifsle-canppnents concatngds, as

are very similar in shape and size, Qr vary consjderably i ape and size

desc5SF AT R A royehih o Pag £ oo nends e

20080 e8I HEs4pE0bjem include locating candidate particles and
estimating the matches between frames. Examples are described in J.L.

Barron, Fleet, D.J., and Beauchemin, S. (1994) Performance of optical
MeflQws taehiigues.dnternationabs Jabinat ai-Gomp uiesvision Jdha(d y31R7osed in
Nagel, H.-H. 1977, Analysing Sequences of 25 TV-Frames: igsiﬁﬂ 325.6, the

rtificia
contents of which are incorporated herein as reference material,

Moving components may often be distinguishable by their size, shape or trajectory, for
example. However, this can be problematic if the components concerned are very similar .
in shape and size, or vary considerably in shape and size over time, or have unprediciable

rajectories.

Existing approaches to addressing this problem include locating candidate particles and

estimating the matches between frames. Examples are described in I.L. Barronﬁl Fleet,

‘D.J., and Beauchemin, S. (1994) Performance of optical flow techm'_ques_, International

Journal of Computer Vision, 12(1):43-77, Nagel, H.-H. 1977, Analysing Sequences of

TV-Frames: System Design Considerations, In Proc. Intern. Jomt Conference on Artificial

" Intelligence, Cambridge, MA, 626; Nagel, H.-F. 2000, Image Sequence Evaluation: 30

Years and Still Going Swong, In Proc. 15th imtern. Conf. Pattern Recognition. A.
Sanfeliu, J.J. Villanueva, M. Vanrell, R 'A}qu’ezar, T.-0. BXlundh, and Y. Aloimonos
(Eds.), Vol. 1, 149-158. Los Alamitos, CA: IEEE -Computer Sociery; M. Isard and A.
Blake, Condensation - conditional density propagation for visual tracking, Internatiomal

Journal of Computer Vision 29(1}, pp. 5-28, 1998; D. Comaniciu, V. Ramesh, and P.
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Intelligence, Cambridge, MA, 626; Nagel, H.-H. 2000, Image Sequence
Evaluation: 30 Years and Still Going Strong, In Proc. 15th Intern. Conf.
Pattern Recognition. A. Sanfeliu, J.J. Villanueva, M. Vanrell, It. Alqu'ezar,
J.-O. Eklundh, and Y. Aioimonos (I;ds.), Vol. 1, 149-158. Los Alamitos,
CA: IEEE Computer Society; M. Isard and A. 30 Blake, Condensation -
conditional density propagation for visual tracking, International Journal of
C ter Vision 29(1), pp. 5-28 A2 Comanigiu, V. ’

Mot SGHEEL HeRH ol e BB Fach A TELE PAMTE voL 98 s e ™
Wili2003; RafistManWillE29E . Pitanmipenhany di¢t 088) P antichgemBgein; Stanislas,
Velocimetry. Springer, Berlin; Stanislas, M., Kampenh g '

M., W@M@g ? Pa |§]éwl?ﬁllag]é ‘\%%ﬁé%sﬁ:e%%ag&roag%%?%gér R
InduApglisptinmdshvienAcademanRublisiees: 2000). Separate bleach and

imaging scanning techniques are described in UK Patent Specification
No. 2369739, and "Beam Control in a Scanning Microscope”, J.

Sepakngel baidtheics fnjunen?Op 2:d0iGean avaresirihedinvaiifidh TS predsation

invention proyides g.method of analysing.a sample of biologi i
No. #&%ﬁggaggmpg%%n sm%gé)ggldam nfg%ﬁnegciﬁgs S%Bre’sigr@?a g%%%ﬁ‘é{f‘é fune
200Imethod comprising the steps of identifying a specific labelled component

to be monitored, and irradiating with an 15 energy beam at least one

region of the sample which substantially surrounds said specific
Sung@mpongatseasto modify the optical properties of labels in the region

such that they are distinguishable from the label associated with said

~ specific component. This serves to assist the tracking of said specific

ThecprponentRinemikbaimentshofi thé anabritinn attieropiergy budeaipahypoaterial
. irradiate two or more regions _which iR compination, substanti
e e R R
stepsuif odenetfsaid speeifiticcimonentripotwoop threedinTehsiodsIrERByIRgyith an

enegg?fntr)]gar% (a':? {er:]gte E%é) I;_%lil{gg tg%ﬁ \*Frlxaellgax%% ep\%;%ﬁ%x%%&%ﬁ%ﬁhé\%mms said specific

component so as 1o modify the optical properties of labels in the region such that they are

distinguishable from the label associated with said specific component. This serves 1o

assist the tracking of said specific component.

