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(NIH). The Government has certain rights in the invention

BACKGROUND OF THE INVENTION

[003] Over the last several decades, optical analysis methods have

20 emerged as useful and broadly applicable analytical tools for detecting and
characterizing trace components in wide variety of media. In optical analysis
methods, electromagnetic radiation is provided to a sample and interacts with
components of the sample. The interaction between incident electromagnetic
radiation and the sample generates scattered, transmitted and/or emitted

25  electromagnetic radiation that is collected and detected. The intensities,
wavelength distribution, polarization states, scattering angles or any
combination of these propetties of the detected light provides information
relating to the composition, concentration, physical state and/or chemical
environment of sample components. Optical analysis methods that have

30 been demonstrated as especially useful for characterizing trace components

include absorption and emission spectroscopy techniques, Raman and Mie
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commercially and technically practicable.

[005] As a result of these benefits, optical analysis methods are widely used
for identifying, classifying and sorting biological materials. Optical flow
cytometry, for example, has been demonstrated as useful in a range of

25 diverse experimental settings including immunophenotyping applications,
DNA analysis, functional assays, cellular sorting, quantitative analysis of
cellular and noncellular particles, and, clinical diagnosis and therapy. In flow
cytometry, a suspension comprising cellular and/or noncellular particles of
interest are injected into a faster flowing stream of fluid, which provides a

30 sheath around the particles thereby producing laminar flow. The sheath fluid
is pumped much faster than the sample in a process known as hydrodynamic

focusing, which minimizes clogging and precisely centers sample streams of
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detected for each particle passing through the optical detection region.
Labeled probes and a plethora of fluorescent dyes, stains and intercalators
aid in the detection of a wide variety of cell types and cell components. In
some methods, fluorescent antibodies are used to measure the densities of

20 specific surface receptors of cellular analytes, and thus to distinguish
subpopulations of differentiated cell types. Intracellular components are also
routinely detected and quantified using fluorescent probes in combination with
optical flow cytometry, including total intracellular DNA, specific nucleotide
sequences in DNA or mRNA, selected peptides and proteins and free fatty

25  acids.

[007] Optical flow cytometry techniques, therefore, allow individual cells to
be distinguished on the basis of a large number of parameters, such as their
location in the fluid stream, size, quantity of granular structures, and the
presence and abundance of detectable markers. As result of this capability,
30 optical flow cytometers are often used to generate a diagnostic profile of a
population of particles in a biological sample. For example, flow cytometry
has been effectively used to measure the decline or maintenance of immune



has been effectively used to neasure the decline or maintenance of
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cytometers comprise complex instrumentation that requires highly trained
operators for proper operation. Alignment and calibration of flow cytometers
are not simple tasks, and need to be performed often to achieve accurate and
20  well resolved optical classification. Fourth, correct operation of a flow
cytometer requires the flow cell to be cleaned frequently and the tubing
flushed and disinfected to prevent bio-film buildup and contamination.
Cleaning and disinfecting is particularly important when using these methods
to characterize samples containing microorganisms. Fifth, the sample under
25 investigation is lost after analysis in many flow cytometer systems, and
therefore, can not be subjected to additional analysis using complementary
techniques. This is a significant disadvantage when analyzing samples
available only in minute quantities or hard-to-get samples. Finally, the
substantial cost of commercially available flow cytometers, even systems not
30 capable of cell sorting, in addition to significant limitations in their portability,
are disadvantages which have prevented widespread use of this technology
outside large research and clinical institutions.
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measuring the concentration of, and classifying particles, including cells,

20  microorganisms, biologically significant molecules and aggregates and
complexes thereof, in clear media, scattering media and/or optically opaque
media. Methods and devices of the present invention are capable of
detecting, identifying and classifying particles having a wide range of sizes
using short (e.g. less than about 1 minute) sample scanning periods. ltis a

25 goal of the present invention, to provide optical analysis devices and analysis
methods capable of detecting particles present in samples in extremely low
concentrations, such as attomolar or lower concentrations, and accurately
classifying them with respect to physical, chemical and/or optical
characteristics. It is another goal of the present invention to provide optical

30 analysis systems and methods that do not require sample filtration and do not
result in loss or degradation of a sample during analysis. It is yet another goal
of the present invention to provide mechanically simple, mechanically robust,
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optical element, confocal microscope or waveguide, is positioned in optical
communication with the sample and configured such that it selectively collects
fluorescence from an observation volume inside the sample and positioned

20  within the container. In embodiments useful for analyzing particles in turbid
media, the observation volume is positioned proximate to (e.g. within about
500 microns or in some applications within about 200 microns) of the wall of
the at least partially transparent container holding the sample. The means for
moving the container is operationally connected to the container such that it is

25  capable of moving the container in a manner that transports at least a portion
of the particles in the sample through the observation volume. Exemplary
means for moving the container useful in some embodiments are capable of
rotating and/or displacing (e.g. vertically displacing, horizontally displacing or
both) the container in a manner providing a statistically independent

30  observation volume for a given sample scanning period, and, optionally,
provide a means for transporting the particles through the observation volume
one particle at a time. The photodetector is provided in optical communication
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provi destiaisplecal anal ysis device for determning the concentration of
particles in a fluid sanple conprising an at |east partially transparent
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conf ocal having egsatieeniracegritio algorithm capable of detecting, counting and/or
classifying fluorescent particles present at low concentrations in a fluid
sample. In one embodiment of this aspect, the present invention provides an
optical analysis device for determining the concentration of particles in a fluid
20  sample comprising an at least partially transparent container for holding the
fluid sample, an optical source for generating excitation light, a confocal
microscope, a means for moving the container holding the sample, a
photodetector and a processor having a pattern recognition algorithm. In this
embodiment of the present invention, the confocal microscope is provided in
25 optical communication with the optical source such that it receives the
excitation light. The confocal microscope focuses the excitation light onto the
sample held in the at least partially transparent container, thereby causing
particles in the sample to generate fluorescence, and also collects the
fluorescence from an observation volume in the sample. The photodetector is
30  provided in optical communication with the confocal microscope, receives at
least a portion of the fluorescence from the observation volume and measures
its intensity as a function of time, thereby generating a temporal profile of the

fluorescence from the observation volume. In one embodiment, a confocal
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front of2ReTEUrBHYBSHEDAING@ Wishh ﬁ@'%‘te:dﬁr@mdheﬁﬁﬂg‘ﬁ@Fé‘bQH’éth BBOUpr ovi des an
obsersvatt(%l \{qrnge having a vol une selected fromthe range of about 1 x 102
mB to a ou[n X 108 mB. In one enbodi nent, the confocal aperture is a
slit having a width selected fromthe range of about 1 to about 100
m cr ons. [018] 4] Thhengamarfor frmpvingthenepritaieecsnzarably doneptadaiol theconnected to

t he contai ner suc hat, .it is, capabl e of, noving the container during

opti cal %‘Hﬁ?&'isr ggcq? h"agﬁtésé;ﬁBaB%n@?{P?v'f‘ﬂéh%ﬁgﬂt?ﬂ?%rde i?fg'cf“ﬁe cont ai ner-
rotates &Mf/ﬁé._ I 8né lepitRsdifnnt, GRE 4 foR hRihPtheet SthRer kd@tect ory during
optical analysis that transports (or sweeps) sanple containing particles

t hr ough @mdobligesiatasitba cppitainer alonp yselecten diaiecionadwing epticati ng peri od,

ver 0 a1 gt 1R Rt B B B A Bl E PR TS Wkl B T oving e

cont ai negbsepvaticrsvélbmecdunire) aseletted sgmplet scxmnirappétied For ekemnpleyby

systenmati cal I.l%/ var%(lj n% the orientation of particles undergoing anal ysis
with respevidingratg peiy sisripcement Qithe gentaiRgrinvedtical e§Rforas they are

t ranspor Yt i grﬁ%n ' t he

cont ai ne'?&?rzaotyl?éplrovi Héﬁﬁn?ﬁn@b%% t@? n;(%edéﬁﬁpq?g‘\@ , c(?/%rftlg@grp%'ralf%oncycl i cal ,
t hat ef fthetdontdiget danirspoptical senaplses, chereby siystgnpatidally vasyindtreugh t he

o o Y el i A e e BrBE o of Pt
the cont g8 eF tHeSeRcitFAbANIght ¥k titdY) A% PARPoHRR thforjMiheroervation
volume. The means for moving the container may provide any motion of the
container, cyclical or noncyclical, that effectively transports sample containing
particles through the observation volume, rotates the container or provides a
20 combination of both translation and rotational motion. In one embodiment, the
means for moving the container is a motor, switching electronics and/or an
eccentric rotating plate mechanism capable of rotating, vertically displacing
and/or horizontally displacing the container holding the fluid sample. Means
for moving the container preferred for some applications provides rotational
25 motion at a selectively adjustable rotational velocity, providing vertical
displacement having a selectively adjustable trajectory and rate of
displacement and/or providing‘ horizontal displacement having a selectively
adjustable trajectory and rate of displacement. In one embodiment, the
vertical displacement rate of the container is selected over the range of about
30 0.01 centimeters per second to about 5 centimeters per second and/or the
rotational velocity of the container is selected from the range of about 0.1

revolutions per second to about 10 revolutions per second.



eccentric rotating plate nechani smcapable of rotating, vertically

di spl aci ng and/ or horizontally displacing the container holding the fluid

sanpl e. Mzansodsu28a0Vi ng t he container preferred for someTAEPItcOMBDONS

provi des rot at ional notion at a selectively adjustable rotational velocity,
I di di spl acenent havi ng, a sel ectiv adj ustabl e trajectory

Prar ot d03BT i L Brcaner, SHON G DromPUIRST RIS TR MErSIPaUNaBbont hvi ny. &
sel ecti vy @ﬁﬁ%ﬁb#@cdgrngiogﬁ gémh?ﬁ% ,!sr%meefmdcwéasa\%@% I'n one

enbodi nment , rtical cenent rate of e container is selected
over thecommngeloatloalmthltthe motodetectos fen recpvingsat ontput sigrdut 5 centi neters
per second and tati o

/ | | d f
Phe T andBrsrpanging § 14 Febp (il satlS séretated by wliptadlERoTo Qndiafich fons per
seconrd. [¢¥khé phkerPreReghRioh al§osthnRanal z@érmett%fnwrapéﬂwre hR&@WYr e

equi val ent having a pattern recognition algorithmis provided in at |east
one way d&iammingegPnEENHatieR op Ratisias iadhe sample.r breng iempadiment.put  si gnal

of ¢ ho narEe T e Gni EEAC R RidthonERRYR W n IPEP AR | . " her eoy

det er m npredetdmiraanpattérng thaicarfegpantito lties tine ddygertampflaordstenoe
enbodi nent, the pattern recagnition algorithm matches features in the

t enpor aI'nFﬁr@fthSé) Periifles pessing ﬁ@@uﬁatth%M’?§3N@§Pné’8}%§pond to the tine
depepde t it \he
obaarvar aekaTTREFPERlRl (it fe Bredtt i Eon RFIHER 4 WSBANAN ™, ot on
conpr i seofantdinsities asta flmod]bn|orﬂltle’n£|an|demaﬁbeade°te|mmnedrempblrlt:aalh;e(forand may be
det erm ned e iricall e measuring the fluor scence t enpor al
orof 1 ecoraByRarHTe el ERaed teMLae RBTe S etaPaNAITGGr | uor ebcent
particl agelf @h&acﬁeﬁtﬁaa%%nwatc@hmmgfﬂu@%%@aéhwésa@e@ e§brﬁ Rgs)) or
calculated ab initio. Pattern recognition algorithns of the present

i nvent i cepMiaipingefiupresegiilydabeled k@adéb)g@rrcwlateﬂuah witimgPattgor i t hm  t hat

|det|f| articles
pasarng EreBiBREidorbfid 4P BreSmstimlentpn i) o B EPARAS 2t  er
recogni tlafgeralage filté g algosititta} that iddntifies GectligRyrin tahtemnsdrat bmﬂner gegent
i nvention are al so ab e to anal yze tenporal profiles via
correspond to particles passing through the observation volume. In some
embodiments, pattern recognition algorithms and data filtering algorithms of
the present invention are also able to analyze temporal profiles via
20  fluorescence correlation spectroscopy techniques and photon counting

histogram analysis.

[016] Discrete particle detection events are identified by establishing a
match between the amplitude and shape of a feature in the temporal profile
and a predetermined pattern. The concentration of particles is determined by

25  calculating the number of predetermined patterns matched to features in the
temporal profile for a given sample scanning period. In one embodiment, this
is performed by operation of a filter algorithm that performs a least squares
calculation at each point of a large vector. The algorithm calculates the best
amplitude of the filter that minimizes the local chi square, wherein the

30 amplitude is a multiplier of the filter intensity. The chi square is calculated by
weighting the difference between the raw data and the fit to the predetermined
patterns with the sum of the noise level specified in the noise window and an

estimation of the standard deviation that accounts for the square root of the



fl uorescence correlation spectroscopy techniques and photon counting

hi st ogram anal ysis. [016] Discrete particle detection events are identified
by est ablwehwesgypsaesaat ch bet ween the anplitude and shapePpafi/us260emv46p€e i n t he
tenporal profile and a predeterm ned pattern. The concentration of

articles i s determ ned by cal cul at. he nunber of predeterm ned patterns
et ched NUTRRIRNAMEY A AparieHier Bk bhe e yecio; GBRCAHFRIaNsscann ng
peri od. gr8 08 cRIPPSINRE lanaly2ed teﬁwp@%mbm@%banviagfryg«{el @Qgﬁég & filter

algorithmthat perforns a | €ast squares calcul ati nt of a
| ar ge veaoatches bydhealvgtume birsamiptaapalyzed Heribg stsedeqied sadwlef the filter

that mnimzes the |ocal, chi, s erei,n the applitude i.g, a multiplier
of the. HOPRBIY Rt A A bR HCRL Buisl R €l e O ERBAMRIE 43081 g € ho

di f f gr ergge SEtHeRsIsEionW|Gidkarats &f infievdréntisT thé @opfAsks @l dlirakdofat t er ns
with the sumof the noise |evel specified in the noise wi ndow and an

est i mat iVeRtiea anAhasizaptal disnirsaraenty angrile dakatinnefdihe sample s€gnaing r oot of
thenunb?;eri%fd counts at the particular point of the |arge vector.
Concentrations are extracted fromthe anal yzed tenporal profile by dividing
t he nunber of matches by the volune of sanple anal yzed during a sel ected
sanpl e 047rhi Myn pepoaht fuhctidnat ehatzeteristicradtdaly analysis! inttieel présentknow edge
of the size of the obﬁervation. vol.u rate OE novenent, of the container
(e g, rAPETHRN NG PaICI EPeRBRINORE ATt S SPRERIR3CC R RHROTERRIEMI on of t he
sambe F6PPRAREIRAth8dransfitfandY) dbeBiidmBladddcsdeahgdiar acteri stic of
data analysis in the present invention using pattern recognition is that it
i s capalbiluprescenseanst exajtation light bng Mmeying feugg esfating ttrenslatingeai t t ance,

absor ba 0 t A f Ci lon light by a

novi ng ?’gg%gegéﬁé{\ll%&%ﬁﬁélgggﬁlgéﬁﬁé)ﬁ%Pﬁgé%ﬁﬁ%%ygévéé t%éhﬁeol ding the sanmple
under goigrgbediatetis, shisl corfsviiBnemoshtare cerreting far@haages gmtgount s to
correcting for changes in the background f| uorescence and/ or scattered

exci t at iRAPKOrNd Husasesncemrdipy seatiaied sraiiaiiamlightfiam hon of tine.
Accqidi ’Iﬂiééwé{ﬁ‘}r{\%lgmre%sg?mrﬁt@@ cg][fﬁﬁéf.sAEcér‘aiﬁdl‘sﬁ pAERIAEcdghifSH | on enhances

t he ‘accuracy and repro
analysis in the present invention enhances the accuracy and reproducibility of
measurements carried out using a scanning optical instrumentation wherein

the sample container is moved during illumination and optical analysis.

[018] Optionally, operation of the pattern recognition algorithm classifies the

20 particles in the sample on the basis of one or more physical characteristics
such as size, shape and diffusion rate, optical properties such as brightness,
and/or chemical properties such as the presence and/or abundance of
fluorescent and/or fluorescently labeled biomolecules of interest (e.g.
peptides, proteins, lipids, m-RNA, oligonucleotides or aggregates and

25 complexes thereof). Characteristics of the ensemble of particles, such as the
particle size distribution and the particle brightness distribution, are
determined by analysis of the amplitudes and shapes of intensity distributions
of the predetermined patterns matched to features in the temporal profile.
The width of the predetermined patterns matched to features in the temporal

30  profile, for example the full width at half maximum, can be positively
correlated to the residence time of particles in the observation volume.

Alternatively, the size of particles passing through the observation volume
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measurenents carried out using a scanning optical instrunentation wherein
the sanple container is noved during illum nation and optical analysis.

[ 018] Optwonaddiogs2seper ati on of the pattern recognition acgarseedamsbassifies
the particles in the sanple on the basis of one or nore physical

characteristics such as size, shape and diffusion rate, optical properties
such as 'B?V@ﬁt@@gmnﬁﬁobyo‘{arb!ﬁ\@rfhééN'dﬁf)‘rQﬁﬁePqu@ﬁeCé%ﬁaﬁgrlﬂﬁ’e presence and/ or

bund k I f
f‘nt‘gr2‘2fﬂﬂtnét\dé%%ﬁ%%fat&@gtug{h% IeH?do?é@%hleV A aé%f‘dtﬁgr Onugﬁ {I‘:{dgg gr
aggr egattbe iatedratecirightsedshefifeatuyes MBaemuraltpmﬁle(ﬁnd/be ensenbl e of

particles, ch asth art ch edstrlgilonadt{] particle
bri ght ne@?dﬁreéwn%f)? ns{pate 893? Fluepsgp tardepepel pro ﬁé’r‘é‘ﬁﬁ?% udes and
shapes %eéé\ﬁr%’iﬁéﬁt¥ o@bﬁﬁ/élePbbﬁ@aﬂ a%/dr%eﬁaﬁ.eéleérﬁgaa@ﬁgt.@@éﬁ%ns mat ched to

features in the tenpora le. The wd redeterm ned patterns
mat ched Rarticleat smzhsa$ the aleetaendmha@e giipeiriicles irf the @beamatmrt fegidrul | wi dth at
hal f maxi num can be positively correlated to the residence ti rre of

Passi ng 1P1PDugHSe RESTREH RehoiRn i allihl R hé Bohhelsod Bl 8afndid the
wi dt h ofdatafls bereficibeitedzaistdt énlishogedné sbasitiviey apd elkparad tHees in the
t enpor al Brofl | e. 1n_another enbodi nent, the integrated brightness of

f eat ur esfupgtiongl c@@ﬁetblha@ tﬁﬁd?r%@“té?ml%‘ra'?ﬁ'ké%t”éﬁthpﬁ%@nﬁ ViG8%s mat ched to
featiyf ekitdh, bdieof BTRRA iRhiloh AEANHAPSISRERUISABA'H paltgiby s cal . optical

and/or chenica I CS he partic suc e size and
shape ofhauamg looV begh’tmesbeat cbeeentetions asdgivoas 10 @agfclés peomilllitpat t er n

t m f.or th I f 1l dat benef I
because YN AR SORNNG ArORES (s AR A BN 1FB HaNCEP Gl capabi | &y

of the phRHEMEMERE IntsBnsiAty 6T abollEh M’c%r éﬁfb%h?ﬁﬁéd tg'do‘iﬁ/enﬂéﬁeIOf a

pattern recognition algorithmallows detection of particles having | ow
br| ght nespanaing epifentl midrespopysnetbadas Sesopdr pa’tter@srepegmhonl iliter using

Pl SGR0Y BFElOpoh R AR5, BoRI T BBl SR e
conf ocal ofrsigs adthemy acduracisof Sianend, %pabeIover,awedil 4 pAtessor
having a pattern recognition algorithm provides size analysis methods
capable of classifying particles on the basis of size over a wide dynamic range
of sizes, such as a range from about 250 nanometers to tens of microns.
20 Finally, pattern recognition algorithms also provide accurate particle
classification on the basis of other important particle attributes such as
diffusion constant, shape, brightness and composition.

[020] Another advantage of this data analysis approach is that the
predetermined patterns useful for analysis via pattern recognition and their
25 use in such analysis algorithms do not strongly depend on particle
composition or the composition of the medium that the particles are dispersed
in. In the present invention, concentration measurements involve identifying
the number of particle detection events and a determination of the net volume
of sample scanned during a sample scanning period. Particle detection
30 events are identified by matching a predetermined pattern to a feature in the
observed temporal profile of fluorescence from an observation volume. y

Predetermined patterns of the present invention are capable of being scaled,
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al gorithns of the present invention allow particles to be classified on the
basis of size with any accuracy of about 10 % Mbreover, use of a processor
havi ng a wetv@evas42sacogni tion al gorithm provi des size an&CyAdiS2006®046061S

capabl e of classifying particles on the basis of size over a w de dynamc
range of sizes, sucgyas a range from aboyt 250 nanoneters to tens of

ni cr ons.NGEM@Feq ang F@Frﬁcf%%g?ﬁqoiuﬁhfocﬁldgfﬁrﬁf‘ﬁ%"'hi@cﬂ'ﬁ%ﬂ@ﬂ@é‘daccur ate

particl ecgﬂs?%ﬁ!rfa'{%ﬁ i&@stiﬁ'%é)é‘érinélre%rn?frilaﬁﬂy 'bf*gperc Oamanwim cle attributes

such as usi on coristant, shape, ness an nﬁ03|t|on. [ 020]
Anot her kmwdedgegef ihle type of gatticiempilegsnkinappamathand phipsicak he pr edet er mi ned

tt ful f | ysi ' t I ti d, t hei ' h
Bnal ys! PrAPSIRF: Hih Ao arbsLane ile stierdinao eI BRHIED EOUARERHS on or ¢ he
conpasi tinficles. TherdmBel, Yhe bRdderi hechfiidsCalRY a6RrifisRRISednEn. | n the

present invention, concentration neasurenents involve identifying the
nunber diongentratioreotiparictasonithaseiabaiate calibsatiomprasedoresostrangly net vol une

vent s SEeTRRE s K bR, 0P B RRSBEH PRlehdbing eyt B eat ire i n
t he obseagoneskiiof pasticié cliseffichBo®fthé piesart pratheds Lo Mi@@@m@y@n_ vol une.
Predet erm ned patterns of the @&esent I nvention are cafpabl e of being

scal ed, rf@ireatiopdRroapdurs whish relatesithepraplitda @ndoshamer efarredetesmined he
di f fyusi . DAr ] in k. iricall
I TT7sI ﬁ?@'s Vﬁda?ﬁ?egﬁ%&mﬁh% ggﬁggét. e tl;;glg%g?l'ﬂgghﬂ%?F%?%%ﬁlgg%ﬁhé SGa! 'y or

t heoreti'c et rtrcles pr t 1'na sanple
and physifdhaé pprtimbecan &g, desiuceddsy therisne if tales foopass throwgtgthe of the nedi um

et er i riose ypiirie To GRS Y o i Si88 L 118 S e ST el abor at e
cal i br atmagninémém&aqéw@f@w vaRRADABRIsIANCAN BeRiifiSinea WikHdi @ of the

system undérgoi ng analysis. In the context of particle classification, the
present prisvhealibration. diowevas, ealipirajorawithipapicies ohkpowo singr earvalisotber el at es

oot A BRI Bl 6, the'si zo. of the particle can be
deduced by the tine it takes to pass through the confocal volune. In
princi pl[e21pi VEte thebiiatienalf a tenfstdl tmictdseopptantied means for moving
the at least partially transparent container holding the sample provides an
effective means for transporting substantial volumes (e.g. milliliters) of the
fluid sample through the observation volume without requiring use of a flowing
20 system. In the context of this description the term scanning refers to
conducting or transporting sample containing particles through an observation
volume of a confocal microscope such that particles may be optically detected
and/or characterized. In addition, scanning in the present description may
also refer to movement of the transparent container such that the position of a
25 particle in the observation volume is changed with respect to the optical axis
of the excitation light, for example by rotation of the sample container. In one
embodiment of the present invention, the container is simultaneously rotated
and vertically displaced to provide scanning of the sample undergoing
analysis. Vertical displacement of the container generates a trajectory of the
30 container that passes particles through the observation volume and ensures
that the scanned sample volume analyzed during sample scanning is
statistically independent. [n the context of this description, “statistical

independence” with respect to observation volumes analyzed by the present
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magni fication and the rotational velocity, the size can be obtained w thout
a priori calibration. However, calibration with particles of known size can
al so be uweadoeanstise present invention. [021] The conbi nacirars2ak/oedceonf ocal
m croscope and a neans for nmoving the at |east partially transparent

cont ai ner hol ding the sa | e provides an effectiyve r;naans for transporting
substantqeé{lC%cﬁﬂﬁﬁ'\F?ﬂ'(QQSd efers|to the fast ghatdhe prrb3YltY f sapinodhersadgyh t he

obser vl o R $IrhbBLhadfANbA LAY 360ladert MU BX3EBEIL e

cont ext I's description CARRT NG Tefers 1o con |ng or
transpors{maig(&sga.dp#ssathamlrﬂ ai %6 )rapdoiar sainae: easemlsmeyhgd:rhe(mgeresatthann vol ume of a

conf ocal C ch t rticles may be o I et ect ed and/ or
char act &@@ﬁ?? ﬁP%%(ﬁF a%@?{ﬂl‘ﬂ@aﬁf?'%ﬁ“ﬁ%@ %RL/’F‘F Pion may al so
refes tQ/oimﬁé%'fﬁtldhfoﬁthé cbh?élﬁéhaél%tsyﬁ@ma%icﬁﬁ& véHéQtH@ﬁbsﬂﬂBﬁoPos't'O” of a
particle in the observation volume i5 changed with respect to the optical

axi s of paméclexwithaespectito gre optical axeeiihe Q)@lta’mra’tlghinthﬁrebhe sanpl e

ot mut ¢ aniaey ¥ RePad sREROu nb ARelioR e the bl ke 886&anni n of the
sanpl e witedtivpl. MRotatieh Y$tite coetainer duridly tiptissleamatysiof thehsfoemnt ai ner
generates a traJ ectory of the container that passes particles through the

obser vatRreWdes eunrganshaf @lwaptegwrrgapamﬁl@smﬁwt@arﬁﬂr@tatl@nahe anal yzed
duri;§9 SRIZRIGR, lﬁQﬁ@BbQQr\/‘aﬁoﬁtrgglbﬁtw ﬁﬂ?}és%ebp@ﬁtﬂr@gﬂsgégaiicfhé € of iy ext of this

descrl ption, "statistica dencer i 0 observation vol unes
anal yzecém;tamdsrehghteﬁmtmldarly,astaim mfethe@d&t&l@érﬁilbWS)paﬂmele‘saotbet hat the

babi | j t th ticl fi t d
Clibsequatieladeusst s BEeamigr prusalinercRe gves L& BRa a9 and i n sons
cases i shifeghh e Daftidis) \Qhlch%'?révuﬁﬁé%d@ﬂf%%l’lln%rméti@mai%ﬂrigot@ th@ sideansporti ng

particles through the ‘observation volune, rotation he cont ai ner al so
syst enatahaalelemd/@crmp@snlmot)tm pardinlesf Trb@rctdmblegtmmorﬁr@‘ret;peéabmﬁ &% he opti cal

axi I ght r VIdI ans |ng t he
posiis oro gofND is3bl s 5% Seeha Ay s VELRe) BERARE Bali ZF N ne
cant ai ?eabodm SIOMtIﬁ’Eﬁt@lC@ér Sﬁb@'n)ﬂ? bﬁatcyhﬁ?drﬁffa@ b&}/etfé pmvld@@s a coRediserof

charac et{e{]écl;tglgy LlljjéaerfulI f%r %Seaas%n%g tﬁg %ohger]nt(r)atlornoofape{rgglgs in a sample at

sub-attomolar concentrations and classifying them with respect to size.