In embodiments of the invention, the energy beam may irradiate TWo OI mOre regions

which in combination substantially surround said specific component.

The one or more regions may substantially surround said specific component in two or
three dimensions. They may define a complete or substantially complete geometric shape,

such as an anmulus (in two dimensions) or a hollow sphere (in three dimensions) for

~ example.

In a preferred embodiment, the one or more regions define an encicsed area or volume

which is elongate. In particular, it may be elongate in the direction of travel of said

specific component.
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25 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
particular, it may be elongate in the direction of travel of said 30 specific
component. 5 It may be preferable to carry out one or more further
irradiation steps, for example, periodically, or if said specific component
has moved since the pregeding jrragiation siep saadiendhothex Jaheliedmple.
I ma&??ﬁplgﬁg’ﬁ?@ a‘i?e“earrﬁ%re%l the one or more regions irradiated by the .
perio@tatedingd reaidiafiori [Stel PIRORHIE iRF RIS NSHASR) HifcPERGrAIBE dEtdig o S1EP
ensuring that said 5 specific componentirastinuesiode distingtishatley e
and/ Oﬁbﬁﬁ%‘fﬁ&%ﬁfﬁ%&%@?ﬁeﬁed ‘components in a dynamic sample. ; said
precoAlyaniagenuslstahe ihathieng EpPaHaRI S ATaY B 0sh ST E A TGt e
.one ormore _irradiated regions aggd;tHgder.a furhemirragiationjceasphisked
specifys o SRRBISOf 588ﬁ%n5| 10 labelled c%)gmponents entering the one or
compBgigsregiohsiamithisiagay, irradiation may be controlled so as to only occur

when necessary, minimising the amount of radiation incident on the
sample. The invention further provides apparatus for analysing a sample

Advinlpdingycamponeits ABRTFPNItRTSSIEERTE tTora8RERt Bhetd) the ™

mdggg%%%%n%”%%? Q%;gg}eﬁ@&éﬂérirﬁ%ﬁ?é@ﬁa the,samRie withearenergyadditonal

support Tt holding the sample; and control means for(gm.ving:l]Tla be
labetfe enapgydnearmeridgtibesanie FIERIVELSBach other 18Y i i gt

least one region of the samplewhich shbstaniiallhsurroundsitheiintationident
Con%??ﬁiézgﬁ Bhec %}cé?nap%)nent SO as E(t&o%qmodify the optical properties of labels
on tie tagypegion such that they are distinguishable from the label associated

with said specific component. Detailed description of the invention

The invention further provides apparatus for analysing a sample including components
tagged with respective fluorescent labels, the apparatus including:

means for irradiaring the sample with an energy beam,

a support for holding the sample; and |

control means for moving the epergy beam and the sample relative to each other o
irradiate at least one region of the sample which substantiaily surrounds the location of &
specific component so as ¢ modify the optical properties of labels n the region such that

ey are distinguishabie from the iabel associated with said specific component.

Detailed description of the invention

‘Prior art and embodiments of the nvention will now be described by way of exampie and
with reference td the accompanying schematic drawings, wherein: |

Figure 1 ghows a block diagram of & known apparatus for mvestigating biol_ogical samples;
Figﬁres 2A and 2B show images of part of 2 sample at two points in time; and

Figures 3A' and 3B show images of part of a sample at two points In time and bleaching of

2 selected region according to an embodiment of the mventon.
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25 Prior an and embodiments of the invention will now be described by
way of example and with reference to the accompanying schematic
drawings, wherein: Figure 1 shows a block diagram of a known apparatus
for investigating biological sampIeS'6 Figures 2A and 2B show images of
part of a sample at two points in time; and 30 Figures 3A and 3B show
images of part of a sample at two points in time and bleaching of a
Figuft 20 SR IRHR0 ARG oA A HINER AL N RVERHON i PO e
shows tfour components 2a to 2d in a sample, each tagged with a
fluorrespedtiveg, flaoresdentlabeirestian Aot dircetionwrrengsl &f wdented by 2
rpspec%r\pepgpe‘gt g)sa itrcl}déﬁated by a respective arrow, 6a to 6d. 5 Figure 2B
SPShows 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
Fic?ucg gﬁ)%]oepst a arr]ﬁ%mi%s_’ﬁeﬁkc!%ﬁ@rtg HerT&%q@ést&'%ﬂ%%é@: %%Qﬁdyagseen
46 an embodiment of the invention, an annular region 8 10 surrounding
that theobermysorieitofrinterasorenis2iradiatedh withfennanergiitbearpoagrs Rewick
passei:rsl cE}igeut%eéA. For example, a light beam may be used, having an intensity
in the annular region 8 sufficient to bleach any fluorescent label on which
it is incident. The configurations of particles at two instances of time
To %@gp i Fgures 3404 3B .15 6808RANA D OsR AT oW AR 0n 8
‘ . However, It can be seen that in Figure 3B, component 2a and its .
surressouiatet damebaent i Witkipsthe regioriBSdrivthamedisy dsApote B
. interest its la : iati [ R Eigy :
F T o 15 I 14 Smtcaty roinaUhaTe o S0 e
regitined deficaehtes biichs mehieloerthpop il pimGHIRH g R BRing for
example) the neighbouring components but to leave the component of
interest unmodified. The bleached region may be of a doughnut shape,
Thetliatfguaariogg ofbheatipies mamwpignsnces of time shown in Figures 3A and 3B

correspond to those of Figures 2A and 2B. However, it can be seen that in Figure 3B,
component 2a znd its associated label 4a fall within the region & surrounding the
component of interest 2¢, and its label 4d. Irradiation of region & in Figure 3B bleaches

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

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

neighbouring components but to leave the compenent of interest unmodified.

| The bleached region may ‘be of 2 doughnut shape, that is, a ring of bleached material. A

central, less bieached area of unmodified material, is surrounded by a more bleached
region which 1s optically modiﬁed and the region beyond the more bieached area which 1s
also unmodified. The central, less bleached area is‘preferab‘ly somewhat targer than the
component of interest, to take into account uncertainty in the position and motion of the

component of Interest.

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

likely 10 be confused with the component of interest, but small enough 0 permit the
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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 of the

component of interest. 30 The more bleached area is preferably farge
nserSReuan foeptically madifal thagrmponenipdisaly RdRigoRiysaswitburing

the component of interest, but small enough to permit the 7 instrument to
complIRRgT Bilkive Gﬁ%tﬁ%@ﬁ%%ﬁﬁ%ﬁ?&i}y 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
The apgresplaseior cirefoPatieFn=RAEHS Atk SRF7ITE b%arﬁ%aémm%%g%?ﬁ%eaf amy
vecd 18,186 desited SlapR.nvueh @8 aaanMdanshiaRe fdahaxampiBe desired shape,

Formation of a laser beam having an annular (or "doughnut")
suctcpp 88-srBtionsheRfe JeFiBERE - 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 Gao, C., "New Donut Mode
Forfeatiop it al Tweer@ NaHBESHAHRNIE (P RPUsii g8 -85 L0008 Mﬁ%mf’d for
exa 3PP of the iradistedregiammay, badixed Pomaybemagdifiedatieachpertre
time point, based on the information extracted from the i ag%jn t vi(%\zK1 de
ey lpjripaitisstB PR, tHEPY SHRIEHS oy some ItHe SO 7%, ‘or a Combination o
for Bffeitee, thiz Tanner nebowing prdpegentatly interfering
components will be bleached and removed from consideration, making
continued tracking of the component of interest possible. Typically, a more .
ThPBasheH Area suhsiantialy ensloses R-cebiralaless blesichechasre; vitiehoin:,
20 includes the component of interest. In a preferred e(nl%sdiment, the o the
based ripallie S PTEAHAR FXHASHE TS TR -Bifa Bt atit e Wisre BidAARE Slea s

use? HRGAQHRd dhe lesebleachadigaioAltemativaly, thersrntiaidesseighbouring
bleached area may be a square, r_ectan%le, arc segment, N : .
and potentially interfering components will be ieached and removed from consideration,

making continued tracking of the component of imterest possible.

Typically, 2 more bleached area substantially encloses a central, less bleached area, which

includes 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.

Alternatively, the central less bieached area may be a square, rectangle, arc segment,

- oblong, or other regular or irregular enclosed shape. Furthermore, the more bleached area

mév be a square, Tectangle, or other regular or irregular enclosed shape, the whole sample

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.