[022] The net volume of fluid sample transported through the observation

20  volume during optical analysis (e.g. by rotation, vertical displacement and/or
horizontal displacement) depends on the length of scanning period, and the
rate of motion of the container holding the sample and the size of the
observation volume. The size of the observation volume is controlled by the
size of the confocal aperture employed in the confocal microscope,

25  particularly the size of a confocal aperture positioned between the sample and
the photodetector. Smaller observation volumes are beneficial for increasing
the signal to background ratio and ensuring particles pass through the
observation volume and are detected one at time. Use of smaller observation
volumes, however, requires longer sample scanning periods to analyze

30 equivalent net sample volumes as analyzed in systems using larger
observation volumes. Accordingly, selection of the observation volume and
sample scanning time represents a trade off in these device performance
attributes. In some applications, the best compromise is to use the largest
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position in the observation region with respect to the propagation axis of
the excitation light. Particularly, rotation of the container allows
particl eswoaodsseisar acteri zed froma plurality of opticacTpseepecichses
(i.e. axes passing through the particle) which provides additi onal

information rel ati n? to the size, shap (geand congosmlon of . the Earticles.
The contsoRRGa@PEFtUFRthat PEIYViIdesacrurate detestion ang chalasiteization ¢fdhesecond)

and_s! OuRIHMBS of fitbrdst VB NPBadARIE oBsenkBoRRBiime (GSHY ITier Per second)

a cylindrical cuvette’ provi a container traje tor use
rreasur | npnfdeal @padar&)rﬁ'tatotal (yblqcme scahrad for cagivanplie tiate isudrgert orml ar

concentr |on nd _cl gssi f .them.wi,th respect 022] The net

Vol ue. ditarfaetGarndes HoeRBind P el S A TUBT SO0 BT e cur ' ng
opti sal emws)@t@aémeae a%nb@ﬁ@éﬂl&ﬂthd{@ntsljfé' thelt ﬁah@@%@@ttr@rwo%dhor i zont al
di spl acement ) depends on th th of scanning gerl od, and the rate of

not i on dhrqugh %dﬁteaatlﬁawomn@lpng eelingamSaenpladilutien mazsealgo behesafblser vat i on

cont oca g b ReRrRREp SRR anctBat P HERY SecfBRbor EheMibur ar s “ihe

si ze of mmedianf ocal aperture positioned between the sarrpl e and the

phot odet ector. Snall er observation vol unes are beneficial for increasing
the sig rati o and ensurin articles pass through the
obser va&ﬁéﬁ -ﬂ“ 85%&!‘%0@‘3 Jﬁee%orBH%n%'ﬂg gwar@l@g arsagple dingbser vat i on
vol yges, ﬁﬁ%éﬁélgsné%b‘%ﬂ% nLIRIBE of l@ lﬂQhB‘?ﬁé’tﬂgésLﬁ‘ﬁda”a' yze

equi val ent net sanpl'e volunmes as analyzed in systens usi ng | arger

obser vatdeyicasodfithissaspact of tiergegentsisventioronFiost, use obbsentaddl on vol une and

011 bulBeros e oal IR R MR S bRES udoubRgheReaws SolGie (o

| ar gest grpliaesla Means ferdiyporinPpalitfesABfdligh &n BBEES/ELIOA régitn
characteri zation of the particles of interest. By increasing the

obser vatWijie @widing the sieqd far gm%ruatlag@ffbu@rfloafpe‘hse arreyylt.ithe sesipde vol ume
scanged . rgoﬁg"a?{% y%ﬁ"d%éﬁ9 r}q‘gﬂ[e%‘%& ndVd gfé?ﬁéﬁ’q?\l L) a%r%%i‘? { s under goi ng

Opt i'cal ana rior O an SIS Ieve a
concent rgrbblemg hasockted with sdraplepfiow andeﬁoggireg tasainggyichkeflowhr ough a

detect ! tometty syStbms in‘addition, sammle hever Shiers the Thnar workings of e
device, thereby making the present analysis systems less susceptible to
problems associated with contamination, bacterial growth and formation of

20  bio-films. Furthermore, the sampie is not lost, damaged or degraded during
optical analysis, thereby allowing the sample o be subjected to additional and
complementary analyses after detection and characterization by the present
methods. Second, use of a confocal microscope enables use of very small
observation volumes, as small as picoliters, which are useful for ensuring that

25 particles pass through the observation region one at a time and improving
signal to noise ratio. Vertical displacement and rotation of the container,
however, allows for large volumes of sample, such as sample volumes equal
to about 1 millimeter to about 10 milliliters, to be characterized using relatively
short sample scanning periods, such as scanning periods equal to about 1

30 second to about 100 seconds. Third, use of a confocal microscope allows an
illumination focus to be selected such that the observation region is positioned
relatively close (e.g. about 50 microns to about 500 microns) to the walls of
the container holding the samble. This feature allows the components of
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when characterizing particles dispersed in highly scattering or absorbing
medi a. [023] This conbinati on of device conponents for scanning a sanple
during opvocade/mmmBysi s provi des number of tangi bl e benetCirtus2eoa/0048e6 met hods
and devices of this aspect of the present invention. First, use of a

confocal m croscope in conbination with a neans for noving the sanple
cont ai nePabA fiaBSPareRtand/or Sy seRliRsing Macisnien Srasmple digmeste,

observaty ' ' Ll ratlng id flow As
a resut 0 ThERea G b el RS SRR Bl e

prefilt rase ohawonfooal eicropcaie incombisatiomwéith avmdansaophvingiveand cl oggi ng,

as in optical fl Wct%&eﬁr sstegs. In addition, sarrﬁle_never enters the
i nner V\D?WHGSC% angEP ec%? SR rARRPAY NS R@Mpie SeRtAINIAG| ysi s syst ens

| ess ssus ikl [ ' ; ) | bacteri al

o onn a3 BrdUIPAPBDETRR i REGiGh ARNBLE FodiAMi EbmBlesbrioaf oo ! | O
damaged Wsieragoamerising muyesple apticaheempenentst becle by trainskatinggptical sanpl e t o

be subje L1 | _and conpl enmentary anal s after, detection and
char act esfélgrg?%’wga%ﬂﬁg&g% géﬁ%{o'ﬁgﬁ'ﬁ@@. trggc/?ﬁﬂ?d éi@]eoprege% nf ocal

ni cr oscoipeertiviblsesdwitagdousedsit pravidePasthpRL ndthepldaPFob@st smal | as
picoliters, which are useful for ensuring that particles pass through the

obser vat Paerinegntahsysiamdhabdeespotzieguirapepeated antigabrealignmente rati o.
Vertjcal &m@ha#%rﬁgnt and rotation of the container, however, allows for

| arge volunes of saiple, such as sanple volunes equal to about 1 millineter
to about 10 mlliliters, to be characterized using relatively short sanple

scanni ng[02d{ i oksanathehaseds cheprespnidnventoneposidesonathodtant d@desd t o about
100 ds., Third, . Of f | .m . al | . |1l um pati

Foous 1 Jobaeletuel PtEdiod arbinernd ion i GoRca AogiParatoey # fokod

rel ati vedampleoand (Cptidal is PLtRbES RS deRiceBUshaBROoMaisEMRktih

' rqﬂ the walls
of the container holding the sanple. This feature allows the coﬁponents
of par t i aPetyveennasfieles mavingdliierent ghysicalaeropertiasgandéai eherhisal exanpl e tur bi d

e, o S KRN TRt B B s RL Tr
t he detection specificity is provided by treating the sample with one or more
fluorescent probes, such as fluorescent dyes, stains, covalent tags and/or
intercalators, that selectively associate (covalently or noncovalently) with
specific components of a sample, such as surface bound, intercellular or
20 intracellular proteins, peptides, lipids, oligonucelotides or any aggregates or
complexes thereof. For example, the present methods and devices are well
suited for analysis of fluid samples that have been treated with a plurality of
different fluorescent probes, such as nucleic acid fluorophors and fluorescent
antibodies, that selectively associate with different components of a sample.
25 In this embodiment, simultaneous or sequentially excitation with light of
different wavelength distributions, and detection of fluorescence at a plurality
of different wavelengths allows for discriminate detection and quantification of
particles in a sample that selectively associate with one or more fluorescent
probes. Alternatively, detection specificity is provided in some methods and
30 devices of the present invention on the base of the diffusion constants of
particles passing through the observation volume. In these embodiments of
the present invention, the intensity distributions of features in a temporal

profile of fluorescence from the observation are analyzed to determine the
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sanpl e contai ner provides a means for transporting sanple containing
particles through an observation region w thout requiring conplex optical
systens cwopnécismg3noveabl e optical conmponents, such aspcransséoani4sge opti cal
sources, photodetector or dichroic mrrors. This aspect of the present
invention is advantageous as it provides a sinple, mechanically robust
exper i mehffugion genstant asgocirted with a detpeted padistant Bar example, in eethegnnent

bet ween ; : .S ' | op provi des

ot hod diehes 4BEHL) S BIHERE LT PRTEhmel BRI s TR &1

concent rpadtiepm reftched t0 & festuraninathtlteimpossinmpoiie iapdsitiptlycrreidtatitisi s net hods
and devi.ces capable of discrimnating between particles having different

physi calthe dffsian eensianh o resisience imephifernarticles im the phseiwdin nents of this
aspeg Q)COlLLrHQ. Wse(ﬁgg%n;t %&3&%@?%%% Eé’ﬁ%lefs:ocﬁ'o |ﬁ£%r’eﬁ’é %%%V ;se y

treating the sanp uorescent pr ,
f | uor es chapedyedectdt eharge, havaldifferenbdiffusiod/aonsiartier thid fanotienalt hat

b L T
i nt r acelyetlvasn RIFRSrBhNSartBRIYbES T a lShRIHS. Agghfagiggg@beﬁéc%ﬁ or any

aggregates or conpl exes thefeof. For exanple, present nethods and
devi ces spesifigdy Is pigviday incsone mefkeds and tievices A itipe presevhinvieatien been

et 401 o bR o disfeetive Biinsss T FERLErBoRRiSseE B oci ar 0 ©
wi th di fiflgested Gotepsiiestof fedturessiathe eempordl braiile Bpe det@ifined andl t aneous or
sequentially excitation with |ight of different wavel ength distributions,

and det et8eddn diferentiaiecditierant wresLfnantieles« |0 8pmeiinslaness: fRkvel engt hs

campl o tRarE IR of e blaeBht AT By (R ol e bent. probes.

Al t er natdisteiguishieg pattiobes, spebiaki aells pr insicmoogamisths, ondoebasistditis and

R T L
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fluorescent probes administered to the sample.

[025] In another aspect, the present invention provides multichannel optical
analyzers capable of simultaneously and independently monitoring

20 fluorescence from a plurality of different fluorescent probes associated with
particles transported through an observation region. In one embodiment, a
plurality of photodetectors, wavelength discrimination elements and
corresponding confocal apertures are provide in optical communication with a
confocal microscope, and a plurality of fluorescent probes having different

25 excitation and/or emission wavelengths are provided to the fluid sample
undergoing analysis. The composition of each fluorescent probe is selected
such that it associates selectively with materials of interest in the sample, for
example by using a plurality of different nucleic acid fluorophores or
fluorescent antibodies that selectively bind to different surface bound or

30 intracellular proteins or peptides. Excitation by light from one or more optical
sources causes particles labeled with one or more probes to fluoresce. The
intensities and wavelength distribution of the fluorescence depends on the

abundances and identities of fluorescent probes associated with the particles,

16



profile of fluorescence fromthe observation are analyzed to determ ne

t hedi ffusion constant associated with a detected particle. For exanple, in
sonme i nstwoces/dsks3w dth of a feature in the tenporal prafituse0sn04696
predeterm ned pattern nmatched to a feature in the tenporal profile is

ositivel orrelated to th si on onst nt or. residence tine of the
Bart i cl e@'y{(i~l ﬁ“{%@%ﬁ? tpdﬁa gyJH@ pa}sg,(:%ﬁ op %H?S'ﬁﬁf@mﬂosﬂm iRl es, such
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di ffusion constants, this onal capabilit present invention
provi deselénmfﬂssubbrasmrztlﬂai f‘ritemt grajmget mns,dmbheclmmimaiarst orcdiehtojpes in a
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angp devi @3" %Sgﬂ?gtéﬁlgﬁﬁﬁagg h ?'FR/%?R feﬁhxg B‘P FGPE88EF ed particle

bri ght nesriginating frésea gaﬂ@@t&dﬁmrtsréscémeprbaé ahdidy n%tf&éteét A8 es of
features in the tenporal profile are determ ned and used to erentiate

di f f er en@rigipating Bf’mp%thﬁf Buerescent prohes iasseeiataskwith $he padids. e, t hi s aspect

of the p n rticles, such
25 col | SAEXTngh ebh LABIALET T BiSERRo BrealaShl PP i undance of
speci fi cgénerbteg a:tdmpm‘aéptdfm of flucresasndy Do the obzepidtid@svollimei ds and

ol i gonucel oti de i ch selecélvelg bind to_one or nore fluorescent probes

admi ni st%(?réeclspcoé‘dmge%saaﬁ%'?@te entprebred hissprabediment githaent i nventi on
pr ovigdespadbht mhanis lscﬁgde?lélal PRELYSENR Prévid gﬁ (?’fglelfe%&?dht%%ﬁﬁﬁ#y and

I ndependent|y nonitoring fluorescence froma ‘ent
fluores c@mthmmﬂzjelgsaﬁ drderest enbybeé hagged with esorerthas metf&@réﬁavﬁgh an

b t nbodi t tgdet ect
navel engt0aSaF n.lrR L kiR O Binceieforbafbnt eceBimo ANENor t ur es ar e
provi de ofitherutmidtlof BRETH MGt pittodbtebtots f&rﬁdh%aeﬁ'ﬂdéteéﬁcm)@verﬁ&d a

pl urali ty of fluorescent probes having different excitation and/or em ssion
wavel englieyvsaios discominele defectinn andiquantifinationnidee gertinesotinterest. The

conposi ti on of each fluorescent probe is selected such that it associates
A o e
ant i bodi m;alyiers wdmreinta pleirglithiof phbtodditd dtersas torevidéaeach havihgos
differently sized confocal aperture (e.g. slit) in optical communication with the
confocal microscope. In this embodiment, the photodetectors detect light
from observation volumes having different effective focal volumes.
20  Observation volumes simultaneously analyzed in the present invention may
be positioned so as to overlap, and in some embodiments are concentrically
disposed. Simultaneous analysis of fluorescence temporal profiles for
observation volumes corresponding to different effective focal volumes aids in
more accurately resolving the size distribution of particles in the sample
25  because the size of the particle will change the transit time through the
confocal slit. Different confocal apertures can be used to determine the size
and/or brightness of the particle more accurately. Furthermore, the position of
the particle along the direction of the optical axis can be determined using
multichannel systems of this embodiment.

30 [027] The present invention also includes methods and devices employing
statistical analysis methods in addition to, or other than, pattern recognition
analysis techniques. In one embodiment, for example, the present invention
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intracellular proteins or peptides. Excitation by light fromone or nore
optical sources causes particles |abeled with one or nore probes to
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ef fecti vna\f@gaﬂncreﬂuy@pécedlbﬁgﬁfﬁ@tssmagmiu'd%gs Aaﬂe%%ﬁ\%ﬂﬁ@h'é bYesiit! yzed in the

present | nventi on my be p03|t|0ned so as to overl ap, and 1 n sone
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conf ocal ¢ émmﬁset dampeeal gsierareelatianehinediuareseange fluctuations,
which provides a measurement of the temporal duration of fluorescence

fluctuations as a function of time. This analysis provides information related

20  to the number of molecules in the observation volume, and processes and
parameters that determine fluctuations in the observed fluorescence, such as
the diffusion constants and diffusion rates of detected particles.

[028] In another aspect, optical analysis devices and methods of the
present invention are capable of closed loop feedback control on the basis of

25  control signals derived from the fluorescence intensity profiles of particles
passing through the observation voiume. This aspect of the invention
provides optical analysis methods devices wherein selected particles in a fluid
sample can be detected and characterized multiple times. In embodiments of
this aspect of the present invention, sample containing particles is transported

30  through the observation volume by transiation of the container holding the
sample along a selected container trajectory. Fluorescence from particles in |
the observation region is collected thereby generating a temporal profile,

which is analyzed in real time by a processor. The processor has a pattern
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and/ or brightness of the particle nore accurately. Furthernore, the
position of the particle along the direction of the optical axis can be

det er m nestouséang41%al ti channel systenms of this enbodi menCT[iB200k/004886 pr esent
i nvention al so includes nethods and devi ces enpl oying statistical analysis
met hods in addition to, or other than, pattern recognition analysis
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nb ticl th b t | th ticl
by + gh ncLaSCiey BrpRBels fahapo ot eS BBl R bE i hadtserdicBhot ons per
sanpl i norelgidiea PRAIraRB dfitkhes duﬁ'hg'iﬁ%bifﬂm@scéﬁmh gl M &@nie, ﬂH@Ot on

counting histogram anal ysis to distinguish ? ferent fluorescing species

pr esent Physical @mshemicalchetadtenaiics iffa @et@atadyp@bdeedayo indigatedlsat magni t udes.

i ciSher el oplio defRET e B Ao BT P Oa Y BT a0q Lor escence.
cor r el attherefars|thisipsocdsgor gehenaténcentesiigials iritistineses aiseRfigepr r el ation
anal ysis algorithm of the present invention determ nes the tenporal

aut ocor r éMiiNeh tgjeqtery qapableceideansporiing theapadale, ofmhewtﬁhwgaetﬁea
f f t
fanct] orobyerfatd iohfe: Hiefobf lidih he o MR EMhal pHEIIE" | O3 2% 5 e

of nol ecdétestiomevemtsobser vati on vol ume, and processes and paraneters that
determ ne fluctuations in the observed fl uorescence, such as the diffusion
ffusion rat of dete 028] I n another

aopert . BERcal e s 1 FelRe Als R BB Bl R tigh OSBRI  on are
capabl e §fstéin8RpabRoss ﬁ@@ﬂh@lﬁt@ﬁié@hegguﬁéﬁﬁerhé%'f she@toncentrations
of particles introduced fo a fluid sample undergoing optical analysis. In this
aspect of the present invention, the container holding the sample is
operationally connected to a means of introducing particles into the sample.
20 Inone embodiment, for example, a tube is provided to the container for
bubbling gas through the sample or introducing fluids, continuously or drop
wise, prior to and/or during optical analysis. A fluid introduction system may
be connected to the container capable of providing drops of liquid containing
particles to the sample. In these embodiments, particles are systematically
25 provided to the container, continuously or at discrete times. The optical
analysis device of the present invention periodically or continuously probes
the sample, thereby providing characterization of particles in a sample as a
function of time. In one embodiment, for example, an integrated particle
measurement system of the present invention provides measurements of the
30  concentration, size distribution, composition, brightness or any combination of
these characteristics of particles that accumulate in the fluid sample. This

aspect of the invention is particularly useful for detecting pathogens and/or
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control signals derived fromthe fluorescence intensity profiles of
particles passing through the observation volune. This aspect of the

I nvent i orwprosd/mes3opt i cal anal ysi s met hods devi ces whePeTruSs@icacioee
particles in a fluid sanple can be detected and characterized nultiple
times. In enbodiments of this aspect of the present invention, sanple

cont ai niGgtatRingNty Bendronmendaloyaraies nFURiy®s fORM @Ys¥rigavateh vol une by
transl até'a%@%_ t he container holding the sanple along a sel ected contai ner
trajectory uorescence fromparticles in the observation region is

coll ected thereby generating a tenporal profile, which is analyzed in real
ti me by [83Q) ocldesmethatiscandt dedises of tiwsprespat ingentiet agmbidadly al gorit hm f or
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t he obseatetedminimgrtbgicomcanirhtiombf partickestdapadledof umdergoimgnpl € scanni ng
period. For _exa.rrgl e, thgfﬁh%IBHaI, or chem cal:' characteristics of a detected
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control signals initrating a noditiedcontalner trajectory capabl e of

t r anspora confocalenicaosdopleds ebliectedr datectddrandybnalyzed bathouttheamead| une,

t hereby,, providi ng _one. or.nore additipn article.detection events. [029]
The. pr wdeh Pl BRI 16 ik tahp R dghBfisreRas if FleiasaBtr enent syst ems
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particles introduced to a fluid sanple undergoing optical analysis. In this

aspect dnultipoigncahserplieny pracesses.t AB aslyantagespronisledi hguseef sanple is

samre. TRBHeCEBERRAEnIT R FEERT et BEE PR BB cont ai ner
f or bubkdchegmesass that fdugrescbacs fom eergrsmall oloskroation Ubluhtks haveng i nuously or
drop excitation light intensities large enough to generate appreciable muitiphoton

absorption can be collected, detected and analyzed.

[031] The present methods and devices are useful for characterizing

20 samples comprising a wide variety of materials including, but not limited to,
liquids, colloids, dispersions suspensions, emulsions, sols and mixtures. The
present methods and devices are useful for detecting naturally fluorescing
and fluorescently labeled components in high transparent media, partially
transparent media and in highly scattering media. The present invention

25  provides nondestructive optical analysis methods particularly well suited for
the analysis of biological samples, such as baodily fluids, tissue suspensions,
food and beverages, fluids generated from expression systems, such as
recombinant expression systems, and samples derived from these. The
present methods are capable of detecting and classifying biological materials

30 atlow concentrations including, but not limited to, prokaryotic cells, eukaryotic
cells, bacteria, virus, biological molecules such as proteins, peptides,
oligonucelotides, DNA, mRNA, lipids, and all aggregates and complexes

20



W se, prior to and/or during optical analysis. A fluid introduction system
may be connected to the container capable of providing drops of liquid

cont ai ni nyopasdiseiseas to the sanple. In these enbodi ment CTABRGNODES6 ar e
systenatically provi ded to the container continuously or at discrete
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nmet hods %e useful for identifying, classifying and/or determ ning the
concent r'8§n of particles capable of undergoi ng chenil uni nescence and/ or
bi ol um nescence. I n these aspects of the present invention, em ssion from
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exci t at |wly4!wpaft@lqsﬁle & afiée compdsiegdeastensioft tipppvidieatheret hods may be
ted orption

br ocesscamil WG AARE R BY 4 e BEERG st b RARREL TGN T the

present drmdung%xcﬁatdﬂn @ttmﬂo mHi‘@tsampﬁéstthér@b?/@@usm@%tﬂéastl§p(i)ﬂ‘m@h of

fl uoresc nce fromv ry smsﬁ observatjon vol unes_ havi ng excitation |ight
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fluorescence from the observation volume onto a photodetector; (iv) moving

the container thereby passing particles in the sample through the observation
volume; and (v) measuring the intensity of the fluorescence from the
observation volume as a function of time using the photodetector, thereby

20  generating a temporal profile of the fluorescence corresponding from the
observation volume. Optional methods of this aspect of the present inventibn
may further comprise the step of analyzing the temporal profile using a pattern
recognition algorithm.

[033] In another aspect, the present invention provides a method for

25  determining the concentration of particles in a sample containing the particles
comprising the steps of: (1) providing the sample containing particles in an at
least partially transparent container; (2) directing excitation light onto a
confocal microscope in optical communication with the sample containing
particles; (3) focusing the excitation light onto the sample using the confocal

30 microscope, thereby causing the particies to generate fluorescence; (4)
collecting the fluorescence from an observation volume in the sample using
the confocal microscope; (5) translating the container thereby passing
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sanples conprising a wide variety of materials including, but not limted
to, liquids, colloids, dispersions suspensions, emulsions, sols and

m xt ur es.woheogqusemsant met hods and devi ces are useful forPCuaSe@isionF96
naturally fluorescing and fluorescently | abel ed conponents in high
transparent nedi a, gartiallygbransparent media and in highly scattering

nedi a. ﬂ?@'?’?@ﬁbm‘e qm%'ﬁtthm r@@i%@r\fﬁﬁ%é@tﬂm.@i (&) dnegturing thenal ysi s
met hods iﬁ‘l%é\.%‘t@klt ﬁ'fel fgld’t‘@é.éerﬁé' fr&f the rob%@ﬁlaﬂeﬁlviﬁglrﬁe %fs Phcagh %?ltim%anpl es,
| ul ood an g ui ds

such as bo , tilssue suspensions, beverages,
gener at asirng ampheiguiedssioopositisnedtin oplicsh camm@tcativmwith tee goakwibn syst ens,

d I derived f th . Th . bl f
ot et | M CRREopPRLerel R GRTRa R Catral GPrie & 6 L0 SaSHEBAL r at | ons
i ncl gdi wre@\sbnamg fic%rﬁ&ﬁ@@Péé\:vFﬂbﬁ:Vérwhﬁ’é;iaﬁlwcgg) lahalyiHepthelehfodisl | S.

bacteria, virus, Dbiological nolecules suc protei ns, peptides,
ol i gonud¥piie usirg a prREermaeagnitios algorithml thereby dgiesainiag thed

Compos: LeBRehf o A 3 P PREATeg X' SRk ormlte RabBEREBIAE i ques

makes them suitable for a wide range of applications including, but not
limted to, characterizing cellular material and m croorgani smns,
i dentifying biological nolecules present in biological sanples, assaying

Rosayi ng of b of ogi RIS AR SSRIBTAN T 2R ORATBEEE " and Ther apeut ¢
apphipcatjogap. Mggle TALRMENSh sEHaMdtcaliagranPora Y& plaffvieRBtlgs. and

functional ‘assays for nonitoring protein expression rates. [032] In another
enbodi neticat aralysie semice) aflae presentinxention far mearodng &re anal yzi ng particl es

in a sanp| | S te s (g) . el the.sanple containin
par 1 of SorERNEAR Bt AkebS oS in & AisEsab R, JHbih LR BRI 8Tt Sct ng
exci t at iexpahdebisideviewtdtes satalner cohfrieng & ayirditaptuleatastand Aot i on of the
particles in the sanple to generate fluorescence; (iii) collecting

f I uor esdRdicatescaincderyetationg| and vertigabdisplacreesd ayes Usatu! in Be@E ng t he
fl “%eSQﬁQﬁ\%dfsroﬁmé E%S%H?ﬁ{v\éﬂ{ibﬁ.n vol ume onto a photodetector; (iv) noving

t he contalner thereby passing particles in the sanple through the
observati on
[035] Figure 2 provides a photograph of an optical analysis device of the

present invention comprising a scanning confocal microscope in combination
with processor having a pattern recognition algorithm.

[036] Figure 3 shows an exemplary fluorescence temporal profile of
20  particles moving through the observation volume generated using the optical

analyzer.

[037] Figure 4A shows a temporal profile (top plot) generated by the optical
analyzer and corresponding predetermined patterns (middle plot) matched to
features in the temporal profile. Also shown in Figure 4A are the chi square

25  values (bottom plot) associated with each pattern matched to the temporal
profile. Figure 4B provides an overlap plot showing a feature (curve A)
observed in a temporal profile and a predetermined pattern (curve B) fit to
match to the feature. Figure 4C shows the intensity-distribution for a single
pattern on an expanded scale and Figure 4D displays a size distribution

30 obtained for analysis of a heterogeneous sample.
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vol une; and (v) measuring the intensity of the fluorescence fromthe
observation volune as a function of tine using the photodetector, thereby
gener at i iyoaodcnspssal profile of the fluorescence corregpons2ongodbs6oen t he
observation volunme. Optional nethods of this aspect of the present
invention may further conprise the step of analyzing the tenporal profile
usi ng al®¥lt eFigurecopiavidesre sschpipatindiagranf a mullishenae! %ttsg&pt, the present

i nventi i determ ning the concentration of particles
SBEB bR et i

in a sanp e particles conprising the steps of: ( 1)

provi ding the sanple containing particles in an at |east partially

t ranspaf@38] céigurereprovidds alfunetionalgflex diggraimdhudtrajimg siep® imanonf ocal

m croscoge in optical co ni cation WI¥ t he sa‘n.gl e containing particles;
(3) foc&GSPRPIATYOALEEN FRGHIN YHPTEW 8 {il?epr?éﬁﬁ BVEeiAY the confocal

m croscope, thereby causing the particles to generate fluorescence; (4)

col | ect [oMD]t hFiduraor SBGRHEA dxeRiplary PHASH CatreANhsRIgiam g%éhérﬁ%oswfp' e using
t he confocal mcroscope; (5) translating the container thereby

passi ngfe gevices and methodsghithe prasentinvention et samplncoirimrg ( 6)

measur i [ .ty of the fluorescence fromthe observation volune as
a funct ?I%#éﬁ:eb?%@ﬁ%ﬂse%hg a phot odetector positioned in optical

comuni cation with the confocal m croscope, thereby generating a tenporal
profi | e [41]t h&igured sksows aglotofriietgh codnisg peaksrirn the folmwessartdgeon vol une; and

{er aby (EPRHAHPHIE) Fhe (LBFT eI RATIR SRGeTSuots Senganal oY ties i b the
sanmphe eoBeshd SRR ofthe brésent BRI dHoRESCRISBH iR cEhtaliig DRAW NGS [ 034]

Figure 1A provides a schematic diagramof a top plan view of an opti cal
anal ysi $ludesdcest sphenes. present i nvention for neasuring the concentration of
fluorescent particles in a fluid sanple. Figure 1B shows an expanded si de

vi ew of ntal ner IS i i indi cat es
Coi nci déﬁ%ﬂr) ot@é@%n%%ﬂéqﬁ% AT A%wcf? @%{’Q%@h&ﬁw%&é@%@%&a@ é me et hods
of the pihepesdent methbdefor 4 Mllklsampe confaimingsbaesdicaalibot ogr aph of an
optical analysis device of the

[043] Figure 10 shows a plot of total counts (peaks in the fluorescence
15 temporal profile about the threshold) as a function of somatic cell
concentrations generated using the present methods and devices.

[044] Figure 11 shows the result of a concentration-dilution study using the
present optical analysis device employing pattern recognition data analysis.

[045] Figure 12 shows the calibration generated from fluorescence temporal
20 profiles corresponding to the significantly dimmer fluorescence of the bacteria.

[046] Figure 13 provides an amplitude histogram (i.e. intensity distribution),
which demonstrates the ability of the present methods to classify particles
based on their intensity distribution.

[047] Figures 14A and 14B show fluorescence temporal profiles for control
25 and AD samples, respectively. Figure 14C shows a quasi 3-D image
generated from a 3-D scan, and indicates number of large fluorescent

oligomers (elongated white spots).
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present invention conprising a scanning confocal m croscope in conbination
Wi th processor having a pattern recognition algorithm [036] Figure 3 shows
an exenplwoyoddoserseascence tenporal profile of particl espPoouise@etmeoagh the
observation volune generated using the optical analyzer. [037] Figure 4A

shows a tenporal profile (top plot) generated by the optical analyzer and
correspd@dBhg P12 PiPYides paoreiation Mplel 20gEete srncenda@tion andat ures i n

t he te”pé?%%‘t%r%efcbhﬁo{ %ﬁwegmhieq%ﬁisgm -4A are the chi square val ues

(bottom p assocl a th each pattern natched to the tenporal profile.
Figure 4B provides an overlap plot showing a feature (curve A) observed in
a tenporal profile and a predeterm ned pattern (curve B) fit to match to
the feature. Figure 4C shows the intensity-distribution for a single

attern n scC j: ' ' ' i bution
gbt ai ne fa gf alﬁgﬁf/és:é‘ldgéjéf gé[ﬁg? E%gg%@ﬁg@aﬁ%%%%%%uﬁg'élﬁrcgh?%# ovi des a
scherfat i apatturgriratheopresembinvieatiam el dedetmioilg pavditlezersitidng ihehpr esent

clepe | Blsgrastnyliies friofied 145 Bt teEsenanasia dembbempra s oy o
i nventi ofe drO@dét ilgﬂ'/egr_\’tfcﬁn Jsiﬁé(;%‘r’gn%g-dsgf(@@ﬂﬁb@ély @Tﬁ}rg%n‘a‘ﬁfigﬁfgs fégt ogram

a
generated by the devices an t of the present Invéntion for a sanple
cont ai niang 1L slepicambegimeants of theqrpseitjaventprsieing sedyslsiit of total counts

(peaks i fl cence tenporal profile) as a function of particle
concent r(g&nff%(g% a&éﬁ@f%t ed by the devices and nmethods of the present

i nvention for a sanple containing fluorescent spheres. [042] Figure 9 shows
an elenpl ary phot oDETAIED DESCRIPHON OFTHEMIVENTIGNpr esent et hods for

amlk s e containing somatic cells. [043] Figure 10 shows a plot of
t ot al ccf@gBL ( %&l@ng#?f}%gf@wm% 5%%@%"@%813&??%“@ eleaneisandt he _
thr eshol iy Bindnlitthet 2BBedfing RITHoHE tHifl oné BRARRBIr-S15 tRPRGha! ed using the
present methods and devi ces.

element. In addition, hereinafter, the following definitions apply:

[051] “Fluid” and “Fluid sample” are used synonymously and refer to any

15 material which is capable of conforming to the shape of a container in which it
is held. Fluids useable with methods of the present invention include, but are
not limited to, liquids, and mixtures of more than one liquid, colloids such as
foams, emulsions, sols, dispersion of particles, suspensions of particles and
any combination of these. Fluids in the present description includes biological

20 fluids such as urine, blood, spinal fluid, cellular and noncellular blood
components including plasma, platelet-containing samples, red blood cell-
containing samples, white blood cell-containing samples, tissue extracts and
tissue suspensions, food stuffs, fermentation media generated from
recombination methods, materials produced by recombinant techniques

25  including therapeutic and diagnostic materials, materials produced from
transgenic animals and plants including therapeutic and diagnostic materials,
milk and milk products, water, beverages, chemical and pharmaceutical

products, and vaccines.

[052] “Particles” refer to soluble and insoluble materials present in a
30 sample. Particles in the present description includes, but is not limited to,

molecules, ions, polymers, biological molecules, cells such as eukaryotic and
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[044] Figure 11 shows the result of a concentration-dilution study using
the present optical analysis device enploying pattern recognition data

anal ysi s.wpQddsjoskFisgure 12 shows t he calibrati on gener at @dTiuseoncih4606 escence
tenporal profiles corresponding to the significantly dimrer fluorescence of

the bacterja. [046] Figure 13 provjdes an anplitude histogram (i.e.

i nt ensi tRfO 'E-‘{PL? Bﬁésf’&?%)p%ﬁréﬁogﬁ%ﬂ'?r&?&a 'ﬁ@séb‘icf‘iqsyb%ﬁqe'ﬂ%@nﬁresent

met hods \} ' NGhe n idvel ' oSt Ll [ on. [047]
i aur es LR R B o Bl B g oS ST 1 aha AD
sanpl es, ‘Bialegieah motdcylesFirgiers ta roladutessthat greapiodsicBdibyeaye oggamasrat ed from a

3-D scan, .and_indicates,.nunber of |arge.fluorescent., ol,igoners (el ongated
white sprta_sr? ."[“82@?“%%%!‘\@“9@"%?%% "&%ﬁ?t&@ﬁﬂﬁt@& 8y pgﬁﬁe'gﬁgr egat e
concegnt gy ti@@s,a;s%)tmezmmwnésbﬂpra_@nbm moRiENES FNA hdlechiessanpl es. [ 049]
Figures 16A - 16D schematically illustrate use of a multi-slit confocal

aper t ur oligenueleolides aarbohydsateso polysaceharridesi alyagpisieinsclipopsetsing, ons in t he

observaty Bk . S i pi odi nents of the
pr esent %‘%&%?b@%ﬂ‘é&h‘é&%@ﬂ%g é-gggrieg}ggégn"%ﬁ% ggee)%t%uéfcethgﬁ%bﬁ gures 16C and
16D depiintiudimgddbetedtanatdgs dafethpa?&?&hégildneemNVE rilnore ﬂgd%u(;e]gcgnfd@adbeﬂs.l it coEf ocal
aperture,_ DETAI LED PTI eferring to the

dr awi ngs ,F“I“?r@éc‘?f‘ﬁrﬁ?regagg E%‘?%Pé)aﬂ@%s gﬁ%@%@?&l&%&rth Rugreserifaser

appeari | : | i : ] : addi tion,
A s s e e
sanpl e" anteparticldsshabarerfumeycanily byefigdue ob theiyassacaticn (colralent bs capabl e of

conform ng to the shape of a cantainer in which it is held. Fluids useable
¢ ot e VelenDEE s SR B Pp e EtiS Ayprossaetibaibt  cd 1o
|'i qui ds, pficled) sthinetipiciBB! RudrBateftiyaabhed berticted, |piddsarkielel as foans,
emul sions, sols, dispersion of particles, suspensions of particles and any
conbi natassacigied wilban intercalatonpridye. frieemscenraitiviesiroay becl udes bi ol ogi cal

fl Uil%s Séé%%c%?e&%tﬂea sin%%orﬁBhS‘%r aﬁ H('Jirglty %‘?'ﬂb&lo%rho?sp.dFﬂj%?&gcleln‘t” ar bl ood

particles may be selectively labeled or tagged with fluorophors that selectively

associated with a specific type of particle or specific elements of such
particles, such as proteins and/or oligonucleotides.

[053] “Fluorescence temporal profile” refers to the distribution of

20  fluorescence intensity as a function of time. “Features” in a fluorescence
temporal profile refers portions of a temporal profile characterized by changes
in intensity as function of time, preferably for some applications statistically
significant changes in intensity as function of time. Features of a fluorescence
temporal profile may result from the presence of and/or passage of one or

25  more particles through the observation volume of the present devices and
methods.

[054] “Optical communication” and “optically coupled” are used
synonymously in the present description and refer to a configuration of two or
more device elements wherein light is capable of propagating from one

30 element to another element. Device elements can be optically coupled
directly or indirectly using a variety of device components including, but not
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conponents including plasm, platelet-containing sanples, red bl ood

cell contai ning sanples, white bl ood cell-containing sanples, tissue

ext ract s woaoda/083288 suspensi ons, food stuffs, fermnentatipamusedicaogener at ed
fromreconbi nati on net hods, materials produced by reconbi nant techni ques

I ncl udi ng therapeutic and diagngstic materials, materials produced from
t r ansgeninditeghiomijaye gitides. ikes Opfie elamenys ielpainssitfilieramiismadarness. c

mat eri al Han ' : , chem cal and
phar mac taPc %%@%ﬁ&%bﬁﬁé vﬁ@?ﬁ%@@{c&%ﬁwﬁ garﬁ?’cl es" refer to soluble

and insoluble materials present in a sanple. Particles in the present
descri pt[068] i nhattsms “iensity” mod “intensities treferantd dvubeplitida(s) ofpol yner s,

bi ol ogi cgl I I . Gel h k | c. and ' I'l's,
comonertectil EBad B B Gt PCRIMEN A SGARTISAE Vi 1 ises, pat nogens

and gl | fluppesueiea! SThectefk ertsnafyd apa JinesIiRss” Phay BRSDativElyFbRFIt6 2l
nol ecul es” refers to nol ecul es that are produced an oggaanl smor are

i npor t artbe@dplitydeishel dhesignahgeneratediby g phsiedetsetor iupon te@tl,iormfot ei ns,
ol e . ke _ 1
b1 T gonud oLt e&émpel HBRTTpI 8T B P Eht e oy SRIRBAY 8

| i popr otgHotsmuttipiier tuband derivatives, variants, aggregates and conpl exes of
t hese, including | abel ed anal ogs of these having one or nore fluorescence

| abel . " t i cl es” f e b f ti
{1 or es JBREE. Vit e, latpiaseticdeaition 47 okt gities | nir nsical Ly
fl uqoescsfgmbnpﬁ{ohsﬁfliﬁ%h@p%m Tabﬁli@&idnrblfﬂd RSTEr Edws&@s%ﬁabbmcbé/qqﬂ rtue of

their association’(covalent or noncovalent) with one or nore flourophors
i ncl udi Myagnetin kelden Elgctionnrgnadicpadiationasefd fart exaitingfltorssesnt f 1 uor escent |y

t agged rt.1,Gl and .parti lated with an intercal ator or dye.

Fl uores 'J’%a?'ﬁ*hﬁ @%"ﬁ%ﬁhggﬁ%ﬁgggii&edb%*ﬁ% %‘VSFﬁ%ﬁ‘ g‘cﬁllcfﬁﬁ ophor or a

pl ural i tyitrafiofet lll?ht(,)nhﬂﬂé light, weae srifeitbd PRk irifrirés oaycdmbinatiesof vel y | abel ed
or tagged with fluorophors that selectively associated with a specific type

of partitBP8€or specific el enents of such particles, such as proteins and/or
ol i gonucl eoti des. [053] "Fluorescence tenporal profile"” refers to the

di styi byps@ Opartially transparent” refers to the property of a material, device or
device component capable of transmitting at least a portion of electromagnetic
radiation incident upon it.

[058] “Translation” refers to displacement of a device or device component,
such as movement of an at least partially transparent container for hold a

20 sample undergoing analysis. Translation may comprise any type of motion
including, but not limited to, vertical displacement, horizontal displacement,
circular orbital motion, elliptical orbital motion, parabolic motion, linear motion
and any combination of these. Translation may provide cyclical motion or
noncylical motion.

25 [059] “Predetermined pattern” refers to the functional form of a distribution
of intensities as a function of time that is matched or fit to features in a
temporal profile. Predetermined patterns used for matching features may be
derived by ab initio methods, such as using an appropriately scaled or
normalized Gaussian or Lorentizian function, or may be derived empirically,

30 for example, by measuring intensity distributions corresponding to passage of

particles having known size, shape and brightness through the observation
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fluorescence intensity as a function of tinme. "Features" in a fluorescence
tenporal profile refers portions of a tenporal profile characterized by
changes iwoi2ndcz08sis8y as function of tinme, preferably forcyaseooappisbeat i ons
statisticall y si gnificant changes in intensity as function of tine.

Features\ég uorescence tenr’poral rofile may result fromthe presence of
and/ or ‘é'%?&e Jedstininedaatierns may: pe scalads fgimalizedpsadivatedda vol ume of

the pre FmE@‘él @%ﬁcﬁ"Bﬁh egé?é’t'erm[ m);lat @Hﬁg%ﬁ#ﬁaﬁﬁwa‘ é&é&nc%“d

"optically cou are u synony resent description and
refer tctempzcmal‘ pngxﬁreatThmfwfctlbml formraf peedistermmeel mattonhs usbied & thel i ght i's

capabl e of a one el ement, t o anot her el e nt. Device el enents
caﬁ be o%??gﬁf'ﬁygE@%ag § Q2 81Hngher; of gxpesm q%’st?eﬂ'@”!? $Sriety of device

conpanendarhdieritfigtie dptican@dtbitior 84d bHaré@é’ﬁzﬂlBg%?terﬁ'lrﬁ dlﬁ thG el ements,

reflectors, filters, prisnms, |enses, gratin |na ion of these
devi ce crmtﬂ@mimt@ tm@amnmraet Qféherext:itancuhamd getention’ nmce,nand thes" refers to

t he anpl tr t Leld.,v or ,of ht, such as
exci £ a1 W7 B Sherfingidstborb T THES) B CPAEERLTT JR ki thnei ¢ o5
may al t eflunetiorvaifyrm of predstertrﬂﬂﬂe@ppttetnsi@éam |ﬂfthéfp¢e§erﬂn&\}ermen%ayed by a
phot odet ect or upon detection of |ight, for exanple the anplitude(s) of

current 3Jep sererd W@@ﬁ@f'%ﬁ%@é’ﬂﬁ'dﬁﬁwmqm@F’EE@Ct'POt%Id/(P'OSG] The terms
! ol T aRanelliatiah! ch Uk 18 e bf SBbridk FellfREIAANIRURIA Nt he

pr esent app I catron a refer to wav ric an magnetic fields.

El ect rormgn’es;preadadnettommf the ebnfocab mieroscoperghélshape of enpartieletared es in the
devi ce hods off resent invention includes ultraviolet |ight,

vi si bl e 'P\%Soﬁo HPR g'r“%d far infrared or a combination of these. [057]
"PartiaIIy transparent refers to the property of a material, device or
devi ce conponent capable of transmtting at |east a portion of

el ect rogﬁ%gnet ic radiation incident upon it. [058] "Translation" refers to
di spl acdi@BRl oin thedellawiag stesgantians newmroHe specific details of the devices,

15 device components and methods of the present invention are set forth in
order to provide a thorough explanation of the precise nature of the invention.
It will be apparent, however, to those of skill in the art that the invention can
be practiced without these specific details.

[061] This invention provides methods and devices for detecting,

20 identifying, classifying and characterizing particles in a fluid sample.
Particularly, the present invention provides scanning confocal microscopy
devices using pattern recognitions data analysis techniques for measuring the
concentrations of fluorescent particles present in very low concentrations and
for characterizing fluorescent particles on the basis of size, shape, diffusion

25 constant and/or composition.