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

region may be formed.
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oblong, or other regular or irregular enclosed shape. Furthermore, the

more bleached area 25 may be a square, rectangle, or other regular or

irregular enclosed shape, the whole sample 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 fidlds of view, for example. 30 More than

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

bleached region may be formed. 8 The bleached region may be defined

based on the trajectory, route or expected trajectory of the component of
The iRiGESH thesCraaling anrexelusion grne aralbd therpath af Higected wajectory

component of interest. In some cases, the region may be base(aﬂupo the}; th
of tgrGeIIPETERHRY B8ahIclMh PR HSHTET BY &Pg%h%s}éngf g path oF the
comBUMEEUFE Har-axamplem cellsyathe crgrnetay tubue-andeo 8. sTherimer the

profile of the scanning of the irradiating beam may he non-linear, for
somelgaH¥lemieRAIRE ELShiRA], WhiTHHEE rPariih SFIRE TFradtacciiTEg i Hiodh el
orgd:ihe fasgblarchsgharea 10 being scanned more slowly and thus

receiving an increased light dose. Alternatively a hexagonal scan may be

- used, which may be easier to implement. The system may facilitate a

TheSiREItaBBRUS iRaghrmnd- \iempraeessiRybhemappropriate-liseanffor example,

wavelengths and light filtering components. Alternatively, the system ma :
deﬁaﬁ@ra@ﬁﬁh1‘8“&@%3’[%5%8%&5%9&@5 hf&%é%%.‘?ﬁﬁ%% }r/(ﬁotgg g?yasaﬁﬁ%am : are
beif€QIARINAYBE: Menitored and hirechingeniy-apptiedifiarioobjectlisrnatively
- observed to be entering the region. This has thz advantage of minimizing

hexagamah Gty RYHE OB G PE &S SEHBR B The bleaching light

and the viewing light may be of different wavelengths and/or different
The system may facilitate a simultaneous bleach-and-view process, by the appropriate use

of wavelengths and light filtering components. Akemative_}y, the system may Operate by

o 'alte:mating view-then-bleach steps.

The more bleached region may be monitored, and biéachirig only applied if any object 1s

observed to be entering the region. This has the advamage of minimizing the amount of

light aliowed to reach the sample.

The bleaching light and the viewing light may be of different wavelengths and/or different

power levels.

Components in a sample may be labelted with one or more fluorescent probes, such as
GFEP for example, by small molecules such as Fluoroscem, or photoswitching proteins.
such as KFP1 (described in .M. Chudakov et al, J. Biol. Chem., 2003, Vel. 278(9), pp.
7215-7219), Kaeds {see R. Ando, H. Hama, M. Yamamoto-Hino, H. Mizunc and A,
Miyawaki, An optical marker based on the UV-induced greén—to—red photoconversion of a
fluorescent protein, PNAS, October 1, 2002, vol. 99, no. 20, pp. 12651-12656), and PA-
GFP (see 1. Lippincoti-Schwartz et al, Nature Supp. Imaging in Ceil Biol., Sept 2003, 57-
S14y.
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power levels. Components in a sample may be labelled with one or more
fluorescent probes, such as 25 GFP for example, by small molecules
such as Fluoroscein, or photoswitching 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, I—? Hama, M. Yamarnoto-Hino, H.
Mizuno and A. Miyawaki, An optical marker based on the UV-induced
green-to-red photoconversion of a fluorescent protein, PNAS, October 11
2002, vol. 99, no. 20, pp: 12651-12656), and PA 30 GFP (see J.

The dakapi@@@éyﬁshw@ﬁzdemaﬁ;mm@csb@pmumg ipgiandelliBioh (Seph2008 yiew)

S7- S14). 9 The sample may be scanned jn the Z-direction (that is N
S BRI o BB of G EP e Ve ey evend

into Ed{ﬁ&éﬁi%%mﬁe mme&ﬁleﬁ@m&m@ongmzy e'XtEndomtbladlﬁénegion may be

Z-plane than the less bleached r eg gn The maore bl ?g reglon1 ed "
deﬁ“@d@?ﬂ’(@&‘é‘iﬂ?%’%ﬂﬁ/g}e SBRPBTE CBBoTERt of Iitarest’ in particula

exter?OUld bRwsediigpexiendan awialdy sdsmpﬁé@ crbate a kaegmndbse@rbelow

%here The regioy; abov below coul ;‘n&gc 1?1¥ géoldr{ Otrhg51 ﬁ:na!)ﬁ
could B TBFRE Ble 031%?0? usmg an ot aXispath,

axis paedulating ﬂi@ibﬁ&ﬁg 4@ Fdaemore bleached region could be part ofa
sphere. This bleached region could be monitored and bleached according
to the actual or predicted trajectory or the component, or other

The Qﬁmpcm&ﬂtfed\/\thdﬁinthﬁxdéswpﬂﬁnﬁbm\aeﬁafers Tonblédehing ofgion could be

quoresce t label irradiation with a ,15 li m, an ener y.heam
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or o@feb&ﬁi@mdm@er ways to make them distingwshable (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 -
Whigs: theic emigsionapin givderyvaviebauntiss (fhbiorecctvaiaile labels)iaton with
light beam, an energy beam (typically a light beam) may also be used to inodify the opuical
properties of labels m other ways to make them distinguishable (photo-switchable labels). |
For example, the energy beam and labels may be selected such that irradiation causes ap

increase, rather than a decrease l'm the intensity of theirj emissions, in given wavebands

{photo-activatable labels).