[062] Figure 1A provides a schematic diagram of a top plan view of an
optical analysis device of the present invention for measuring the
concentration of fluorescent particles in a fluid sample. The optical analysis
device 100 comprises an optical source 110, a confocal microscope 120, and
30 an atleast partially transparent container 130, such as an optical cuvette, for
holding the fluid sample 135 containing particles, a means for moving the
container 140, a photodetector 150 and a processor having a pattern
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such as novenent of an at |east partially transparent container for hold a

sanpl e undergoi ng anal ysis. Translation nmay conprise any type of notion

i ncl udi ngwolwae/mseis3l i mted to, vertical displacenent, hecrasreslo04696

di spl acenent, circular orbital notion, elliptical orbital notion, parabolic
notion, linear notion and any conbi nation of these. Transl ation may provi de
cycl i caresastitian algoritineyi60e 4n the embrdimenisshovim ukigerent Aegopiacelr n” refers

to the fwe&%bggggﬁggfdoﬁ,&ﬁs&% efga ifiafdh gkt § é“%eé‘glﬁqo?é g,tfgb{m“o“ of

time that eaturesmat
Pr edet edighneid rpﬂectter 180 ufirstiobjectivealeni19g, Eeadnd ebjemHye lt&nwlmﬂ sad by ab

initio nmet sin n_appro r'a_el scaled or normaljzed
Gaussi aﬁOBFO g?%‘?#‘f"ﬁ gfp ?%ﬂd?r@w'e BFSlﬁgbei' Wy apticalanalysisdeyicer or
exanp! &4 0b¥mAP AFHdrbrHRNistioH fcizagt b?&?at%rﬁlfé?%ﬁdﬁﬁglogo—td?asSage of
particles having known size, shape and bri ghtness throug

observatdiglmobuvm’termﬁhéh&niw 230 apdideviaesconifoliee 240al ed, normal i zed or
adjusted to optimze a match of the predeterm ned pattern to a feature in a

pat t er nd0tdor SToTtA EpuRs L Gond s AR ER B Bt S Bk Pakeber “of
exper i megrakepridaAnptietted (haB60} whichi |§g>r<b\h@e@m coAfocaPinitbs iheANZ0.
characterization systemincludin but not limted to, the alignnent of the

exci t at iFoEitakeN tightcoptionally pessas thiewoh sellimetion element1 Zhdhei@by posi ti oned
n Ebon efbrd Jfﬁg {Hﬂ%g% és’éc?t% ion Hlﬁhﬁggf fs! zﬂfbctéc.}i‘%n dJ{f%Hd?@mlrrBP’i% of

pre ete m ne terns u present 1nvention may al so depend on
char act értﬂ%st@spantlopwfﬁh\e:belﬂmltmtéegmiamgndlghépasms tomoigh tl'cdlfa'sact eri zation,

h h of I ti f th i nt d
Funct | oftiretpiennteBoichierdedng et dhlioll AT tlRE Amera g th”

bri ght ngsg @Eué’ed)ékélteﬂidh ligh® &0t 1b8st fratidIg) ﬂr@ﬁ%rﬂﬂte‘életﬁ%ddﬂﬂh@ﬂmalﬂblﬂer ous
specific details of the devices, device conponents and et hods of the

present contaimer 30 and iss facused into iansroall ebseryation votlene 27 A gosiiighedxpl anat i on

Chode. o fife PMHRET S5 ERFiieTl Ao arbultet in M SRR Pluws Thout L hese

speci fi (fludfés’ﬁehs particles, which generate fluorescence. A portion of the

fluorescence from the observation volume 270 (schematically represented by
dashed line 310) is collected by the confocal microscope 120 and provided to
photodetector 150, which measures the intensity of fluorescence 310 as a

20  function of time. Although fluorescence 310 typically propagates along a
propagation axis coincident with the propagation axis of excitation light 300, it
is depicted in Figure 1A (and also in Figure 5) as slightly displaced from
excitation light 300 so as to provide a means of distinguishing excitation light
from fluorescence for the sake of describing these Figures. In the

25 embodiment illustrated in Figure 1A, fluorescence 310 from observation
volume 270 is reflected by dichroic reflector 180, passes through second
objective lens 200 and confocal aperture 210, and is imaged on the sensing
surface (e.g. photocathode or photodiode) of photodetector 150. Use of
confocal aperture 210 prevents fluorescence light not originating from the

30 focal plane of the first objective lens from reaching the sensing surface of
photodetector 150. The present invention includes embodiments not having a
collimation element 170, particularly when optical source 110 comprises a
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[061] This invention provides nmethods and devices for detecting,

I dentifying, classifying and characterizing particles in a fluid sanple.
Parti cul awbypodidse2spr esent i nvention provides scanni ng ceoTasadocmwmpescopy
devi ces using pattern recognitions data anal ysis techni ques for measuring

the concentrations of fluorescent particles present in ve_rg | ow
concent ra3greieviding beam o gxaitatian light ghat)is spadaliyeoliyaptecwitRowithehe basis of

si ze, shapg ~iHifh&iSédimspsst ant and/ or conposition. [062] Figure 1A
provi des a schemaiic diagramof a top plan view of an optical analysis

device of the present invention for neasuring the concentration of
f1 uor esd864] pdiuring eptidah analysis, thesasfoemoving iyetdardbinenA# shevasevi ce 100

conprises_an optifal source 110, .a confocal microscope 120, and an at |east
par el ai i adlAf Aench e Betet raiSaBRE o ey RaT GRr s B tlner t e, f o

hol dsng doheaihingighrice® tifroligh the®BbatNalien RBILME 270, FefRap§ bPsoMBVI Ng the
contai ner 140, a photodetector 150 and a processor having a

pat t er nreRpYeaiianse Radiclrs atentianspriadintang eutsd dherohsesmtan Volunm gur e 1A,

Ity TR ieRer dn M pEER R AEnBs ek i EIde, ( EMs tfoufybng © °
obj ect i \the kentiiOl 4sintitaheoasiy apeitddicentdiver 180Gbduit @ ro@dtivnal agbi t) .

Optional |y, 'r&%i cal anal ysis device 100 may, further conprise em ssion
filter PEssingdarqugh @ﬁ qentereef the LontaingrRNd indefsgriing theobrppagaiion20, di spl ay
230 4g@nd j : ; Lcal at

exci'Pat 10 P raLh Aaheand dhicaly o pldkieh it IR P50 S 28 B on 1 s
provi decexanpie ahcodd suhsiantaltypsarall€l.to Bx cotreident Withgtine apis pbrodation passes

t hrough col | | nat i ement ..170, thereby generating collinmated excitation

[ gnt -t contalten T4h. RS R HAN o phRERTAR8S peemAtoR DA UHSEREEAY on of ¢ he
col I'i mataehvp 860 toidli tAB Viekiit) diiptscndrtia?eahtdingr 130 &ts&#an%rdaw I ens 190,

whi ch focuses the excitation lI'ight on to the sanple 135. The Tocused

exci t at iibustiateghby jasront 36@ 48eephigurealBy transmitted through the wall of
container 130 and is focused into a small observation volunme 270 positioned

150 I08BF ST A8 snBiS LAl 100, AR, g bt £ e e
a cylindrical cuvette. Figure 1B also indicates observation volume 270 in
sample 135. Also shown in Figure 1B is rotational - vertical displacement axis
385 and propagation axis 384 of the excitation light. As schematically
illustrated by arrows 350 and 360 container 130 is simultaneously rotated

20  about rotational - vertical displacement axis 385 and vertically displaced along
rotational - vertical displacement axis 385. This combination of rotation and
vertical translation of container 130 transports sample containing particles
through observation volume 270 and systematically varies the position of
particles in the observation volume 270 relative to propagation axis 384 of the

25  excitation light. In embodiments useful for optimizing the signal — to — noise
ratios corresponding to measured fluorescence intensities, the rate of rotation
and/or vertical displacement is selectively adjustable. The present invention
includes embodiments wherein container 130 is moved in a manner other
than the combination of rotation and vertical displacement, including

30 translation providing horizontal displacement in combination with rotation,

vertical displacement or both rotation and vertical displacement.
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fl uorescence fromthe observation volume 270 (schematically represented by
dashed line 310) is collected by the confocal mcroscope 120 and provi ded
t o phot odwDeotsns42830, whi ch nmeasures the intensity of flroorss@encsI8l0 as a
function of time. Al though fluorescence 310 typically propagates along a

propagation axis coincident with the propagation axis of excitation |ight
300, it [Pe6LepPrticngllyrexcitgtion light 3¢Hhis Rassedi thraughuexcitgfiondilter 24t | v

i SP! ac BB FopEbt Gl SBbrORRT: LS Yt fEperiliags, o

di sti ngui'shi'ng exci | On uore cence ake of

descri blwug/eﬂémﬁbs Bf lghtenpable ofhexdtiitppaniels in theisamplednd is Eagable 1A,
fluoresc from obseryation volu 270 is ref]ected by dichroic
Fef Lect OF SuBaniabeSvRNGYANS Resen SEY?@&?'W% theeatdiohbeorrEpstingcal

t hod
aper § ur go 40 luadcbiicd I EnaRILE BRBRRSCRGISHE AifdieSCelt palighgeat hode or

phot odi ode) o photodetec apert prevents
fluores @mﬂmallygﬂtmraamerma @m@tpaa}eﬁrtbmugmeemtsswn f]ﬂtea{rﬁﬂoposuﬂrmwe‘d r st
objectlve

or ecent 1 A9Bh 0T RCPHERERRLTER bAE G o P hag ARy R BUR PR O el cnent |

170, panightbb@éspo Wt@%@'f%re%ﬂc@%m%@wp% opk@s&an#aIRvi di ng beam
of eXC|tat|on lig Is spatially collinmated wi thout the need of

further m@wntmwwmlp@l@n]ofmwa*@wgibﬁ p&bghmr%sgpadln@é@ﬁbefor novi ng t he
cong g ”%[ &éﬁ’o%‘é@éleﬁgﬂ{s A felordt 'p% %%ﬁ?q] Foﬁw%'il t her eby
al I‘OU

t ranspor 'é~c ni-ng par erva ion vol ume

2f70 hPr ejti)@tratd mﬂéoﬂorsiems aapdableaifwm&ler@mwschaﬁnaum tfoa@mmPlbetwl in agd out
o} teosrvat|onvou one.at a.tinme._ In e e illustrated in
Fi gure pAefe erenbRllyfiEmnsHY mﬁgeﬁcH@ﬂ%Hgfaﬁ%aaw%fﬁréﬁ&aﬂ oy ot at es
contain a ' r of the
cont ai o 0@%9?’%?31&&@%%"%ﬁ?@?%ﬁ@é“ﬁ?@?fgﬁ'id%aobﬁ“%x’%ﬁ%?g? TRot 4l and

ver ti caldngisdiogdiliec 242 cdichrin eefletor H8bogamncambiativorofdrespbptical axi s

b | | i dept. with the axi ' f
contai naon e Bnhghons R ol ey Siiealifadiedsd P T ust r at ea
by ar r owibRespeet to@etestin dg  GRéasliriiy] eRIBRpRENRALIGPBE éhd‘@haﬂﬁﬂwg s

schematical ly i I | ustrated by arrow 360 (See, Figure 1B)
particles.

[067] The intensity of fluorescence 310 is detected by photodetector 150 as
a function of time, thereby generating a temporal profile of fluorescence from

20  observation volume 270. In the embodiment illustrated in Figure 1, output
signals corresponding to the photocurrent of photodetector 150 is transformed
from an analog signal to a digital signal by analog —to-digital converter 220,
and output signals are directed to processor 160, such as a microcomputer,
having a pattern recognition algorithm. The arrows shown in Figure 1 indicate

25 communication of output signals originating from photodetector 150.
Operation of the pattern recognition algorithm, matches predetermined
patterns to features in the temporal profile, and counts the number of matches
during a given sample scanning time. Predetermined patterns used for
matching features may be derived by ab initio methods, such as using an

30 appropriately scaled or normalized Gaussian or Lorentizian function, or may
be derived empirically, for example, by measuring intensity distributions
corresponding to passage of particles having known size, shape and
brightness through the observation volume. As the features matched to
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[ 065] Figure 1B shows an expanded side view of container 130 conprising a
cylindrical cuvette. Figure 1B al so indicates observation volune 270 in
sanpl e 1350 20éc34mBown in Figure 1B is rotational - vertrcrals:acopicaeenent
axis 385 and propagation axis 384 of the excitation light. As schematically
illustrated by arrows 350 and 360 container 130 is sinultaneously rotated
about r dre@eternined patiarns aprraspYhiccpaticlesdeleded inthe semples® |y di spl aced

al ong r%%én%ﬂ@men’t oYfHet (i;(ﬁfvelng%aﬁ&"l %??g}gc@ﬁ?é’“ééﬁ bé%%gag@dswﬁf?”bi nation of

rotation vertical trans Ion o nt al ner ransports sarrpl e
cont ai nikmgwpedde of e ridivolughe obsampie passedoihvoey2iHe ersbreatisrenatical |y

varies th osition of particles in the observatjon, volu 270 relative to
br opagat PGP SHEREETIRE SERBNNGRESIPY: | Igane SHOBRRRNtBR B tusef ul f or

opti gi zi | g-@,?é - ' | q Hﬁﬂ@ i ed

fl uorg‘esggﬁjcrggforfltggn i tPgssé,'éatWé&%ﬁarfgeg érégﬁgmgagn /olrr@l\%;e“tr“_foﬁl ggﬁ | spl acenent
i s sel escanping patjagsis alstermingd by medléiptyingrthemeétdengthof die frajedbanyiofent s
wherein I%:ont aj ner %—"fois noved in,a nmanner ot.her tEan }he c? i nati on of
ot at i ofGranEITe T forRglYeIE satRle sTRUIGPRECH by 188 el STHA di ng

hor i ZontRJintHpFeh@AaTBRIBh Jf the eifoBal ndtodtdge 120.alservf avedrifbsal di spl acement
or both rotation and vertical displacenment.[066] Optionally, excitation

| i ght 300icresqeRedyintha yalpinetineapeiphspreaddunciion gfozqual émabiovh Kront  of

capdie T Huficrdd Rapt ot e d i G0RP o PR Dot anti a1y
prevent ivdfLrh&8 16 Be$3s88d Hrough ehé BBES atibn IrégiBh crotheasigengi ng to the
fluorescence 310 generated upon excitation of fluorescent particles.

Opt i onalMmijlilitarsy dp semenarpligation yse £f obgervation yrlwnes Bavingfa Yelemeyaf2

Pl endineoltt Snd RingP sBERaE b 6r hBtahd o PR e R R e 1800 L apmbr e
of substaait 8l YD Abiehsiréd 2 PaRtbas ibRlionegh eld st tE drbsdit

corresponding to the excitation wavel engths of Tluorescent particles in the
sanpbe. imysntonamnay bedi chmppoentedil adata filtesing algedipabihat identifige lasadgt h

300 and GEOFE e BT 3 PPt e Rl pelunb SaB8 Povboad Br ey o T oM

di scri mtAgughna®bbyéatomyolexsd.t ation filter 214,

[068] Optionally, operation of the pattern recognition algorithm also
classifies the particles in the observation on the basis of size and/or shape. In

20 one embodiment, classification is achieved by evaluating the amplitude and
shape of predetermined patterns matched to features in the temporal profile.
For example, the width of the predetermined pattern matched to features in
the temporal profile is correlated to the residence time of a particle in the
observation volume, size of a particle, shape of a particle, or the diffusion

25 constant of a particle. Optionally, operation of the pattern recognition
algorithm also classifies the particles in the observation volume on the basis
of particle brightness by determining the fotal integrated intensity of
predetermined patterns matched to features in the temporal profile. In some
instances, discrimination of particles on the basis of brightness provides

30 information related to the identities and abundance of molecules bound to
selective fluorescent labels, such as fluorescent antibody tags or fluorescent
DNA probes.
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em ssion filter 212, dichroic reflector 180 or any conbi nati on of these
optical conponents enhances the overall sensitivity of optical analysis
devi ce 1080wnddnsemspect to detecting, nmeasuring the coneemtusaticomeod and
anal yzing particles. [067] The intensity of fluorescence 310 is detected by

phot odet ector 150 as a function of tine, thereby ner at i ng a tenporal
profi | e [869F | ptianediicereraban obtha Q%tlte?rﬂrfegggfﬂﬁ@“? ”tﬂ"ﬁ\ alse enbodi ment

| L1 uSt I 3ichidrdtds hguiendre QUtBial HAMRLR apgrég%g?rhg {ig ch%]nh}"&f B ocu” rent

of phot odet ector I'S trans rom an to a g| t al

si gnal lmjtmme}getermmbcgpaMrnsdnm bbser220 tempdrajtmpme forgmahmplar e directed
to processor such as a uter, havi.ng, a.pattern _recqgnition

1 gor 1 ¢ I PrOKEE PRIalRtweuPh SFicumaUard Vallies. Bdicahia MEaRtsiear out pu

si gnal s il &%édh%f&h@ﬂqééﬁﬁ@t M ode @myRuindht, e ?Eui?me pattern
recognition algorithm natches predeterm ned patterns eatures in the

t enpor alregegrfitior alganithroni the ptes@nhmmetlomcamdaiaesthejohlrmeae@rmven sanpl e

scannin e tching features may be
deri ved%&?hgﬁa EWEWHQSQQ 8@{?%%5 b%tg\fe% ﬁeagﬂﬁ%'ﬂ)qﬁ’bﬁ ely scal ed or

nor mal i z;ﬁédéi@wamearpatterhcm@t@hea t@thd featineanith an gstivhadiieondgitheed enpirically,
for exanple measuring intensity distributions correspondin to passage

oL part |Sé¢féf§afﬁéiﬂw?§'0|0r@fvﬁ?°§| rﬁeaswﬁ@r@taﬁlpt@naamqr@ggt@mp ingrpat
obsgpvaty éQ&gﬁc’;ﬁ% X ogﬁzrgtégg? éct 'Eé'ssa Qh%@ﬂéggﬁtts%g‘ ?8963%@Ht erns

correspon I n t e sa a rreasu enent of the
concent rcmtaandaésmi&r tsuches cccmaebtra’ﬂm't ofipamdlem sizemstwoatltgeobf t he net

vol une of t hro t servati on o ume for a given sanple
scanni n@%@&gg df%sfmg &HQH{] E@a'ﬁ es\,m a "?ﬁt tQQWﬁIe@Sﬁ)éssed t hr ough
the obsensfldted b XOAHJHSer%Rfr Qn%héeé?nﬁéﬂmie?lt%ﬁg% I ehé ?Qﬁéﬁn det erm ned by

mul tiplying the l'ength of the trajectory of e contalner 130 for a
gi ven saapbgnitiemalgarighmpegdnstates almetogoarmnrmqwmgme poinber spmedchddinct i on of

of e garreS b naRsAnd FomeoPeRi 5ERsRER o o6 RER B a0

scanni ngnfeneiies @t nidtehed fsstuds. 1 m nute al | ows net

[070] Referring again to Figure 1A, optical analysis device 100 optionally
further comprises device controller 240 and/or display 230. Device controller
240 is operably connected to the means for moving the container 140 and is

20 provided in at least one way communication with processor 160. [n one
embodiment, device controller receives output signals from processor 160
(schematically shown as an arrow) and is capable of generating a selected
trajectory of container 130 having selected rate of displacement, for example
a trajectory that repeatedly passes a selected particle of interest through the

25 observation volume 270. Display 230 is provided in at least one way
communication with processor 160 and is capable of displaying unprocessed
fluorescence data, processed data such as a temporal profile matched to
predetermined patterns and other results of the operation of pattern
recognition algorithm such as number of features matched to predetermined

30 patterns, concentration of particles, the size distribution of particles, the
brightness distribution of particles and statistical indicators characterizing the
quality of the fit to the observed temporal profile.
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vol unes to be passed through the observation region on the order of
mlliliters. In sone application use of observation volunmes having a vol une
of the powotoeyprisemd function sel ected over the range of palbasook/ 0846305 mMmB
to about 5 x 107 nB is preferred. Pattern recognition algorithnms of the

resent | nt Lon be, a conponent of a data filtering algorithmthat
Pdent i fi w{ﬁn ‘:Egb'{ﬁl éf?é@?ﬁﬁeg%tﬁg%apﬂwfﬁs}amﬂ%l gnalveiscdrvieas poig ng to the

passage Bfeseff fvehfisn E:Bﬁfb‘ﬂi%ﬁwggé" sEAREhY Bbhfital RlictEReopd RFLodBi-ABR! | V-

operation of t pattern‘'recognition algorit al so cl assi

parti cl ewithpro¢essobbavingta patiem rtelcoghition alguritisinz eTeandpparasisagisown n one
enbodi nept,. classification is,achjeved.by evalyating the anplitude and
shape of [?'QH'éetag CRIMIREGeE & ?@?Hgoﬂg{c@ﬁ@&rgﬁcqpﬁa%@_& b?g i%h‘?rh@r"r‘]l?% npor al

profig e. gEomegyaimal £mdchanitaf il e ehRRAR 8% iﬁ&%ﬂ%&b@t@é‘@mhed to
features in the tenporal profile is correlated fo the residence tine of a

parti cl eligh tmeiagieien wiih e m@thrﬁéhatst?I‘.@éid@fa @tpmmaldamuwf?ésm) a N f
i i ff.us. i N ,~operation o
Phe. pat ¢ ande dolfelverial B SRPiRt 25 GliBob Ber sE0IsRPRng TR The

obser vat slow warticatgscanningds hseful tobnpavet dtatisticat Inglepeadanéy ofiicer ni ni ng t he
total integrated i(rp1|tensity of predeterm ned patterns natched to features in

the t enpBPERTVRHQR VolumasexRiored; IR subseguentyesiGal sespsohheillusaipatien es gn t he
baci e oP o . . . TonE PP
buniiancStup FEARER A BRI LRI RO N S &b Svble it HRTSaHED 20

fluorescent antibody tags or fluorescent DNA probes.[069] Optionally,
oper at i off7@] t her generating excitafidr lighi, ai gpticalsouatescomerisingteekalogenor nor e

i sti .ndi terizi th Wt the fit of the
or o- dot e EAERHER AR BRbTsSsT0et Wi YaHAY 6p Bl n Argpdsthnp! by
provi di nixspa(Stability 201 BUSHedfa-Phsisslaooiditd 8eSnmi aditaabh nghtt, beastatistical
significance of each matched feature. In one enbodi nent, the pattern
recogni t NBPAVNIYBHYHHHNdRseMRIoyidingA82 NAvexgitadiandight i prowigedhd hshi - squar e

oSSR o GG Rl R0 RARE Rl Ml "0 e
experimental configuration is less than 1mW. The objective lens provided is
Kyowa 20x (N.A. 0.40). A long pass emission optical filter is provided in front
of the photodetector to avoid detection of any excitation light reflected by the
dichroic mirror. Fluorescence detection is achieved using a photodetector

20  comprising a photo-multiplier tube (PMT) HC120 (Hamamatsu). The signal
from the PMT is fed into a dual-channel 12 bit A/D acquisition card. The
photocurrent is sampled with a variable time resolution (1/40 kHz = 0.025 ms
or less). The time trace of the signal giving the photocurrent per time bin as a
function of time is stored in the computer and analyzed using comprehensive

25 analysis software we refer to as simFCS. Among many other functions,
simFCS calculates the autocorrelation function and the photon counting
histogram. A correlation filter program having a particle passage pattern
recognition algorithm is also included in simFCS. The function of the filter is
to match a predetermined pattern to features in the temporal profile. The

30 width of the pattern matched to features in the temporal profile correlates with
the time of passage of the particle through the illumination volume. The
system is configured such that a histogram of positive events is obtained and
individual matches are viewable. The correlation filter program based on
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standard devi ati on of each neasurenent. Optionally, operation of the
pattern recognition algorithmal so generates an output that presents the

pr ocessedwoabe/@m3r esul ts, such as concentration of parCraliSe®s/08icae
distribution of particles and/or brightness distribution of particles, in a

format that is easily evaluated by an operator. In one enbodi nent, for
exanpl e, PaTHeleRASSagR PAEEUYIRCO0HKIoA 3Ws $iHh-glamekardetectianelogr am showi ng

the numsdriels iR IdHRNEES R T8 fgﬁ@ggﬁi‘é@get& skaﬁ%iggiﬂr%m intensities or

total integrated Intensities of nmat ures. ferring again to
Figure 1A, optical analysis device 100 optionally further conprises device
cont r ol | [§73240Indhe /poeseanitimienjiop3the Dialivoluroe thatds bealy2¢d dusingper abl y
connect ed tolthel neans_for .m)vlitnq tgii Eonta]i ner 140 and (s provided in at

| east ondPHEE) 20T WHGAT PRRASHONG!R e flaksapPiessann gl di ment, device
cont 50! | gstebBSIetivey. THE RetinitanabRinkd @merﬁﬁSQFeam@uﬁémsm| l'y shown
as an arrow) and is capable ofd%eneratl ng a selected trajectory ‘of

cont ai nep theGoRtperhicTeseaneis delineddry tiespipsessiemt , for exanpl e a
trajectory that repeatedly passes a selected particle of interest through

t he observatiorn valu 70. Risplay 230 is provided in at |east one way
comuni CgipkPn= I‘ga }E)EEC g(iqj 160 and i s capabl e of displaying upgrocessed
fluorescence datay/ pkogessedz/data such as a tenporal profile matcthed to

predeterm ned patterns and other results of the operation of pattern
r ecogni tWoerein goisithateratbief fe abaewation alang thees diractiored.yi®the edet er mi ned

attern rat Of { . (4 i stributipn of particles,
!tohe bri 3%@@‘2@6‘5?&%}3? u%'?'ér'{pg?é ?){;bﬁégf&erg%gﬁd'zﬁ gr%‘? FSGPQ@AP% di ca!toor S
charlact eshssgiregtidria thed ditectioh. tWeehid rectarigugaradiis & predideRNpdratt of
profile.[0Q7 Fi qure %ﬂpr ovi des a photograph of an gptical analysis device
of the pré€ O‘ilergﬁ%tﬁff ANp$areesReng toaesithat arsartiagonal ta thecope in

combi natpaaukfidh Biie of ¥RObxCiHiodicht BRIARE LalBRABI LSRRl RsldIM  The

appar at us In Figure 2 conprises a small confocal® mcradscope that has
a hor i zofitrEinsigssmdtthg skinehditheemiagnification fetoruofethe confdcahatidosaopg) i ndri cal

cuvet L@ L aRPHortssiBnel 1§ LA bhrallot b H8PrOBhSATor 535 oP b bsiafion®t &t ona
15 light and is calculated using the physical optics of the system. In an
embodiment wherein Ly, Ly and L, are equal to 70 microns, 500 microns and
150 microns, respectively, Equation | provides a volume of the Point Spread

Function equal to 5 x 10° microns®.

VPSF = (70 zm) x (500 gam) x (150 zzm) = 5x10° (,um)3

20 [074] The total length (L) of the trajectory of the at least partially transparent
container holding the sample for a movement scheme involving rotation and
vertical inversion is calculated using the expression:

L= ”(dcuvettej(vr)(t) &

wherein deuette is the diameter of the cuvette. V; is the rotational velocity of the
25  cuvette and t is the sample scanning period (or detection time). For a sample'
scanning period equal to 100 sec, a cuvette diameter equal to 1 centimeter
and a rotational velocity is equal to 5 revolutions per second, Equation Il
provides a value of the total length of the trajectory equal to1.6x10” um:

34



and a slower vertical inversion (about 2.5 centineters per sec) notions .
The sl ow vertical scanning is useful to ensure statistical independence of
t he obserweath@ms¥mBunes expl ored in subsequent vertical PERASPEG6/0T4686
illumnation focus is centered about 200 mmfromthe wall of the cuvette
inside the sanple. [072] For generating excitation |light, an optical source
conprising a hal ogen | anp coupl e t‘o §452 nm band-pass filter wth FWAM of
60nm an Argon iop | gser (Stabilift X3 1777 |Spect r agPhysi ¢cs) provi ding 515nm
exci t at ibn=|7'r@mm)('o'r—a— éO@Iyedoum)yﬁTi—um—l aské xfdboyindi ng 532 nm exci tation
light is provided. 589 adi ant power! 6™ tHe optical source required for
detecting particles in this experinental configuration is |ess than 1nmVN
The objective lens provided is Kyowa 20x (N. A 0.40). A long pass enission
optical filter is provided in front of the photodetector to avoid detection
of any E{ at+ j f [ ' ] r rescence

det ecti 32?%1 a@’ﬁ?%@%‘%‘é’?‘ﬁé{@%ﬁg{%8@‘@@9 %réagﬁ rr%%‘lcgh ﬁié\%éj eaﬁ%# g- mul tiplier

t ube ( P\drbvidedi2y theeaxpredsion:. The signal fromthe PMI is fed into a

dual - channel I?}é;(,%lét A/D_gﬁqui sition card. The photocurrent is sanpled with
a vadi abVe=tf QWINFEHIH (1/40 kHz = 0.025 ns or less). The tilhk trace of

the sig kVin i i . i f timeis
st or e R LRt B INRE S haRGok ARGl e oD S B s cof tuer e
we ref ersdotioaof sherbbServation gegianysuihngs tHeusrobs eastiors bhhessdireaticl es the
autocorrel ation function and the photon counting histogram A correlation

filter grREMMRAPREATRNIRPRERIIE] 10 @nd/aEsaigeident tathe Rrepagalian axisafgorithmi s
also in b S Y hg filiersd a

pr edet eﬁ#&%lt%%fgﬁ%oﬁgg%ﬁ%ﬁ}éﬁt ee r{e@q' oérr{a sz?rlgfselq%‘.l @Egaw dth of the
pat tlér n miratmednd d SDeaictoress réspadivelye theoCabsspBedtidnes providedtbgsthei t h t he
time of passage of the particle through the illum nation volune. The system
i's confi‘%iﬂr %éqgﬁt:h that a hi stogram of positive events is obtained and

i ndi vidual matches are viewable. The correlation filter,program based
onpa_rtlcdjﬁ)s_pgg@cﬁgle:@gt g{nﬁ gg@phigqr(lgd)mﬂ&ﬁyﬁ-lgt t@fol ar detection of
particles with | ow br¥ghttnégss for | éss than’a m nute of scanning tine.

[073] In the present invention, the total volune that is analyzed during

[076] Substitution of a Cross Section of 7.5 x 10* microns? and a total
length of the trajectory (L) of 1.6x10” um (see calculation above) into Equation

15 lll results in a total volume (V) explored during scanning equal to 1.2 ml
7 4 2 lem 3 3
V =11.6x10 wm|x|7.5x10 pm |x — =12cm = 12ml.
1x10

[077] Therefore, more than 1 ml of volume is explored during a 100-sec

measurement time in this experimental configuration. This calculation

illustrates the ability of the devices and methods of the present invention to
20 detect very low concentrations (a few per milliliter) in reasonably short

scanning times.

[078] It is important to note that the sample fluid never “enters” the inner

workings of the device. Careful filtering is not necessary to prevent clogging.

Frequent cleaning is not needed to prevent contamination or bacterial growth.
25 The sample is also not lost as in flow cytometry. It remains in the cuvette and,
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optical analysis is proportional to the total sanple scanning period (or
detection tine). The estinmated vol une of the Point Spread Function (VPSF)
in the combao@losmissr oscope i s defined by the expressi onPCBuse@icn0dsss i S t he
| ength of the observation along the X direction, Ly is the length of the
observation in the Y direction, and Lz is the Iength of the observation in

the z dithestgasrbe pubigcted iocathagiests if desired.sThis gliribeie ofthepsasenst t he
phot odet; : s n ] e gonal to the
pr opagat'ﬁ\génrﬂgjyi Iééogaﬁflgaﬁtx%ﬂ%?ﬁwﬂﬁgm&gﬁg Q‘%hgg{ gouﬁgﬁaﬂﬁ usi ng the
physi calsatmptesisi ons of the slit and the magnification factor of the
confocal mcroscope, and Lz corresponds to an axis parallel to the

pr opagat.j axi.s of ;the excitatign |jght and is cal cul at.ed using the

hyor oal 03 P ELSuR 3 sHous Ssemilian ditbsfing BrisrbpRTEor 3y "and L2 are
equals t Qaffcl8iné6\ARG thieB8hThé bBBEnaREN YBRINMG gERBfated BSRBhE RbyentEquat i on |
provides a volunme of the Point Spread Function equal to 5 x 106 microns 3.
VPSF = (opdicahgnalyzeo0l ery-axis ¢BEsponds i intensity inaarpit(apy anitsreditbeal | engt h

ot i ng X ad® SBEERORYs % i o BB2MRE TheteioRis BRARS SBRWEIR vert ca
i nver si dfigine 3 alasldajuirddussinga tcombivatiorssf rotationhsfthe RofdiNet i¢iding t he
di aneter of the cuvette. ;‘/Ir Is the rotational velocity of the cuvette and t

i s the dheSPERIR ghairatptioaal wriogibr equal de @bsHt 80QEgtatipps par BwMEEe scanni ng
eripd ) t ' ; ' and a
Pot 48 B /spE RtficalinfRfiBhidt the SPRiMertbidhotfle Sahfoi afErdfe AT

provi deofaboat deeotindier pert sdcondndidaturestih ¢he teanporiabpyofitmattimesl . 6x10 7

075] _Th I I d ' I [ iod i
or ovi decPabg i abai et FB e he B SBirasaond it aaShabi gt oS FyroUBE: Bin i
the tot ghelopBERatiBh VINEME! FiQHEAN sROWs StERDHoPSIGILAR (ks @Ia)?) cross section

of the observation region, such as the cross section of the observation

regi on genegated ydhe qriical aralyzer antitorespsindinglpradetermined patipensat i on axi s
of tlIge e(f‘n(ﬂicgIgtﬁlgt')1 nJIétgnéd td %a?@r%s?mg{eﬁaéram%fﬁe'.nAI's\{) SEHIOQNHL% are equal to

500
Figure 4A are the chi square values (bottom plot) associated with each

pattern matched to the temporal profile. Figure 4B provides an overlap plot
showing a feature (curve A) observed in a temporal profile and a
predetermined pattern (curve B) fit to match to the feature. The shape of the

20 predetermined pattern matched to the feature is defined by a Gaussian
function. Use of a Gaussian function provides a first approximation for
transportation of a particle through the observation volume. Methods of the
present invention also include use of predetermined patterns having a more
complex functionality, depending on the sysitem and the application. Figure

25 4C shows the intensity-distribution for a single pattern on an expanded scale
and Figure 4D displays a size distribution obtained for analysis of a
heterogeneous sample.

[080] Figure 5 provides a schematic diagram of a multichannel optical
analyzer of the present invention. Multichannel analyzer 600 further

30 comprises beam splitters 601, additional objective lens 610, additional
confocal apertures 620, additional emission optical filters 630 and additional

photodetectors 640. Beam splitters 601 are positioned such that they reflect
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m crons and 150 m crons, respectively, the Cross Section is provided by the
expression: Cross Section =1L L =(500i) x (I50m =7.5x 10 mm. [076]

Subst i t utworzoasiosaestr oss Section of 7.5 x 104 m crons2 amdTasc@sabssbengt h of
the trajectory (L) of 1.6x1 07 mﬂ(see cal cul ati on above) into Equation I

I I I | to 1.2 mM 4 2
Lem'3 3 DHaRebihds puh bSeriaton iBHec 1. s TiReiza ”'”wer%‘isims%n[om )

Ther ef or esfldBRIEliGHS Pésé%d ﬂIroMQIH ‘éﬂ@ltlbﬁa%é&I@eﬁgéé % | I C%C?déﬁ?naﬁ{ i on

measurement tine in this experinental configuration.
i || ust r aterfocalapaitures $264 andemaged oot adlditlfnmlrpmﬁodﬁtebtmes pd8sent invention

to detec f el | t | n reasonabl y

short scgn% ng Oif%as%%ﬁg%?%cq e("?r%BF'IIVQR teI)TII‘II-'&I' ILIEQI“ hig sanple fluid

nevers " estrbogiménte of tine prawariimamtioh L!SbﬂJIWSIﬁ@Itaﬁéb@Q‘z”anH' ltering is not
revent clogging. Frequent cleaning is not needed to prevent

ssary to
I:Ig(r:r? am nI.IIdQBﬁR@‘?” ROBftPENg @H@U&Sﬁ‘en%@oﬁhﬁﬂl@ahfy of|differeot fluerescent i n f1 ow

t o0 ot her
Sste’ i PrpLes dsSBRighen Witn natCeY e, ot et et ot BEOE 5D 0  can
advant agend\/addltmnakpmxgodetdmtdsmrezllaarecdlaoal%Tomdmjlvafh Tifﬁ@?&it dﬁ‘ll@glﬁﬂ 3 ﬁh?IIIB an
I of a particle nmovin roug e
observar Pefed BlieRecHE et SR Tuidhy Penet saaded SpielnathadisgaionsThe v- axi s
cor r e POTHR drabbdikRiMs of the Eré‘HeI%t Inrv@hﬂoh’ Qh%t%f IaII@raer@é' ﬁur%ﬂfyf SI‘S ponds to

time in arbitrary units. The tenpor al gure
acqui redﬂweﬁgelwa:tﬁmcwat Dtﬂflleﬁthﬁbcanremmﬂotmgnaleritmn nlefferénrﬂ d| ng the

sanple a e ut, 30 ation m nut e
(5rev./ sIeI%&)egg r§B$I1; @éﬁ% ﬁé’i%g agﬁ?ygpdqﬂgrg\qﬂgénf%gpaﬁgn H?ﬁé‘II) He sanpl e at
a rate otlassifitiig particfds ORI basik of e6RPBsitbRAtAItRRaliviIy,NE dussmor al profile
at tinmes equal to about 9,230 and 9,520 correspond to passage of particles
t hr ough €M odiments of the present invention, photodetector 150 and additional
15  photodetectors 640 are each provided with a confocal aperture of a different

size. This embodiment of the present invention, therefore, generates a

plurality of fluorescence temporal profiles that correspond to observation

volumes of different sizes, which can be analyzed to provide information

useful for classifying particles on the basis of size and/or shape.

20 [081] Figure 6 provides a functional flow diagram illustrating steps in an
exemplary pattern recognition algorithm of the present invention. As shown in
this figure, a function type, such as a Gaussian function, is first selected to
serve the basis of predetermined patterns that are used to fit features in the
temporal profile. Next, the filter is applied to a segment of the fluorescence

25  temporal profile having a selected length, such as a length approximately
equal to that of the pattern. The intensity of the predetermined pattern is
varied and a least square fit is obtained within a parameter limits set. If a
match is obtained, the feature is recorded as a particle detection event and
the intensity is saved. If a size distribution is also desired, the pattern width is

30  scanned between a maximum and minimum width set and the width
corresponding to the best fit is saved. This process is then repeated for the
next time interval of the temporal profile.
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t he observation volune. Figure 4A shows a tenporal profile (top plot)
generated by the optical analyzer and correspondi ng predeterm ned patterns
(m ddl e pvotpoemtzsted to features in the tenporal profilPeT/UAb@®6/08480610 | N
Figure 4A are the chi square values (bottom plot) associated with each
pattern matched to the tgg&oraj profile. Figure 4B provides an overlap plot

showi ng @lsle-at The methedse d@M@@ﬁ}Rﬁ&“@ H"%@ngﬂﬁf‘ﬁ@n PR S aardea
pr edet er BaghrRREAY Bidchittal SnBmbidartical RUER ddtnbdiferliE2atiiRa) The shape of

t he predet pattern matched t eature 1s def y a Gaussi an
f unct i onsousses usefal iBahegiraseitimethicns paycompsisa nairmost bapg cokeranti on f or

t tatj f ticle th t he ob ] | yne. Met hods of th
bt esent | FAUFERT Sieh HDBSRise AOE ARG BRne faste sepiHese dURITE YRS BHEPng  or o
conplsex haReE fangiinalbe GRREAS ORECAOURGSIHIRE Présttht imRerftidRl prodidean- Figure

4C shows the intensity-distribution for a single pattern on an expanded
scal e arihaFpyvavelergtiaifiipriag slementz sueh g8 opticaliinteriesencantitert or anal ysis of a

mul 11 ohecentRfo of HchraHeGrds BathETt: AoTRPEIRbSM P hannel
anal yzer ragfioniavivey a Gofffiérstisndresunvwaivieldrigtih slistiutioraddaiioww sa@hsitd ecti ve

| ens 610, additional confocal apertures 620, additional_ em ssion optical
filters édgcippobomissighlipmpaitisigstiathephseyationegiprpGntical s 601 are

osifg o ciltb%t er%ﬁ f rvation vol ume 270.
Rs iltr(l)'di gﬁhergé?tr?\] | gl,”bgt‘g?/e {‘ﬁgﬁsrﬁ%(g F%%%Z% g ?‘Xllb%ﬁgggg@é (ta’fér'ough addi ti onal
obj ect i vemeraury @sc Bibip)abbaxtdand tamaps (agf destkriapdamyr, xen680ampnd i naged ont o
addi tional, phot odet ect ors 640, capabl e of neasuri.ng fl.uarescence
i nt ensi ttp@ggggﬁaénp QﬁﬁFP@?CSPPﬁ%%WenoréﬁB@legﬁrﬁ@ﬂg\g digde ?Ieégﬁi- i nvention
useful for simultaneously and independently nonitoring fluorescence froma

pluralitpogaj dihé preyaint fH\ﬁéﬂti@ﬁG@ﬁbmgéﬂbléswiﬁﬁé@?\}e&ﬁi%ﬁa%éﬁ\‘oﬁélrédﬂé'a?S in the
observation region, photodetector 150 and additional photodetectors 640 are

each pr oWicescapestcamprisng atcolimatioroalenpant ¢a4g. pinholg er sl in eplical r ansmi t
S0 AR 2B ESSYER efhle RSN By RARCAhg=nt of the
confocal aperture (e.g. pinhole or slit) in optical communication with a
photodetector. Use of a coliimation element (e.g. pinhole or slit) in optical
communication with a light source is optional in the present invention,
particularly for embodiment wherein the optical source is a spatially coherent
20 optical source having a small spot size, such as a laser source. Confocal
microscopes providing a focal volume having a fixed position are useable in
the present invention, as well as confocal microscopes providing a focal
volume having a selectively variable position, for example, by rotation of a
dichroic reflector. Confocal microscopes in the present invention may have a
25  confocal aperture that has a constant size or a selectively variable size and

may be provide in horizontal or vertical optical geometries.

[084] Containers useful in the present methods and devices inciude
containers having any shape that exhibit at least partial fransmission of
excitation light and emission from particles. Containers useful for optical

30 analysis applications requiring large detection sensitivies are highly
transmissive of excitation and emitted light. Use of a container, such as a
cylindrical cuvette or optical cell, having a transmittance of excitation light and
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fl uorescence tenporal profiles that correspond to signals fromdifferent
fluorescent probes which can be anal yzed to provide information useful for
cl assi fyiwgQ 2pavasizsBes on t he basis of conposition. Alteroatise@owo46ve ot her
enbodi mrents of the present invention, photodetector 150 and additi onal

phot odetectors 640 are each provided with a confocal a rture of a
di f f er erfRMissiag framiparielps Hatds substantallyppenstant (er: senstant te Mathist or e,

gener at e, 4yt Rlodt B EFéf?PaTéali to?%%ﬁfecsﬁﬁlﬁ:attlsagﬁﬁﬁgtam R{) iy B“tﬁ}t ?P}(’)égsmnd to

observation volune ere Zes can be ana provi de
I nf or mata fumctienfafilrotiation qabaslsnflsl pagiquéarty udefsl fon phh&lé)alassmoén@ ze and/ or

shape. [081] Figure funct on flow djagra |IIustrat|ng st eps
in an eX8 ?l’ ﬁ"g\eﬁ 'Péb%&ﬁp gy 'am‘@ﬁﬁ Asing OPH%aq i nvention. As

shown in this flgure a function type, such as a Gaussian function, is

first sqoesy eqf\lﬁ@n%%(n‘é%ﬁ h@vn@smé cﬁfntéﬁhé@'ﬁél@fﬁ@t'h%%éh%lb‘%foﬂ%‘mh@ﬁt are used

to fit features 1n the tenporal profil Iter is applied to a
segment fBﬂYIbI@euﬂ‘eldjﬁrtb@Wtﬂmpalth@ﬁmmd@ tmﬂlaigbra refatientasddtiengt h, such

the. pr oddtay ERE AT EIng Brilrs, Suhiiloldie LEGOEHRTER pf ot b1 Ly o
Wit hin aomrr@nmtawmlechamsmetuSé 6f meant ¢or Mo vivlgtthk ReftaihGehdlgmgur e 1s
recorded, as partlcle detection event and the intensity is saved. If a

si ze di §h?|%ﬁ‘ﬂﬁ’ 8rihatarg nod sHecentdle ta mechanical ueiialions and/Banned bet ween a
MaXi;gum .Bhgl 41BFBrdhed l?orsﬁﬁné‘rgggﬁ&ﬁlo‘%dtﬁec 5P BRARL A ae best 1!

i s saved. cess IS then eated for t nex I me |n erval of the
t enpor alargt dévnbes pﬂﬂm] présentiatértin, d'rmdvewemaremcrbfveryleuslr@mbm to nventi on may

use a W de range, o t cal, ele and Vi ce conponents.
oot cal o dBESaSeaRom e AT S duish R oy bispe 15! Gk S band
coher entjRE YRS, s@ﬂﬁ&hm@ lbﬁé@\*@e a01da8RA FAMOPENS) thaRRhe G §Sale
AIternatlver, br oad hps nmay be used as optical sources In the

pr esent ortb@rmanseag@of)pad@@&thmugdn hevahsenationfvalymei ng el enent, such as
optical interference filter, diffraction grating or rmnochrorreter, S

e oS edoh oAb Y ENA PP RELEL BT i sSHEFthgh Y "o
including, but, not limited to, photomultiplier tubes, photodiodes such as an
avalanche photodiode and photoconductive detectors. Photodetectors useful
in the present invention may be provided with signal amplifiers, terminators,
analog to digital conversion systems, electronic filiering systems or any

20 equivalents known in the art. Photodetectors of the present invention may be

configured for photon counting.

[087] The present methods and devices of the present invention are
amenable to computer assisted automation and, thus, are well suited to high
throughput optical analysis of a large number of samples. Processors useful

25 in the present invention include microcomputers, general-purpose computers
or processing systems capable of running application software. Exemplary
computers useable in the present methods include microcomputers, such as
an IBM personal computer or suitable equivalent thereof, and work station
computers. Preferably, pattern recognition algorithms of the present invention

30 are embedded in a computer readable medium, such as a computer compact
disc (CD ROM), flash memory device or floppy disc. Further, computer
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detection of em ssion fromparticles in the observation region. Optical
sources include, but are not limted to, |asers, narrow band | anps (e.qg.
mercury awo 2b@ms)y2s3br oad band | anps (e.g. deuterium | anpCTASR@G/ DD,

hal ogen | anp or fluorescent |anp, one or nore light emtting di odes (LEDs).