Irradiation of a sample at different positions along the Z-axis could be carried out using the

weli-established 2-photon (or multi-photon) mechanism. Tins requires a hugh power pulsed

Taser of longer wavelength (rypically 800-1000nm) which emits very short intense puises

which are focussed at specific Z planes. The fluorescent molecules at this location receive
2 I;hotons almost simultaneously, providing the equivalent energy of 1 photon of half the
wavelength, thus bleaching or photomodifying the molecules. Moilecules above and below
this plane are much less likely 1o receive two photons so are not affected. This bf»am may
be steered around the particle of interest by moving the sampie and/or beam to create the

substantially surrounding region.



20 Irradiation of a sample 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 800-1000nm) which emits very short intense pulses which are
focussed at specific Z planes. The¥fuorescent molecules at this location
receive 25 2 photons almost simultaneously, providing the equivalent
energy of 1 photon of half the wavelength, thus bleaching or
photomodifying 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 sample

Clairgind/or beam to create the substantially surrounding region. 10 Claims 1.
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A method of analysing a sample of biological material including

components tagged with respective fluorescent labels, the method
Acompoding #mel stisyss o PREB LRI AE 1 SIFEC AR IR G CURT GBI e 2eeed
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sample which substantially surrounds said specific component so as to
mddeifimpptiearifopErkied OIS PR OGS that they are
distinguishable;from thedabelassociatad.withinsaid specific eampansiat. Zhich
A method of claim 1 wherein the energy beam may irradiate two or more
robtomsialbhieTRHESHBIA SREH SU FRTRRISH SUAbHHIEHY Speapira: propemes
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region may substantially surround said specific component in two or three
ditdemsions compRIfiEthod of any preceding claim wherein the at least one
region defines an enclosed area or volume which is elongate. 5. A

method of claim 4 wherein the enclosed area or volume is elongate in the
diroetied of claim 1 wherein the energy beam may irradiate fwo Or mMOTE regions

which in combipation substantially surround said specific compenent.

A method of claim 1 or claim 2 wherein the at least one region may substanualiy

surround said specific component in two or three dimensions.

A method of any preceding claim wherein the at least one region defines an enclosed

area or volume which 1s elongate.

A method of claim 4 wherein the enclosed area or volume is elongate in the direction

of travel of said specific component.
A method of any preceding claim including one or more further irradiation steps.

A method of any preceding claim including the steps of:
monitoring the at least one irradiated region; and
triggering a further irradiation step 1n response io detection of additional labsiled

components entering the at least one region.
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of travel of said specific component. 6. A method of any preceding claim
including one or more further irradiation steps. ?. A method of any
preceding claim including the steps of: monitoring the at least one
irradiated region; and triggering a fl.ir{her irradiation step in response to
detection of additional labelled components entering the at least one
region. 11 8. Apparatus for analysing a sample of biological material
ingluding companents lagged iR fespaciive IHreaERnt IABelB e gges
apparatus inc ualng? means for irradiating the sample with anpenergy
wanspecsup forrtordnoldings thieesarrbenandiodmgol means for moving
the,cncrgybean.and hesamele felalive o eachyather to irradiate at

least one region 0 the samp?e which substa tlaﬁy"surrounds the location

of asspecificocdripmgent soradctondodify the optical properties of labels in
the region such fhatthey.are Qﬁ%t'é‘}?]%'e:s”ab%f? féi%matIG&Lall%?it%%s%cé$£%d0ther w©
with said specific compoﬁgent. 9. ethod of ana ysing a sample o
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it
ogical material substantially as descri erein with referencé to
Eiguiiery 37% drci3Biofabhie Drawirgebe! associated with said specific component.

A method of analysing a sample of biological material substantially as described herein

with reference to Figures 3A and 3B of the Drawings.

Apparatus for analysing a sample of Diological material substantially as described

herein with reference to Figures 3A and 3B of the Drawings.