[083] The present jinvention is conpatible with conventional confocal
opti cal 'RRERRIeIBRdM BIAYhesindfedowaof Ahard shiskepramerory éhtp, spchigsl e or slit)

in opti gghdg wsg%éﬂgry\%%ag-dmgm%ﬁ ce, dichroic reflector, objective

| ens and con aperture p e“or slit) in optical communication
with a photodetector. Use of a collimation elenent (e.g. pinhole or slit)

i n opti 888 omMmiappeeiciaiad WiytdnessKilleghin the arc eompubert saftvedreicodehe present

i nvention r.ticul ar f qr .enmbadi pent ,wherein the. optical source is a
spatt al 1gneSRibe e Bhla aives FRaBoRS b SaTet trdottibh YBSHRIEh as el aser
sour ge. thepresat INSHRRAARE DeRimtidFiisiag anlatdbabobiddRahiaihgg a fixed
position are useable in the present invenfion, as well as tonfocal

m cr o_scd@&umvﬁi@ﬂﬁl@'aﬂﬂma%_ﬁlim@?%d&m@e@%&Mﬁedith@Pf\E@Ni a]E)I e
mor oscapbeorn oY Ferist defe Dol & e A MAORE. SRS SRR e s

a const gefesietefodsomesapsichtived pf thar prebért invertiemthataycdrepueppede in
hori zontal or verti (i,ab ?péi cal geogetri es. [084] Containers useful in the
present URSOHBACCRRPIgB\ANIIBE Sters Aidae prpRaNtiReBoRaVE ycuroMpiaipd t hat

exhiji t gt %gﬁtﬁgu@é’ rhbg'bettﬁﬁ@'&s@ Pt &ily%&%ﬁé’?ﬁ isﬂ%)pbri %é?éa%e?féis%i on from

particles. ners useful for optical analysis pl1cations requiring
| ar ge detfstepwoin thenmesémirasthads. hi ghly transm ssive of excitation and
emtted light. Use of a container, such as a cylindrical cuvette or optical

cell, hagyj transmttance of. excitation |ight andem ssion fromparticles
that i s WBRE: A4 BIFP 2ihSattioB Gndbheva hedl eribvrnginard on or

pr ef er ahlsedf 4y tepmizeofaiiRictipidn ARG neeBslimRatidr aMd fkre b int&oraim @ function
of rotation position is particularly useful for particle classification

measur erfBpusesuehrielme ape exarassionssofrychidiag auy ieayiveiants af theal ysi s.
%3 AR TR AL S0 AR DS o SR RSRGhAUh L HIBCBRRAS 168 P 1L oY |
various modifications are possible within the scope of the invention claimed.
Thus, it should be understood that although the present invention has been
specifically disclosed by preferred embodiments and optional features,
modification and variation of the concepts herein disclosed may be resorted to
20 by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention as defined by the
appended claims. The specific embodiments provided herein are examples of
useful embodiments of the present invention and it will be apparent to one
skilled in the art that the present invention may be carried out using a large
25 number of variations of the devices, device components, methods steps set
forth in the present description. Methods and devices useful for the present
methods can include a large number of optional device elements and
components including, but not limited to fiber optic elements, temperature
controllers, optical filters such as FP etalons, high pass cutoff filters and low
30 pass cutoff filters, collimation elements such as collimating lens and reflectors,
trigger pulse generators, lasers, monochrometers, prisms, diffraction gratings,
focusing elements such as focusing lens and reflectors, reflectors, polarizers,
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of the container, including notors, switching el ectronics and/or eccentric
rotating plate nechani sns. Use of neans for noving the container holding

t he sanplwoth@tosaase not suscepti ble to mechani cal fl uct ratriuse@scandber
vibrations is preferred for sone applications. The optical analysis nethods
and devices of the present invention, however, are not very susceptible to
errors |#ﬁ$&ﬂ§'§é‘@®&5ﬁﬁﬁ‘é’d@?ﬁ%‘ﬁﬁﬁ teroperAl TS EOMirRliess. tomperatiens t hat occur

on L1 e S6FS, i3baaHEhAMIck! LONBBE ohlirprcdl bhdBpiga(giteLs of ) than the

time scale O e passa partlc 8s "throu servation vol ure.
[ 086] Any photo-detection device is useable in the present invention
i ncl udi nP90but Ther&allowing r@”érermespbbtte)gaheﬁaﬂyit@digiwbetgnabpmoed*sioges such as

an aval anc hot odi od onduct | tectors. detectors
dse v A4 RRALBERANRROLN RGPS B0 ARRIPHER S DG R 1 1 er s,

t er maat pigitrisfGalviRmolakisli Richéite @@nvw&émﬁoﬁmws( 3%/3@/{9%@%%“ iltering
systens or an% eqU|vaIents known in the art. Photodetectors of the present

i nvent i oRigralPmeessing, godaditiasy, pplQﬂRﬁmh@tmanl nghafensmd FhBugk.esent net hods

and de S t C ssi sted

autorra;/:%f\é%g% ﬁ:%]ﬁd@@@ E(Q d’ﬁ%}‘gféu?-' %e%g@ﬁa[?lh eg"ﬁ %@ggﬁtljc 1 anal ysis

of i’i ljarlellerudbp\u HfLsiaaMem an:am@s%mamSuHEIPreﬁst‘r%goamerr)t i nvention

i ncl ude r ocQrputer er e conputers or processing systens

capabl e g@t(i@rg ﬁﬁ’ﬂﬁﬁﬁ?ﬂ”?&ﬁ 1&%’3’5@1“5% n%&%’l?‘awﬂqyo BElefClseabl e in the

Presant Tk RAdRing Rl BsGERAIRY ARSI s.sw&ho% Brinldfdipgsonal computer or
faly

sui tabl e equival e ereof, and work”station conpute referably,
pattern ﬂmregmrtoeodatalmg phmnafouhheg istegnam ana@atsamd finctuatidredded in a

t d di flash
romory  ceTaetio SpPBinsrobiaiasls: (h rRE Bhblart CPbARbe FUStRatai vy be i n
the fornrpbresceate F‘Ihc%lﬁa%n EEEBFrNsdeWYSGJﬁéhaﬁD%dHEF P»CFE@SS@E”DW or
read only menory. [088] As appreciat éd by one skilled the art, conput er

sof t war eal@d)EeGéﬁﬁ@mﬁlﬁghVﬁeJ aduly 1809) gas. 55@ ﬁﬁasVah(i?ptht 4t @)rléBogni t i on
al g°f§ t hlgﬁte?l{ 6t7|§%f é’és?s(%?‘m%ﬁ% dn%o'}ggcé% e%dr?élspoﬁjgbé]&r&%py.u' table

pr ogranmi
method and application to the intracellular environment”, K.M. Berland, P.T.C.

So, and E. Gratton, Biophys. J., 1995, Vol 68, pgs 694 — 701; (4)
“Fluorescence Correlation spectroscopy. |. Conceptual Basis and Theory”,
E.L. Elson and D. Magde, Biopolymers, 1974, Vol 13, pgs. 1 - 27; (5)

20 “Fluorescence Correlation spectroscopy. ll. An Experimental Realization”, D.
Magde, E.L. Elson and W.W. Webb, Biopolymers, 1974, Vol 13, pgs. 29 — 61;
(6) “Fluorescence correlation spectroscopy: inception, biophysical
experimentations and prospectus”, W.W. Webb, Appl. Opt., 2001, Vol 40, pgs.
3969 — 3983; and (7) Fluorescence-intensity distribution analysis and its

25 application in biomolecular detection technology”, P. Kask, K. Palo, D.
Ulimann and K. Gall, Proc. Natl. Acad. Sci., 1999, USA, Vol. 96, pgs 13756 —
13761.

STATEMENTS REGARDING INCORPORATION BY REFERENCE
30 AND VARIATIONS
[091] All references cited throughout this application, for example patent
documents including issued or granted patents or equivalents; patent
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| anguage. Exenpl ary | anguages include, but are not limted to, C or any

versions of C, Perl, Java, Pascal, or any equivalents of these. Wile it is
pr ef er r edwbanosasmms3appl i cati ons of the present inventi omrcrhmstoogoemoput er be
used to acconplish all the steps of the present nmethods, it is contenplated

t hat a conputer ma%.be_ used to performonly a certain step or selected
seri es cAPRIicaHan pHbligationse3rt NoRMRateplditeratige) dogynerds @k olher SOUSERssi ons

whi h Naerdies Bre Bt SfcdPbriiBd ByTersBce Retdih TP iR dafelitpldn and not of

limtation, re’is Intention 1n the use o erns and
expr essi thosgbfindixidualty ingogrorategiby edferensepto thieeeXtenit eadsrefty@me dsnd

s t.hereof, t .varjous

d Ib N Lt I zed th )
o 11 caft gret e Sal iBFaTstent iith e SRlBUER T fE AROBRAUOBE i med. Thus,
it shoul gifiplend eflrONk fadis aéﬁiawmohgrg_taﬁ% ﬁi&brﬂa&\é%& b PefBfshdaeen

specifically disclosed by preferred enbodi nents and optional features,
nodi fi cag@xaspt ferdhe partiallydncwisisteet poitioamt shereeferencgdscl osed may be resorted
to by those skilled in the art, and that such nodifications and variations

are consjg ede{ iRl : 0 [ .S 1 LOE efined by the
appende d??!u &Y%ﬁérﬁ%lég#ﬁpkQgﬂﬁg@@n&s&gﬁ@m%ﬁBﬁg(?@?éralé8Ee exanpl es of
usef ul eesterdpiifiedt tseerein ¢drebpusednttd pravtieetthe invemdiont umielsk dtiseragear ent to one
skilled inécpe art that the present invention may be carried out using a
| arge n 'of variations of the devices, device conponents, nethods steps
set forth in the present description. Methods and devices useful for the

pr esgnt @Bmodwrfé%vémlra&%% 99 fh HeQRIcifRbatioR! fop @bty £€ el ements and
S

comnmponen Including, but not Timted to fiber optic el enments, tenperature
cont r ol | i@mperapire cangd,ia tirsegasgehora CERPpesiEipo s concghtratisrangeodtl filters

and r o | BEDIeE R rbaats B RunRiigesy B D &8 BRI RRBuRR Rl P sre,
di f f r actinahe gangésngiven 206 iftenged ke b Mcludett ih e disslosireg It gasbend
reflectors, reflectors, polarizers,fiber optic couplers and transmtters,

f
t enper at YRaer gtordiibal any subranpes &r individualseiues iy »sendmatsYyeNeal sour ces
and jar r@w: Bang OpfGRknS 8|é§5rﬁ§ticogg f&@r%]gn dAIPb AbRNEA% I thE GRGRE Tl ate

generally to digital signal pro
herein.

[094] All patents and publications mentioned in the specification are
indicative of the levels of skill of those skilled in the art to which the invention
pertains. References cited herein are incorporated by reference herein in

20 their entirety to indicate the state of the art as of their publication or filing date
and it is intended that this information can be employed herein, if needed, to
exclude specific embodiments that are in the prior art.

[095] As used herein, “comprising” is synonymous with "including,"
"containing," or "characterized by," and is inclusive or open-ended and does

25  not exclude additional, unrecited elements or method steps. As used herein,
"consisting of" excludes any element, step, or ingredient not specified in the
claim element. As used herein, "consisting essentially of" does not exclude
materials or steps that do not materially affect the basic and novel
characteristics of the claim. In each instance herein any of the terms

30 “"comprising", "consisting essentially of" and "consisting of" may be replaced
with either of the other two terms. The invention illustratively described herein
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and pattern recognition ( 1) Algorithnms and Applications, John G Proakis,
Dmtris G Manolakis, Prentice Hall, 3rd edition, 1995; (2) Discrete Tine
Si gnal Prwoesa&iasges32nd edition, A Oppenheim R Schaf ercTarsdoodoofuek,
Prentice-Hall, 1999; (3) Discrete-Tinme Processing of Speech Signals, J. R
Del ler, Jr. . H L. Hansen, and J. G Proakis, |EEE Press, 1999 and (4)
Pattern @'@@é\( may1e practioed n) theyahsense afany elemert ofF /lemantsy - | nt er sci ence.

The fol I DESR rinterpreting

fl uor esc%@&?gﬁgl ng \Mg!tcgtr'lgggt%h ng %‘S’scﬁ%égﬁ%érhogé%'@y s and fluctuation
correl ation spectroscopic analysis: (1) "The Photon Counting Hi stogramin
FI uor esd@96§ FOuetofaIrdinan&jelttrrtbecanWIIl aprpreeimthal st@tlng/lmaterlalsE’T C. So

d E Gatton, B . Jul WSS 77, No. 1; (2
0's. ParBAIe Rl gRageas. pujthetdaiRdn purioes % onAREE! on 2

spectst 0Srﬁ@mbdsmé’sb%dnﬁé‘ﬂl‘i’ocﬁpléhu%éﬂh%stcﬁhéhﬂahQﬁé@&@béélﬁé’éll it onnent "
K.M Berl and , Gratton, Biophys ., 199 Vol 68, pgs 694

- 701 ; Q)@mplﬁlaﬁﬁmb@@mlwlélthemacm@ftthesnwmomwnhmﬁcremrmm BaS| s and

Theor Yl e, AR SooR RBATRA ok Ay Bl B0

Real i zatmaterual@an%@@thodﬁake infrsdu @k WA dedEhlthisBhogationeTre 1974, Vol
13, pgs., 29 - 6 1; (6) "Fluorescence correl ation spectroscopy i nception,

bi ophys.@wsmxn@m@mwhscl’ahﬁyepb@%emn@ye wsaﬂe@%termm Opt., 2001 ,
Vol 10, @9rip ﬁgﬁ%ndplﬁ%?imﬁgﬂo& S’Wt gtcgﬁ 'lﬁ¥h {1] Hbutlon

cation In %I OI'TD ecu

anaIyS|s and'1ts ap ogy

Kask, K SLthi herml and dzxmesslamsiof@xdﬁadilhg unMimhts ofﬁctbd fedlates 1999, USA,
Vol . 137 61 STA EI\/EIgI)'f[i} REGARDI NG, | N PORATI ON BY
REFEREN eﬁ‘ﬁ' of BertiPngthe W fidg geeqgnieed M ygReYS ¢ hi s

appl i CatHn@ﬂtfmb%n@é?érﬁbé%ltﬁétvﬂﬂﬁn S0C YEBIE Sf thGhyshih Liamhed Biuggfant ed

patents or equival ents; patentapplication publications; and non- pat ent
literat m@tﬂl@b&rtﬁmegstﬁcdéhat@ﬂf@ughdbe pEesantanventiont@sdisen ncor por at ed by

ref s encsep&?ﬁcea'llg) dl&l(%]e%f by SI% errgé e%sbooa ments and optional features,
modification and variation of the concepts herein disclosed may be resorted to
by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention as defined by the
appended claims.

43



t hough individually incorporated by reference, to the extent each reference
Is at least partially not inconsistent wwth the disclosure in this

appl i cat iwo 20dccos4mzanpl e, a reference that is partial | yPcmase@ic®oens i s

i ncorporated by reference except for the partially inconsistent portion of
the reference). [0 2] Every forrrul ation or conbi nati on of conponent s
descri bes =2 § ofdilugreseent spoerRs i ¢lganand turkbid media nvent i on,

unl ess Wi wheq he

speci fi @ l ?‘?V%P@; ?dﬂﬁ?? ?errpe?é{fmégasiug@% bén%n\rfr@?'rogg Oté or a
conposi tﬂ)artlcles lmsaomies airi opticahagalysialdevice efrﬁhreque*sentrlnvgﬁbnamds subr anges,
as well as | Vi ues |nc uded in the r I ven are intended
to be inlésfeiﬁﬁ%’od fﬁfff‘m?d@?sfa”{i%ﬂ'if%“()ﬂ? Wf‘getfg‘oﬂ‘?ﬁf@r@ﬁg %regh&t 0 @MyiNsubr anges
or ingdi leﬁﬁﬁz'teﬁ/@hél@éul'aﬁP@otﬁ@é“@eS@ZO)ﬁHlbbﬁﬂg%léMuf@r 'saﬁ}neﬁ%gﬁ t he
description herein can be excluded fromthe clainms herein 4

patents laynpsmg@luban i(30% weight diltied i1:BQ)meraprising la(ﬁﬂalttenngrsempimil oQat | ve of

the | eve I i ch th entlon
pert ai nsérﬁ?%@}'g%gﬁ m(? @ﬁgﬁ@ {h%ﬁgé%ﬁ'gﬁfﬁﬁér@@n@ WASTUSE ﬁer einin
thei r engptical gotieei todirovitie dxbRatidrilight o tHdse michsagndéntshei r publ i cation or
filing date and it is intended that this information can be enpl oyed

herei n, PNeRIEEREPNSIY sarye teoreseentsRhesep Buihesatsames aalewias a he pri or
art 0 di ng, "
conltdal ﬁg&f%d’r’é@% %?%éc?eérrTg@g&g\}vé;‘gnrg\eabﬁga%?@ng?%gq U% p\cp)%ééht or?%gr\ﬁed and
does notarmdy:*.mdevmécbmpblymig a ﬂlnnmuté sameleesearirdngtimeet hod steps. As used
herein, "consisting of excludes any el enent, step, or ingredient not

specifl the cl aim el enent d her ei n onS|st| esse tlaIIy of

does noﬁaggﬂ ul]g'guﬁ% STios arb?xgpé%gy qfondTrsit h P@ﬁr%tlaf‘aq:d 'f'r@ the basic
and novedhowias prétasfitetal esums (b@ﬁ(é?l'nathg‘flubi’eﬁfé@l@e't@m?éi?)rBfﬂé?é@aany of the

terns "conprising", "consisting essentially of consi sting of nay be

r epl acedUirtion ef pagicleconaeatiatines generated Hﬁlng'lthé prewrttmeﬁhodsmslt ratively
descyy beghRESS! RS ShbAR!iX FigireE tRERSE BGRsy 'JRokiIReAPREDGS: RE ARy ©! ement or

el enént s,
range of concentrations examined. The results of this study demonstrate that

the present methods and devices are well suited for determining the
concentrations of fluorescent particles in optically transparent and scattering

samples.

20 [099] In order to reproducibly detect and measure even lower
concentrations, for example concentrations as low as a few particles per
milliliter, a correlation filter program having a pattern recognition algorithm
was used to analyze the fluorescence temporal profiles generated using the
present methods. The photon counting histogram includes contributions from

25 the background and effects of the mechanical rotation in addition to the signal
from the particles of interest. Simple data filtering (such as low-pass data
filtering) is not enough to achieve the targeted detection sensitivity,
particularly when dealing with faint particles in a scattering medium. The
correlation filter program having a pattern recognition algorithm recognizes

30 the passage of the particle of interest in the illumination volume during the
scanning and records the event as a hit, along with its intensity amplitude and
optionally its total integrated intensity.
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limtation or limtations which is not specifically disclosed herein. [096]
One of ordinary skill in the art will appreciate that starting material s,
mat er i al swore@gsmiss, synt hetic net hods, purification nmerhodsooanedeys i cal
met hods, assay mnet hods, and nethods ot her than those specifically

exerrpllflis can be e Io ed_in the practice of the invention w thout resort
to undud? B]erTQrﬁH@'H? eb’i’i‘e foefc“&?'f'e%@ﬁrpaﬁﬂﬁ'&f@@ﬁ%'t'%ab@ﬂﬂﬁﬂt%n of any such

mat eri al; ﬁst"f‘uﬁqeﬁﬁéﬁl%‘f@tl h av‘f'ﬁ\@d%%ll&?fptﬂ%éﬁ&%ldd?oé etebl ég? The

ternms an expressmns e been are used as ter
descri pt1bshawsl theotesoit dﬂam:cbraiendmhomdduh@esmdiywsmg the prisenhopticatl i n t he

use of such ter,ns. and ressions of e equi val ents of the
featuresar?Rmdﬁ}ﬁ'ﬁe&&@P?‘chpa&e“bﬁqqgﬁﬁ?nt ﬁ%&aly&&,t Hl‘é’turﬁ:"(jqrecog_ni zed t hat
vari gus émﬂ\isfé%aidrﬁl"@n afﬁ]e%ﬁﬁbéﬂ@fé’Vén*ﬂK;S‘athl@s‘f@@%téH L i nvention
clainmed. Thus, it should be understood that although e present invention

has beemmﬁtrﬂtl@amwe@ﬁeﬁel'ﬂyédﬁ By eppettedregule sineeiatdrigls and opti onal

be- 1 osortese Al e BroBafntPoh A o Bngds BREERRED TR BalibPEcati one and

vari at i qmtlaeen tansoldaied digsereativri incredsee. Jeopsrredt fohihe daveibhon as
defi ned é t he appended cl ai ns. Exanpl e 1: Anal ysis of Fl uorescent spheres

in clear® Rayyeyed, 'ﬁeﬂ'iaégf!tﬁy‘?’ﬁﬁéy@6PTQ¥'H%W%W‘PWftQPS§é\@§P§tW y nmeasure
the ONcaigd BR%iRholBH the bifisdith SR pEorfilg WlinedzaABRIHe devi ce of

t he present ent’l1 on was us o de concen ion of orange
f 1 uor escmnve fakirey edo abcﬁumlh"therplldﬂmmnnbab(hl\xbloecbyl sumpl%rdm&m,g tRe8820) in both

I buf f d I d. | ut 0% ht diluted 1:80
Compr <1 MRS Sy Fa PP KA. (8 BRIY SRPERERCobAGT LT Rlfew th a gr ooh

filter (RARORRIMO B@ﬁeéﬁ@r@f&%aﬂ\ﬁn@lﬁ’bﬁééﬂs i§ PlbBBd! Qn%@‘r‘é@%éa)fﬁé tation Iight

in these measurenments. Concentrations of orange fluorescent spheres in
t hese sdifgiagty isexcelienisdown twwwd@wev@nggh@awqaefewmerlmll),| a33$hcmm e

Camie SOAEThGS hifie POGRET! PEEMERs BRGBRAS A SRR TRORT Curr ant

hi st ogr aabcut @nki rginuee &as employed.

Example 2: Analysis of the somatic cell count in milk.

[0101] Mastitis is the most costly disease of dairy cattle. Estimates of the
total losses due to this disease in the U.S. are in the range of 1.5 to 3.0 billion

20 dollars annually. Since cell counts in milk are closely associated with udder
health, the somatic cell count (SCC) is accepted as an international standard
measurement of milk quality. As a result, inexpensive, reliable and portable
methods and devices for measuring the somatic cell count in miik are
currently needed.

25 [0102] The ability of optical analysis devices of the present invention to
determine the concentration of somatic cells in milk was experimentally
verified. In these measurement, fresh milk was obtained from the dairy cattle
research unit of the University of lllinois. Milk samples were diluted to 1/4 in
TRIS buffer prior to analysis. Initially experiments were performed on a

30 sample comprising milk from a cow undergoing treatment for Mastitis. The
somatic cell count corresponding to milk from this source was determined to

be approximately 1,000,000 cells per milliliter. In these experiments, ten
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shows a plot of total counts (peaks in the fluorescence tenporal profile)
as a function of particle concentrations generated using the present

met hods awo 2dewisems. As shown in Figure 8, there is a vecyuseadobicoear fit
over the w de range of concentrations exam ned. The results of this study

denonstrate that the present nethods and_devices are well suited for
det er ni nfifBioNEVerE medite allows analygis o€ dilwied sample hayingsapatical | v

t scatterin a es. [099] In order to reproduci bly detect

a;lgn?rgggcg‘?ﬂtec ) i FARENRY fr@Hﬁ@é‘H‘t‘?{ﬂ iQ?Hé pef }9?“— &%?Rﬂte"%o?@@ﬁ@@fdm-oﬁsyas | ow as
¢ . ey Lat F .

a few pagbefddiit (PRfonlX 1b0? Wa%rado%dctertgétsgfﬂéﬂgﬁ egéﬁﬁ%&ﬁé@éﬁ hER¥LNg a

pattern recognition algorithmwas use uorescence tenporal
prof i | esrupdurerthe egll membranes. gnesiditiongetiididsn bitmidpi{dMadeculauRtdbesg, hi st ogr am

i ncl | but | f t he .back d.and effects of t hani cal
ot att onEr RO At B AR s SR P Sl SetSoehlE I i o
data fil{fherdoreaticesie. akhd sydapetidiakPblonitieHsB8diates Wk DNWHIhe 0 achi eve

the targeted detection sensitivity, particularly when dealing with faint
parti cl eeelispwhesinitsdiuorrsasnge dsrenimaecethby el factiosef abpukiwvantygveim havi ng a

pattern | 14 orithmrecogni zes the passage of the particle of
I nt erest{hlg‘rl:] ?Wéa ﬁ?‘%jfj%}rﬂat I on vol unme during the scanning and records the

event as a hit, along with its intensity anplitude and optionally its total
i nt egr at o4 03t Bigsira § shoMBGn Exerepkry phetonheuredrftédstogeme genbhated @iyt er n

recognitjon algorithm, an insftrunent calibration was perfornmed usin
T oRRsctiRbrBseimetitios 28 & Bk saale CtBerRoTP Rl el T k

concent r glga@Bnitgl 3fith® RistdteYn HSFiErd DRISIRAGEHeRRIdF e SoltohtaBiodeVi ce

enpl oying pattern recognition data analysi’s. Figure 11, shows a saturation
of the nof esfent parficlépiartheamypled dicegenaratesa ukefut calilnationtcliore i ncr eases.

This is r |t since. at .high copncentraiion t.he probgbility of
the' st mL4TEBTERE A e doRisidfsBoRaFas SRLofRelRiEng s o
obser vat features i tasfsoredeerid te@iorhPprofiteareabishifiddPas affitive however, is
straightforward by decreasing_the vol une of observation by changing the

pi Nl e fetectien ehd sepwiicgielle, Figtire dPsheysa plotehtatakequsis dpeaksan

the fluorescence temporal profile about the threshold) as a function of somatic
cell concentrations generated using the present methods and devices. As
shown in Figure 10, there is a very good linear fit over the useful range of
concentrations examined. Furthermore, repeated analysis of the raw data

20 indicated that the linearity of the calibration curve is not very sensitive to the
choice of the fluorescence intensity threshold.

Example 3: Optical analysis of E. coli bacteria

[0104] The ability of the present invention to measure the concentration of
microoganisms, such as bacteria, was verified experimentally. In these

25  experiments, E. coli bacteria were left to multiply for several hours in Luria

Broth at a temperature of 37° C and 300 rotations-per-minute agitation in an
incubator shaker (New Brunswick Scientific, C24). A MOPS buffer solution
was then used for sample dilutions. The bacteria were tagged with Sytox
Orange, a DNA probe. Figure 12 shows the calibration generated from

30 fluorescence temporal profiles corresponding to the significantly dimmer
fluorescence of the bacteria. As shown in Figure 12, concentrations well

below 100 per milliliter are able to be measured employing a 1-minute
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curve taking into account the pile-up probability, or by sinply diluting
the sanple prior to optical analysis. In the |ow concentration part of the
curve, howewess/osms3correction for saturation effects isproeaseas/ 04596 hi s
regime, the linearity is excellent dowmn to very | ow concentrations (few per
m ), as shown by the inset in the figure 11. For these neasurenents, a
scanni ngSQaﬂfénQ)%"‘@odﬂtadﬁﬂ@ﬂnmﬁjﬁ@ﬁwaﬁe@ﬁ@ﬂﬁyé@.’ta Bralypisealgo parfarpedis of the

somati c h LDl | titis hsS ¢ t costly disease of
dairy ca%'ﬁl'rg.eﬁ%g] %?r%lpse'g g'igl,{r%gl%?%%o é"&%o%ié@ph@gepﬁs{sﬁ?%mm'%‘ease in the U S
are in tintensityglistabutiord), which derhohbiratesdné ladility shihedre¥entSneamdeel | counts
in mlk ar rsipOCi ted wi th udder health, the somatic cell count

[ |y . neal 1
(Sco) i st egﬁﬁzgﬁfﬁ%'%g asae andhelr dntensdy distrbWioReasur ement of nilk quality.

As a result, inexpensive, reliable and portable methods and devices for
measyy i NBxAdISHTEDpfcH e SRINGT AB pibtelh SiGreqlidsent | y needed. [0102] The
ability of optical analysis deviCesS o rese I nvention to determ ne
t he concBHlQ5gt Agoad pf thenpresentigvestiomisntol detesisarekmensurenthal | y verified. In
t hese ne fresh m |k bt ai. ned, fromthe dairy catile research
ani t o CHEeElkns of G3GeBeid ot BT s apEeS e bediv 2 T
TRI'S buffigits pocsvalgata it ¥ppficatidh bf el pressMEnVERIYNS tNeABiliBESf aeMed on a
sanple conprising mlk froma cow undergoing treatnment for "Mastitis. The

somat i ¢ RESENEBDFA @pRlvaisrRMiresand Matheds iomeesuts lowueercandiatianser ni ned to
o a8 B itel S M1 S BlbGmRRC whEeliibl Bxpelieh S SxPrL Pont >

tendilutro o”al "'ow analysrs 0 sanpl e havi ng
somatic cell counts ranging fromabout 106Cells per nL to about 10 6 cells

per nm _.[0406¢t Eecghrospimal ﬂdels}:(mnD@sl lfmasﬁr;gddédelfwdishase;_anplm-pr ih_o(rj_ to

I cal WAY 1 t.h N I tion, ethidium
br om de PRGTIR, Foritbet Btk ebtamedcs! aulEPsHaEy SADRNSEh CemreTaBPon of | 10
m cr onol pésthmrténwmtéﬁﬁtaﬁr&:m hiSRpéret IBBeRARH flusRsksin- Epﬁ"ﬂj'gg -gHi di um

brom de associ ates w DNA in the cells, wher_eln its cence is
enhanced(fly#23 (Raaspsc, dic. haadiassayad by 5§ aceardingftotrhethiodsembdified

15  from Pitschke. Two photon excitation (780 nm, Ti:Sapphire laser, mode-
locked, 150 fs pulses, 6 - 9 mW at the sample) was employed to reduce
photodamage to the probe and better define the sampling volume. Detection
was with an EG&G model SPCM-AQR-15 avalanche photodiode operated in
the photon-counting mode. The laser illumination was focused on a 10 pl

20  sample droplet in an 8-chamber slide (LabTech cat. 15541) through a 40X
NA=1.4 oil objective. Single molecule detection and correlation analysis of
fluorescein and fluorescein - lysozyme were used to calibrate the instruments.
16-bit data sampling rates ranged from 16 - 32 kHz to discern single molecule
events.

25  [0107] FL-42in 10 mM NaPi - 0.2% w/v SDS, pH 7.5 was diluted to 100 nM
and 0.02% SDS in the CSF sample to label the endogenous oligomeric
complexes. Large bright particles were observed in the AD samples above the
free fluorescent peptide background. Neither the unlabeled CSF samples nor
100 nM FL-42 in 10 mM NaPi, pH 7.5 generated the large bright oligomers

30 observed in the labeled CSF samples over the time of the measurements.
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[0103] Figure 9 shows an exenpl ary photon current histogram generated by
the present nethods for a mlk sanple containing somatic cells. The

br oadeni ngoahoddse2sdi st ogram in Figure 9 clearly dependsPam/ush@e/004696
concentration of fluorescent particles in the sanple. To generate a useful

calibratjon curve for this system a fluorescence intensity threshold was
set est atfl108hi hhelpioerbrichi oligervernwerredetegiichas Barecventp @stimatedf i | e are

ol ot o (r2er ERRAMIR T TRBs? larBe BBIts Bhsor Wb EnY < *about "t ne

t hr eshol doshef thef semplinntimk waswbltingdsitveenevents, 3Vé wouldangsipaed using the
in Figure 10, there is a very good

pr esent ods and devices. As shown . )

| i near f{lr'\%t[ i}?ﬁePo@" @%‘Q@fQﬁOW&Hﬂﬁe@fat&%h%%ﬁ difnsioaafligemersur t her mor e,
repea ed | A3 Walol . : ' ity of the

cali ?} at \{vgﬂfélcﬁué?\'t;gre?fsayﬁgtér {é/g‘ﬁﬁ‘géﬁgr%{%ﬁ{nﬁﬂﬁ\ga@ﬁgﬁgg{dgi%ﬁ%e fl uorescence
intensity threshold. Exanple 3: Optical analysis of E. coli bacteria [0104]
The abi |{Q1>09Ebflrtqmr@leprt@sellﬁctienoegln evantsdormake meanfirgfubcarapansdrison  of

' i . ' . fied imentally. |.n these
oxper | et de08ra BESFLA GinnlfiF paEidighg e BEsref 30 iibedieMonr o i n
Luria Br%lbw@seﬂnﬁl@ﬂ{mﬁi&i ret&iniig tBé r@s@ﬂﬁoﬁ@@dfsﬁhgﬁﬂcs:g};idipgham nute agitation

i n an i ncubator shaker (New Brunswi ck Scientific, MOPS buf f er

sol ut i onMRtecWeRe YV ke scapningrihe copfoaal iroage connunusiermonitagaceat agged wit h
P - ; . <<
Syt o) O @dfe & A4, [%fc%hﬁﬂgﬁhi%‘fé@al@&*lﬂ‘g{s 28%%?%}:@8@?3“&% @@g?[@‘t ed Trom

fl uorescence tenporal profiles correspondin di nmrer
f 1 uor escesee pefiotrsantzied enidumAfshodrpli Rasieggeandig 49 Xasnirman ixons wel |

bel ow 10 er. . mlliliter are able to be neasured enploying a
1- mi nut egcgg‘r‘i’nﬁcﬂhn} tT‘ﬁ'}a'S 'I”n?HB'H'inPT%'ﬂ,enttsf?@n%WP Wat4D Bked for data anal ysis
al so perforned an intensity analysis. Figure 13 provides an anplitude

hi st ogr a[p161i0] eFigués NaABNAN 413 EhEWiuBRYscaNebtBmBBrRNFLIRS &5 ddMirgrli | i ty of
the present nethods to classify particles based on their intensity
di st ri bugRdAD ssaRpiEse respechvely apbtaistescisiog acfonseniioralsicanaiggr egat es: [ 0105]

A 90?5' Oéorjffgce,al%ﬁgggopierﬁ/pee%{iﬁ)&ini ’c%vot Shéjtghee%(tcitg’cri]c()jn Mode. rl-elgttjrr(]ae1 4A
corresponds to static- control & AD (20 min) and Figure 14B correspondence
to 3-D AD sample beam scan (XY raster scan + z-step; 90 sec. The intense
spikes in Figure 14A were interpreted as large oligomeric AR complexes
based on their slow diffusion, as indicate by the measured peak widths. In

20  this small sample of autopsy CSF samples, the control group (n=22, average
3.105 + 0.648 peaks S.D.) can be distinguished from the AD group of subjects
(n=18, average 6.053 + 0.800 peaks S.D.) at p=0.00346. Although the groups
are separable, the populations overlap, due in part to the small number of
events observed. The 3-D scan shown in Figure 14B was converted into a

25 quasi-3-D image. Figure 14C shows a quasi 3-D image generated from a 3-D
scan, and indicates number of large fluorescent oligomers (elongated white
spots).

[0111] The correlation filter program having a pattern recognition algorithm
was used to analyze the fluorescence temporal profiles acquired using the
30 present methods and devices and to determine the distribution of sizes for the

elongated particles, such as the Amyloid B polymers and aggregates. Figure
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concentrations of aggregates of proteins in biological sanples, such as
bodily fluids. To evaluate this application of the present invention, the
ability oboth&/(ssmsent optical analysis devices and net ireuiasc@onessar e | ow
concentrations of aggregates of Amyloid b oligoners was verified
experinmental ly. [0106] Oerebrosfpl nal fluid sanples from Al zhei ner's di sease
and agent? BretresA cPEe!alio; Riet of agaregaieroaceatiatior and sizegfonthe n=21 C

aver age Bl s) were |abeled with fluorescein- hunman
Ab( 1- 42)&?]?—[{%? Ei/knéaéi;ﬁggw@ﬁnc%rﬁgﬁé' assayed by FCS according to nethods
nodi fied from Pitschke. Two photon excitation (780 nm Ti: Sapphire |aser,
nmodel ocki@d12] SExdmpleubs@pticél Andlyzantiavinda MalmmSl&)CcmfecarMm’;wd fobo reduce
phot odar@ to the probe and bett er define the sanpling volume. Detection
was Wt KalagHR ) 2BSHHIWIASG BININesS, e B4i ode operated in the
phot on- count| ng rmde The | aser illum nation was focused on a 10 mM sanple

dropl®t fjo118p @E d?ﬁé]’@ﬁbpﬁbél%aﬁﬁ@'?é" aaf aﬁatysuslﬁr'é%as éﬂh@tﬁﬁéséht‘lox NA=1 . 4

oi | objective. | ecul e detection and correl ati on anal ysis of

f1 uores c@verntepmumllzl@oa aud%ﬁht corfger) ApeeurR pptical @onfigurasionb Autady zeie

Sinol o ) His, Rl b AeSBEb VRl Safe 4T B lRuho e Reo s o 7 5
was di | uarediot Uajb@tarny@adlcﬂ)eé)W@SBBsemdtlbﬁ Vahikme pimpdddlition tapelvidihe

endogenous ol i onerl | exes. Lar e bright particles were observed in
the AD sERBPWSE Pﬁét ¢ 6@N¢anictie ceﬂﬁt'Clg?ewngae%an dios 8. Nei t her the

unl apel egh g%gtef%%r?STH%rfuﬁeﬁbrffl\/:aEbeﬁtzof'tﬁ%é? %g\qég@:’ dntioRA16w? fBpnerated the

| arge bri | gorrer s observ t nples over the tinme of
t he nmeasacatmatetapticall88jlysiseudiray @ege)obgenvabd)mgmlamemeretiyteeabmg as rare

G 11 usec VT RS maCiPSPOLRE Y agtical REeoR 86, e EgPelondtn cvent .

W woul dpaitleGidaitich Ahdlor trfecEsHyh ﬂ?é§e0é‘rn96din‘?éfht§‘bfﬁ6\ﬁﬂé§ 8hhamcand sl ow
diffusion of oligoners would require days for a single determnation with

suf fi ci esRnsifivityifer detecting padiclesand gharacterizing partickasouginrespacts to nake
mean} N9 ko iRERAHLEANE h position information acquired during analysis removes

and/or minimizes uncertainties relating to the absolute intensities or

- T u.ln

brightness of particles detected.

[0114] In this embodiment of the present invention, a multi-slit confocal
aperture is provided between the sample and the photodetector such that at

20 least a portion of the fluorescence from the observation volume passes
through the muilti-slit confocal aperture prior to detection by the photodetector.
As used herein the term “multi-slit confocal aperture” refers to a device
component comprising a plurality of slits and/or pinholes, which are
symmetrically or asymmetrically spatially distributed in front of the

25  photodetector and which allow at least partial transmission of incident
fluorescence. Multi-slit confocal apertures may have any number of slits
and/or pinholes providing accurate optical detection and/or characterization of
particles, and the slits or pinholes provided may have the same or different
areas. Use of a dual-slit confocal aperture (i.e. having two slits) comprising

30 two confocal slits having substantially the same slit areas (e.g. within about
10%) is beneficial for some optical analysis applications. In embodiments of
this aspect the present invention, the multi-slit confocal aperture may be a
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mnimal time, several beam scanni ng paradi gns were tested to increase the
vol unme sanpled while retaining the resolution to distinguish individual

nol ecul eswoWadnsuissscanni ng t he confocal inage conti nuokshyseaaioomped a
volume of ~ 1 fl. Scanning the focal point in a 20 mmdianeter circle with
a 4 nsec period sanpled a volune of ~ 5 pi. Raster scanning 45 X45 mmin
XY and 600mpPReRs@isa pﬁnfycmmlcﬁ@smt@sgfahmugusm cordogal apedules foFi gures 14A

and 145 SO 4 UeBRSERERd SAOKAl BNl L oA oSRILIE Ak ARyRITP 25

respect ively conven scan

operati ngndths selecptbover mecrahgéIoﬁabommlﬁbglibabb@ﬁmorrﬁ@m&tt o static-
ure 14B corres ondence to 3-D AD sanpl e beam

| & AD ' d
ggghr?XY Feag‘ﬂliﬁ%g’&naér?egan %’Fﬁgmw her by distaneaseelepiedaver thes gure 14A
were §nt %r@eeéﬁsb&&dﬁfcgsngkd 965R 300 MRGXTPURKAR MARSH; BinibBal I s! ow
di ffusion, "as indicate t he neasured peak w dths. I's simall sanple of
aut opsy M@mﬁbesomer@mloahmm oltheypesgentdaverdicer egrplsd APpluralty648 peaks

o 053 00580 PSS metioululBitaduet lohEorchpRBCBRpt "ar o' sopar abi .
t he popul ati ons overlap, due in part to the small nunber of events

observed[omm@ BrﬁBeS;Q@BeﬁhMyZéTs@r@%r@lﬂs‘i@nﬁ&ﬁo@@é%ﬁumﬂﬁlt tOhfecal quasi - 3-D
i mage. gure 14C shows a quasi 3- e generated froma 3-D scan, and
8

i ndi cat e3PRILWISIP U@ﬁd|’fare@§\aﬂpa6%6@&%&?\Inﬂ%ﬁogmﬂmmryﬁ@@mamtqr@s pot s) .
[01144 TBPﬂlf&E&@érgtﬂa‘?ﬂclEé \fifel regﬁ & t?%gﬁgh{éq o?ﬂ?% Iltuﬁ{aﬂ?tr cgf §%I?l?é | on

al gori thm was used 't o anal uor escence €s acqw red
using t h@hmpesmrtt mtdtlifahﬂsoaﬁlgilrdmm emlwﬂnhbmﬂeklﬁsﬁm fient bka dirgjle.i but i on of

h t ed ticl | oi d b pol yners and
Zlg;rGZga?rBEtt Eﬁ&ﬁﬁgseﬂp&ﬂspar@gggéesimlﬁ QW%WP'WQ){” ‘Pr(‘);ﬂgﬂ %‘85&% concentration
and si Zedéfébtdrhff—'l%g@%rﬂm SaEp §«§1e’?ﬁz§h6§|2 fllﬂgtr%?é@éﬁ& COBQ%} gg%( fple 5

Vi e ter

Optical Analyzer ng a Milti-Slit Confocal ertur
Local i zasingle- %lﬁ@ndnnulthsllt@oafdc@hap@i@resem memomermmven[ucm far3] Optional ly,

opti gal a%lr%ﬁﬁﬁgf paPcPcIQB%XBhg anﬁ}or? rajec cf)rleteshfﬁ e es.ervatlon volume.
Figures 16A and 16B depict embodiments of the present invention using a
single-slit confocal aperture and Figures 16C and 16D depict embodiments of

the present invention using a dual-slit confocal aperture.

[0116] Figures 16A and 16B show a first particle trajectory (16 A) passing

20  exactly in the center of the confocal volume and a second particle trajectory
(16B) passing away from the center of the confocal volume. Figures 16A and
16B (top of these panels) also indicate the fluorescence temporal profiles
predicted for each single slit confocal aperture configuration. A comparison of
Figures 16A and 16B shows that as the particle passes away from the center

25 of the observation volume, the width of the fluorescence temporal profile
increases. Therefore, measurement of the widths of features of the temporal
profile provides a means of determining particle position and/or trajectory.

[0117] Incorporation of a multi-slit confocal aperture substantially increases

the precision and accuracy of measured particle positions and/or trajectories.
30  Figures 16C and 16D show a first particle trajectory (16 C) passing exactly in

the center of the observation volume and a second particle trajectory (16D)

passing away from the center of the observation volume. Figures 16C and
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invention utilize a nulti-slit confocal aperture optical configuration.
Anal yzers of this aspect of the present invention are capabl e of neasuring
t he positwonoensimss traj ectory of particles in the obsercatiseoncwoicasre, in
addition to providing neasurenents of particle concentration, particle

bri ght ness and/ or size characterization. This functional aspect of the
present ilBRiRR ohithase paselsd alsgindioate thapfluarascencs tpsporakprojildsar ge

Qoser v pRRAca i ESeh HOSLIPLORRRR) LRg @B o Rbfrton, TiBFrSR0E & vo' Ve

during o scanni n termna € pos nd/ or

traj ect osjows thdfte/sleereﬂmmeletmsyee\emeﬂy ﬁnbagnmb semeroftig y for detecting
particles, and ﬁgar acteri,zi parft icles wth respect brightness because the

posi t i onOPREYAHRR VBIYME H&- tiR) caniocapvaluamey thestenaprrabrrafiRiisor i ni n} zes
uncers ai eﬁér%%térﬁzbgtﬁ;{lg«ftlgfhhéa@@gﬂ) gfggké ”A@W?d.&??t%a iA'Fi esgﬁ%rﬂ‘ess 0

particles detecte odi ment the p I nvention, a.
mul ti - sl howewelf, teatwapeaks bmaderpamﬁ/evmuubl@t meege imha smg‘r@lbeoampealhe

hot odet . t hat _at | f th
bbscr vat | BB IFGUREREERcs (BaRTH PRETRARENS SRS BAIRSUSIY TARERS ur 6 pri or to
det ect i ogway fidie ti 66 MEEbEHObbsAFatitiPRoINRTES! This BRANSRION fréf!tivb- S! i t

confocal aperture® refers to a device conponent conprising a plurality of

slits anﬂﬁ@ks 9 aEots peahircthediuoregeanserteoworgl profilesyenisiesi xaséfyl spatial |y

L ankh s =gy hAfctdtaiby Palitde BERMES Po oL R ol “apertur by

have anyembodiment farléxasnplediner saparidres tine viethdsn pesks #t gnopt i cal
detection and/ qr char acterl zation of particles, and the slits or pinholes

provi dedChe§IVad JempREal Piplle sorgspeadliagto graiwen detastion eyeatiis usad to conf ocal
aper tur eq&{ant‘ﬁatl Y cRgrdd z% {H Z%s (51’ tﬁb rﬁé’l@ nﬁ:ﬂﬂ{ 8§€%rv§ ibfy S _having

substantially t e’ sane |t ar |n ab I'S beneficial for
some opt velamea(far @osansplapthe pasitiomsf thenpmlblechlmmgltma Zfa)tmas shep@dh t he

pr esgnt nvent slit confocal aperture may be onponent of a
conf ttal lﬂ uey 3?8013%[5) liJL’sréGF hmerﬁﬁﬂe]ra ng {W%HWHBQI'” aﬁ%m&#@&mﬁ“ﬁ sone
appl i cat hediredf uing amaResIit CoRKRIM bPBrGRBItIcREg8oRk b{nﬁ gf slits having
wi dt hs selgdélgt ed ovgr t he range of agout 5 mcron toﬂg?r 00 m crons that
important information useful for measuring particle position, partlcle trajectory
and/or brightness intensity with enhanced accuracy. Changes in peak shape
and spacing observed using a multi-slit confocal aperture optical geometry

20  may also be used in the present invention to determine particle shape.

[0118] When a particle passeé through the observation volume, the
measured fluorescence depends on the intrinsic brightness (or intensity) of
the particle and the specific position of its trajectory in the illumination profile,
the brightness being higher closer to the center of the confocal volume. In

25  one embodiment, the system is capable of analyzing different fluorescence
temporal profiles generated using the multi-slit configuration (for example by
measuring the separation in time of two or more peaks in an observed
temporal profile) and properly assigning the position of the particle along the
Z-Axis (as identified in Figures 16A-16D). Once the particle position along the

30  Z-Axis (as identified in Figures 16A-16D) is known, the particle
intensity/brightness can be calculated with enhanced accuracy. Using this
new approach, there is still indetermination, reflection symmetry with respect
to the focal plane, which does not affect the calculation of the illumination
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are equally spaced apart from each other by distances sel ected over the
range of about 5 mcrons to about 500 m crons. Useful multi-slit confocal
apert ur eswbanocasmms3appl i cati ons of the present inventi ORCTAISPINCHEIA6
plurality of slits that are symetrically distributed in front of a
photodetector. [0115] In the present analyzers and analysis methods a

mul ti - sl intensiy dﬁbﬁlysﬁ)@f tamrorpkpipditas genasateshusing Remuidirslit gonfadabn of
positio respect to the
center o theelocht c?r}x wﬂ?@pﬁ?gha%‘éa%ﬂ{&ﬁ h\bﬂ&&%%{qo}aéonfi guration
enpl oys imoluding, ebua‘.lnot Bmltedtas pattenfre@ognmgheiamdnaheﬁsrsetebbmqu@s opposed to a
single sl,it 05|t d in front, of # | e detector. Figures 16A - 16D
schemat i 3 tpﬁqup 5?%@a§han@¥ﬁ§é¥E§' eAtAN COTFR|AHOR SPECERREARYI t i - s i t
conf acal mapfidgur es |n the present invention for deternlnlng particle
positions and/or trajectories in the observation volune. Figures 16A and
16B depi ct enbodi nents of the present invention using a single-slit
confocal aperture and Figures 16C and 16D depict enbodi ments of the present
invention using a dual-slit confocal aperture. [01 16] Figures 16A and 16B
show a first particle trajectory (16 A) passing exactly in the center of
the confocal volune and a second particle trajectory ( 16B) passing away
fromthe center of the confocal volunme. Figures 16A and 16B (top of these
panel s) also indicate the fluorescence tenporal profiles predicted for each
single slit confocal aperture configuration. A conparison of Figures 16A
and 16B shows that as the particle passes away fromthe center of the
observation volune, the width of the fluorescence tenporal profile

i ncreases. Therefore, nmeasurenent of the wi dths of features of the tenporal
profile provides a neans of determ ning particle position and/or
trajectory. [01 17] Incorporation of a multi-slit confocal aperture
substantially increases the precision and accuracy of neasured particle
positions and/or trajectories. Figures 16C and 16D show a first particle
trajectory (16 C) passing exactly in the center of the observation vol une
and a second particle trajectory (16D) passing away fromthe center of the
observation vol une. Figures 16C and16D (top of these panels) also indicate
the fluorescence tenporal profiles
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predi cted for each dual-slit confocal aperture configuration. Figure 16C
shows that when the particle passes exactly through the center of the
observat iwo 2o@losms3(i . e. the confocal volune) the tenporalr/yse@kbiobs96 s
characterized by two identical sharp peaks. As indicated in Figure 16D,
homever,v\{enh‘_g fwo peaks broaden and eventually nmerge in a single broad peak
(16D) in afMyor escence tenporal profile as the particle trajectory noves
away fromthe center of the observation volunme. This transition fromtwo
peaks to a single peak in the fluorescence tenporal profile provides a
usef ul nbaAsdefice faranslyring padiclesiniscéamples shidoste\dcel tomptisimgect ory. 1 n one
enbodi ment, for anple,.the separation in ti et ween peaks in an
observed tempd? gfreﬁggf)?ft@ﬁlxgrrapégir@ﬁ'hPﬂ@taf'}?rfogFQ@W%%ﬁ“a@?f‘Hﬁeevent is used
to quantitatiysitdi saigtRirti@es;t he position of the particle in the
observation volune (for exanple, the position of the particle along the
Z-axis as shown in Figure 16A-16D). The tine separating two maxima in a

t enporal prof} j i | tJ =slit .confocal aperture optical
geonet 1y pr ovihEBAEAHL R I dsePade Slcidiubg iBRMRE RnBlRhgomafti o e
posi tion, parsarble, therebgcauyingadiast brpdtiones saidpatisliek o WehBrgtghanced
accuracy. Chaﬁ] es in qpeak shape and spaci ng observed using a nmulti-slit
confocal aperf4YRf€SePRG®al geonetry may al so be used in the present
inveption to determ ne particle shape. [0118] Wien a particle passes

t hrough the observation vol une, the neasured fluorescence depends on the
i ntrinsic brigmearssfof oolléatingrfiorggcentcetfium mardbsareatiomdvdlomespeci fi ¢

position of its.trajectory in the.illumnation profile, the brightness
bei ng hi gher %‘P%ﬁ%’?éfwnﬁ\%sad%ﬁ?%ﬁa'rlﬂr'the confocal volune. In one

enbodi nent, the systemis capable of analyzing different fluorescence
tenporal profiles generated using the nmulti-slit configuration (for exanple
by neasuring @ Reansder maving saidicontainer, thereby tramspopingkat leastsn obser ved

the 3 i & (Ao EARLERRE K BT ToB AR obEEy R0 YoRRE i T 61 e posi tion -
along the Z-Axis (as identified in Figures 16A-16D) is known, the particle
a photodetector in optical communication with said means for collecting
fluorescence for receiving and measuring intensities of at least a
portion of said fluorescence from said observation volume; thereby
20 generating a temporal profile of said fluorescence.

2. The device of claim 1 wherein said means for moving said container
rotates said container about a rotational axis passing through the center of
said container.

25
3. The device of claim 2 wherein said means for moving said container
rotates said container at a rate selected over the range of about 0.1 revolution
per second to about 10 revolutions per second.

30 4. The device of claim 1 wherein said means for moving said container

provides translation of said container in a vertical direction.
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intensity/brightness can be calcul ated with enhanced accuracy. Using this
new approach, there is still indeterm nation, reflection symmetry with
respect twothe/dsemsal pl ane, which does not affect the cacauisaticomeos the
illumnationintensity. Analysis of tenporal profiles generated using a
multi-slit confocal aperture optical geometry may be analyzed using a
vari ety ®f net®devicecriaiaig, 4 phereiptsaid meads foF maving saideecwyainer on dat a

anal ysi SydGERIY Aveits sRROLARARRNTL Ao LABHAIAML Vg @9%@@3@ ation

correl ation spectroscopy ne C evic ng

parti cl eseritimetessappt secori 1@ atout Scentimatérsi pey:seaondt | east partially
transparent contai ner for holding said sanple containing said particles; an
optical source for generating excitation light that is provided to said

sample, §her epie @IRNG BlaitAYihcReiidid Hledfs 8 MaWRd beleeotiargener at e

fl uorescence; a neans for collecting uor escence an observation
vol une py¥BiUltroaedsivirelates sad vedisatlninverts saidreanigifesr novi ng sai d contai ner,
thereby transporting at |least a portion of said particles through said
observation vol unme; and a photodetector in optical comunication with said

means fof. col Ties tevigeldfusaias ¢ alitteinosaid @A6ANS Rt AORNGRATY EORGrdMiensi ti es
of at least a portion of said fluorescence from sai d observation vol une;

t her eby EIEPRSMIGhES @IREHPERICS BF anigceepiricdalaling platecdedere. 2. The device
of ¢j@im1l wherein said means for noving said container rotates said
contai ner about a rotational axis passing through the center of said

cont ai ne.. 3.THddederiofelaifn tivhicreild seltbmeians $ai cbilseting flloresteritagy sai d

cont ai ngtr ro%?é eé sai con{ ai ner at rate sel ected over the range of about
0.1 revofUNiSGP PRFCVALER YOG SR LONIOCRLIOSERR per second. 4. The device
of claim1l wherein said neans for noving said container provides
translation of said container in a vertical direction.5. The device of

cl ai m 4 Sher elhe devigerafniaini drwhereimegid aipdicabsowiiceegenerates excitation

15 light that is spatially collimated.

10.  The device of claim 1 wherein said observation volume is positioned a
distance from a wall of said container selected from the range of about 100
microns to about 2000 microns.

20
11.  The device of claim 1 wherein said observation volume has a volume

selected from the range of about 1 x 102 um?® to about 1 x 10% um?®.

12.  The device of claim 1 wherein said means for moving said container
25 passes particles through said observation volume one particle at a time.

13.  The device of claim 1 further comprising a processor having a pattern
recognition algorithm for receiving and analyzing said temporal profile
generated by said photodetector.

30
14.  The device of claim 13 wherein said pattern recognition algorithm
matches features in said temporal profile to predetermined patterns, wherein
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vertically inverts said container at a rate selected over the range of
about 0.01 centineters per second to about 5 centineters per second. 6. The
devi ce ofwolasamsizsaher ei n sai d means for noving said CORCAIUIRLN06/004696

simul taneously rotates and vertically inverts said container. 7. The device
of claim1l wherein said neans for noving said container is a notor,

swi t chi ngpid| predetenminedopatiernscearresnondrtot thei tige plenandgnt ifiioreskentde devi ce

obser var T Qe Es BRRHRo1RForel 8 BhBea SR ERAR Ce of ol m 1

wherein said optical source generates excitation light that is spatially
col I'i mat gd. 10. The device of claim1l wherein said observation volune is
positi ont® a Hheregvee 9fomlamndrt wWhreraln; gaidoRreqetermisiede Peliars @@t he range
of abpoutgy o Asiregndbout 2000 microns. 11. The device of claim1l
wherein s%tlgﬁ“c[ﬂ?servéltn%grﬁvol ume has a volune selected fromthe range of
about 1 x 102 mmB to about 1 x 108 mmB. 12. The device of claim1l wherein

sai d nea f noyVi N ai.d cqpt ai ner passes particles through said
SR e NN AN S8
further &9smiisbnsaid BARASSHOfIAWHES the mﬂbl Sttiés ra%%%wgét%)%noﬁhﬁerdft hm f or

recei ving and anal yzi ng sai terrﬁoral profi generate y sal

phot odet ®eét predeterminetk patieirc andfihe ltampold prhfilecane withih plboute2t % @fogni ti on
al golrd' t hg&ﬁéﬁ,@fs features in said tenporal profile to predeterm ned

pat t'er ns; 'nsai d predeterm ned patterns correspond to the tine
dependent fl uorescence intensities of particles passing through said
observation val une., 15. The device of claim 14 wherein said predeterm ned

pat t er ns1ére Hoe evicaerf daipr B nerein apredefermingdceatiernds Anatchsd dper Iei n V\,ﬁ
. ; : ol
pr edet er graad paf L454 Q§@P8@gﬁ8§@ Wﬁeﬁtﬂe}e@mé %5 ‘ri’ig% gfécﬁjetgﬁ%%jie{t@r I1e when

the intensities as a tine o ermned p ern and the
t enpor al carelbidsewith thentimiei of fiplousf £ Padtichs passihg tirbagh said observation

15  volume.

18. The device of claim 13 wherein séid pattern recognition algorithm
counts the number of matches between features of said temporal profile and
said predetermined patterns.

20
19. The device of claim 18 wherein the number of matches between
features of said temporal profile and said predetermined pattern is
proportional to the concentration of said particles in said sample.

25 20. The device of claim 13 wherein said pattern recognition algorithm
matches features in said temporal profile to predetermined patterns, wherein
said predetermined patterns correspond to the time dependent fluorescence
intensities of particles passing through said observation volume and wherein
the width of said predetermined patterns matched to said features in said

30  temporal profile is proportional to the size of said particles.

21. The device of claim 13 wherein said pattern recognition algorithm
generates an output comprising a histogram of matched features having
different total integrated intensities.
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17. The device of claim 13 wherein a predeterm ned pattern is matched to a
feature of said tenporal profile when the width of the predeterm ned
pattern cwonreécases3swith the tine of flight of a particl ecpassecagoichs ough
sai d observation volume. 18. The device of claim 13 wherein said pattern
recognition algorithmcounts the nunber of matches between features of said
tenporal profile and sai d predeterm ned patterns. 19. The device of claim

18 Wher pregﬂ?é‘%@%& S8R Sl LR i ﬁ%oreébgnty[ﬁ%%[l profile

and sai erm ne a ernis ropor rona conc ion of said
particl epmrtldes,andtrmamallye fl2@resddret dmriudes obr chathmfllidredrendy niasbailel pattern

recognltl ri.t hm mat ches feature n said tenporal profile to
predeterﬂﬂ %&gt'%v'ﬁ§'ca&%g‘l‘%reﬁ0§'aﬁ BG%P'I@aeterm ned patterns correspond to

the ginme dependent fluorescence intensities of particles passing through
sai d observation volunme and wherein the wdth of said predeterm ned
pat t er n&3mat cHeal deviosapti clabat lirwherein saidi pastigies srepselected fronpthwpor ti onal

to the gsj S articles. The devi ce 3vvher Ln said
patternglféﬁg Pl{lﬁ%ﬂ“gﬁ Or??lﬁ \ﬂéf‘?eqsat Qgctgﬂa LRrBfﬁm%OIQBB}Ié?%’g Péio "%togr am of
mat ched dppégates; haigondcldbfidey, e DINA ODNApbRE %&dplbﬂé@nRNAeﬂ?ﬂR The
device of claim1l wherein said particles are fluorescent lrﬁgll abel ed

parti cl é¥otaimt epmplaxgs| yspheaiese suelalliconariidess reagmeiih partielesscand | y
I abeped a??fbmglc%itﬁg é _ri nsically fluorescent particles. 23. The device

of claim rern sard particles are selected fromthe group consisting
of : cells; V|ruses bacteria proteins; peptides; protein aggregates;

ol i gonu eot | protein conpl exes, RNA, R tei n, conpl exes,
spher es; 4i"ret a ‘? E’eYJﬁ? of E'llae'ﬁ 1 Wﬁ%r@é'i’ ﬁ@'dp%ﬂrl plEPES @ QWH’%F%‘(R} t&oat ed beads.
24. The device of claim1 V\,her ein said container is a cylindrical cuvette.
25. The device of claim 1l conprising an additional photodetector, wherein
sai d phdtvdetBue deviseldd clairel wodwirising ahl addittoread phetddedectoni whetesrer vat i on

15 said photodetector selectively detects fluorescence from said observation
region having a first wavelength distribution and said additional photodetector
selectively detects light having a second wavelength distribution, and wherein
said first wavelength distribution is different from said second wavelength
distribution.

20
26. A device for analyzing particles in a sample; said device comprising:

an at least partially transparent container for holding said sample

containing said particles;

25 an optical source for generating excitation light that is provided to said
sample, thereby causing at least a portion of said particles to generate

fluorescence;

a means for collecting fluorescence comprising a light collection

30 element in optical communication with a first confocal aperture and a
second confocal aperture, wherein said first confocal aperture has a
cross sectional area that is different than said second confocal
aperture;
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region having a first wavel ength distribution and said additional

phot odet ect or sel ectively detects |ight having a second wavel ength

di stri butwonpocaseesaher ei n said first wavel ength di stri becirars2e0s/00icbé er ent
fromsaid second wavel ength distribution. 26. A device for analyzing

particles in a sanple; said device QonPri sing: an at |east partially
transparent cdiral pletodeiectas fen defesting flyargscenes from aifingf ahsetvationt i cl es; an

opti cal sour f 7 i : k i i ] i ided to said
sanpl e, ther g@g}“@%dm rllg ”a%:d \P@ja{fs%;gggot g%'?ttglm(ér'; %]Hglgéllﬁh%c?qeﬁ%&é to generate
f | uor escence; pasitiezetstdl deteciolluczescenyef passirestheosgh saidifirsiséorgoeall | ght

collection elenent ip optical cagmunication wth _a fjirst confocal aperture
and a second %%?{?%Ea{heé QW%?RW@EE?%%&?%\%P@‘?GQ idcal aperture has a
crosg secti ongloras@shddhat is different than said second confocal aperture;a

first photodetector for detecting fluorescence froma first observation
vol unme positioned within said container, said first photodetector

positioned to,det | ..ng .t hrough said first confocal
aperture, thef gso%f%égrﬁé}ogﬁﬁé&gjﬁs? 5%?@&%5’%‘8[958%8% 'OMyHA S?éfpagfl uor escence;
a second photgsistireation vélamedssstfsrigtowithiH Wi e6Remdr! 9t &ce8R@Nd observati on
vol unme positioned within said container, said second photodetector

posi tioned t cPhipdetectarpasitioped de detedflvgresnenag passing theaughasaidnf ocal
, th i t ' i d
aperﬂon . %&_@ﬁd%?ﬁé@él 'a?gpﬁres ?ﬁ&%ﬂg ﬁ%gqé 8%@119618 %8Eb'llfké§f’1%§r%ll trans por ti ng

fl uorescence; and a neans Movi n i ner,

at | east a paprofienofodaid dudrgsaendeslaasl t hrough said first observation vol une
and said second observation volune. 27. The device of claim26 wherein said
first confocal aperture has a smaller cross sectional area than said second

confocal apers mgans¥of mMIPsdld container, thereby transporting at least a
portion of said particles through said first observation volume and said

15 second observation volume.

27.  The device of claim 26 wherein said first confocal aperture has a
smaller cross sectional area than said second confocal aperture, and wherein
said first observation volume is positioned within said second observation

20  volume.

28.  The device of claim 26 wherein said a means for collecting

fluorescence from said observation volume is a confocal microscope.

25 29. The device of claim 26 further comprising a processor having a pattern
recognition algorithm for receiving and analyzing said first and second
temporal profiles generated by said first and second photodetectors.

30. The device of claim 29 wherein analysis of said first and second
30 temporal profiles by said pattern recognition algorithm determines the size
distribution of said particles.

31. A method for analyzing particles in a sample containing said particles,
said method comprising the steps of:
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said first observation volunme is positioned wthin said second observation
vol unme. 28. The device of claim26 wherein said a neans for collecting

f | uor escamoeodamsmssai d observati on volunme is a confocal poirarse@copsds 29. The
device of claim26 further conprising a processor having a pattern
recognition algorithmfor receiving and analyzing said first and second

t enpor al pr of Pfviiggneqid: sample sc‘éli”ga'f‘ﬁngspag $dBoAl phdeasiepadiallys. 30.
The devi ce Oftrﬁlhﬁgé%ﬁpcm%fr@rn anal ysis of said first and second tenporal
profiles by sal attern recognition algorithmdeternm nes the size

di stribution of said particles. 3 1. A nethod for analyzing particles in a

I taining.said., ticles, i d t hod i Si th t
of : provi di ng QErAEhRRFEAoB Il Hintg S5l SRERE, Therehy SrUsteactt B8Rt Aal | y
transpar ent CQ@ﬁi@hrtﬁVSTaidjbéﬁi%][ésﬂﬁ_sghcéérﬁb!e?tﬁ geritithtedfidtes@iesanpl €, thereby

causing at least a portion of said particles in said sanple to generate
fluorescence; collecting fluorescence froman observation volune in said

sanpl e and di t id fluagr nce fr sai d gbservation yolu onto a
pth odet ect or{;&ﬁ?&it/'ﬂgéﬁ@é%&egggt@q?ﬁgp cﬁ’?@r’ﬁ%%ﬁ UM&YNRAY SRIPE PRdsai d
sanpl e t hr ougtirecting Glaserimiresdencel fioen €dld BbasHatos tHamdtemsi hy of said
fluorescence from said observation volune as a function of tinme using said
phot odet ect or PhetREptasiogenerati ng a temporal profile of said fluorescence
from@ai d observation volume. 32. The nethod of claim3 1 wherein said step
of analyzing said tenporal profile using a pattern recognition algorithm
det er mi nes t hmovingrsait rcantaineothepebyt padsisy partiteslinssaiplseampid ehrough

distribution of. said particles in said sanple or both. 33. The nethod of
claim3 1 fur??fgp%éﬁﬁgﬁio@i‘f?éumﬁea%‘?ep of fluorescently

measuring the intensity of said fluorescence from said observation
15 volume as a function of time using said photodetector, thereby
generating a temporal profile of said fluorescence from said

observation volume.

32. The method of claim 31 wherein said step of analyzing said temporal

20 profile using a pattern recognition algorithm determines the concentration of
particles in said sample, the size distribution of said particles in said sample or
both.

33. The method of claim 31 further comprising the step of fluorescently
25 labeling said particles in said sample.

34. The method of claim 31 further comprising the step of providing a
confocal microscope in optical communication with said sample; wherein said
confocal microscope is used to carry out said steps of directing said excitation

30 light onto said sample, collecting said fluorescence from an observation
volume and directing said fluorescence from said observation volume onto a
photodetector.
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| abeling said particles in said sanple. 34. The nethod of claim3 1 further
conprising the step of providing a confocal m croscope in optical

conmuni cavoanoedsiisssai d sanpl e; wherein said confocal mPcrasecap®04636 used to
carry out said steps of directing said excitation light onto said sanple,
collecting said fluorescence froman observation volunme and directing said
f1 uor esc¥hce Theomethpd dileiny 3 forthebcaomprisndothe plest olienalyzios.8d The

met hod otf élgﬂr%ﬁfetﬁéi'ﬁég atfé?ﬁpéé(?gr{]ﬁﬂagrt @Pﬁ{h%p of analyzing said tenporal

profil e usi'ng ern ognitio 36. The nethod of claim 35
wherein said step of analyzing said tenporal profile using said pattern

recognitj | gorith co rises e step,of matchin features in said
t enpor al ij’fgro Qtéo‘g] B AN eb%lf‘tsé}'%sqe@?% $eif meekal m 36

wher of n it lﬁéﬁ S8ld 20RO kR donRl el he Ui et Skchifg t o

recognlt on urthe S the step of counting t unber of
mat ches iaae\tumeem S&dttan'mralrprsﬁhedotmeqjmieahlnadqjattmnand sai d predetern ned
patterns, thereby determ ning a net nunber of particles detected during
said detection time interval. 38. The nethod of claim 37 wherein said step

of anal yg7.ng FRé thdtheRGTadlairi 851 WRerei BEidSSted dfaéﬁél{/ﬂng%%‘itﬂ'férhb&%l al gorithm
further COTT‘PI’I ses the step of dividi n?gthe net nunber of particles detected

during s@iof eueslegtsaﬁ peitteen ireeegnition plgogthrotfurthes comprises sheptep ©fanned
duri S t P 8
contfa%?negdlﬂg%@ tﬁ %I%:etarl t'e&bglé‘éﬁsv%?eﬁ'?feta-m%sqﬁts? ansﬁ%&#ﬁﬁb@f a@@nt ai ner
conpri segaldlpreﬂé@memw pattetrﬁ;t; Ith@re@pCUetel‘minm‘g bynemnemben@qurﬂlclé@nt ai ni ng,
and vvher |n sai d step of analyzing said tenporal profile using said pattern
recognlt %9‘3# 'Mlet@ré»onctmmtge@ ‘the step of determining a total
|l ength of a trajectory of said observation volune in said sanple using the
expression: wherein d is the dianeter of the container, Vr is the
rot ati ond8. velbeimgthofl afraaiov 37 avhereirardidt step afhanalgtingtsaid dernpotalon ti nme
inte 5va| profile using said pattern recognition algorithm further comprises the step of

dividing the net number of particles detected during said detection time

interval by a total volume of sample scanned during said detection time

interval.

20 39. The method of claim 38 said container is cylindrical, wherein said step
of translating said container comprises simultaneously rotating and vertically
inverting said containing, and wherein said step of analyzing said temporal
profile using said pattern recognition algorithm further comprises the step of
determining a total length of a trajectory of said observation volume in said

25  sample using the expression:

< ofa (v Joo

wherein d is the diameter of the container, V; is the rotational velocity of the
container and t is the selected detection time interval.

30 40. The method of claim 39 wherein said total volume (V) of sampie

scanned during said detection time interval is provided using the expression:
V = (L) x (Cross Section) ;
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40. The nethod of claim 39 wherein said total volune (V) of sanple scanned
during said detection tine interval is provided using the expression: V =

(L) X (Crwex0@astisen) ;wherein L is the length of said pelrast@d/ov46a¢ ect ory
and Cross Section is a cross sectional area of the observation vol une al ong
an axis parallel to the propagation axis of said excitation light. 4 1. The
met hod ovheliein listhe igngtheofssdid selastedtrajestary apsl Grsa Saationds @e«atoss f r om sai d

Cer oot e RgIAL AESR o, % By fes” o, 4B, obi s’ BrdlieheSie 33 Pa

devi ce fmropagafiorzaxig opsaid etoitation lightanpl e; said device conprising: ' an at
| east partially transparent contai ner for holding said sanple containing
said particles; an optical source for generating excitation light that is

provisded 1.0 S nRafBd Br JdIfY ShUyFASLAIE 1AE inAsty Bf Ald hiBB:3benal @
particles to generate fluorescence; a neans for collecting uor éscence
from an folrmesaidhobservatibnvelupes is deteetedias lai lunstord of mieafoner getactimans f or

novi ng said container, thereby tragnsparting aj |egst portion of said

part o1 deeogt g Hed i IR o P CemsocerdsHor e AOTBINUSS opt i cal
communi cation with said nmeans for collecting fluorescence for receiving and
measuring intensities of at least a portion of said fluorescence fromsaid

observat4dn vbidemee fonanalpzing assticles iya sanmigiczaid dpvietidomprisingi d

sa dUeaml o A ACleRR Ry b edrbnl BB TR ORISR Se e ces "t hr ough
said nmulti sl idom@infr@cwi(\j,ﬁgﬁrd]eg;e and is received by said photodetector. 43.

The device of claim42 erein said nmeans for collecting fluorescence and
said multi-slit confocal aperture are conponents of a confocal

. 2 . . e L e ¢ |
T PoroPs, B S5, R8  gBh MBS ot ¥blrsli oo ooa
sample, thereby causing at least a portion of said particles to generate

15 fluorescence;

a means for collecting fluorescence from an observation volume
positioned within said container;

20 a means for moving said container, thereby transporting at least a
portion of said particles through said observation volume;

a photodetector in optical communication with said means for collecting
fluorescence for receiving and measuring intensities of at least a

25 portion of said fiuorescence from said observation volume; thereby
generating a temporal profile of said fluorescence; and

and a multi-slit confocal aperture positioned between said sample and
said photodetector such that fluorescence passes through said multi-
30 slit confocal aperture and is received by said photodetector.

43. The device of claim 42 wherein said means for collecting fluorescence
and said multi-slit confocal aperture are components of a confocal
microscope.
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45. The device of claim42 further conprising a processor having a pattern
recognition algorithmfor receiving and analyzing said tenporal profile
gener at edwbyoeaisesphot odet ect or. 46. The devi ce of cl ai mcaArSedveneicns sai d
pattern recognition algorithmdeterm nes the position of said particles in
sai d observation. 47. An integrated particle neasurenent system for
analyzing particles in a sanple; said device conprising: an at |east
partiallytr - A : el Sal ining said
art ol et nraeAbaE of SR RPlnbRén sald bR T PR Rl <

provi ded to scial siibomifecaltdpmrking. causing at | east a portion of said
particles to generate fluorescence; a neans for collecting fluorescence
froman observation volunme positioned within said container; a neans for
novi gy sS4 d [ , drf i ti QL said
parti cl Z?t hgﬁ%ﬁbggiédofgtt@g%{i on \%m%%aggﬁ%ﬁé{ E’g?@,@ % ﬁgtct)%%i cal
communi cat i onregpghitisaialgarihmsior secaiving endi anplyding saiddemporalprofiecei vi ng and

measuring int i1 at | t ortion of said fluorescence fromsaid
observati on V@%‘ﬁ%{é@?@@%@f@ﬁi@gﬁ% a tenporal profile of said
fluorescence; and a neans for introducing particles into the sanple

operationally_connected to said at |east partially transparent container
such ftha‘}G‘parT‘i‘%ﬂ@%‘cﬁroé_clﬁ*'@\ﬁfd%’beﬁin§éiq1p%téﬁfﬁ!r@€3ml'f'q7hélgpéﬁm'@e of claim47
whergi n said &'@c@ﬂﬁinfegrthé Bb%%H%f%%j&ﬁé&ibFésﬁﬁ st 8PsdrPhffibn.capabl e of
providing a Irquid containing particlés or a gas containing particles to
said sanple. 49. The device of claim47 wherein said neans for introducing

particles,to sai.d sanple i,s,an inlet that provides a |iquid containing
particl e@ cor/ti? gaat 8?‘“H’}%B’%Sé'éemﬁn%%ﬁsge@af%?%@'ygﬁg lggvn 8e of claim

47 wherein 5%Qﬂﬁ@?@ﬁidfdﬁviéé’édnﬁBHQihgg particles to
an at least partially transparent container for holding said sample
15 containing said particles;

an optical source for generating excitation light that is provided to said

sample, thereby causing at least a portion of said particles to generate

fluorescence;

20
a means for collecting fluorescence from an observation volume
positioned within said container;
a means for moving said container, thereby transporting at least a

25 portion of said particles through said observation volume:
a photodetector in optical communication with said means for collecting
fluorescence for receiving and measuring intensities of at least a
portion of said fluorescence from said observation volume: thereby

30 ' generating a temporal profile of said fluorescence; and

a means for introducing particles into the sample operationally
connected to said at least partially transparent container such that
particles are provided to said sample.
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said sanple is a tube capable of bubbling a gas containing particles
t hrough sai d sanpl e.
WO 2006/084283 PCT/US2006/004696

48.  The device of claim 47 wherein said means for introducing particles is
an inlet capable of providing a liquid containing particles or a gas
containing particles to said sample.

49.  The device of claim 47 wherein said means for introducing particles to
said sample is an inlet that provides a liquid containing particles
continuously or drop wise to said sample.

10 80. The device of claim 47 wherein said means for introducing particles to

said sample is a tube capable of bubbling a gas containing particles
through said sample.
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