1 5 APR 2005 -1 METHOD AND DEVI CE FOR THE MANI PULATI ON OF M CROCARRI ERS FOR
AN | DENTI FI CATI ON PURPOSE This invention relates to the mani pul ati oh5dPR 2005
m crocarriers for an identification purpose, and nore specifically but not
limted to the mani pul ation of mcrocarriers having codes witten on them
An exanple of these microcarriers is descsl-bed in the prior filed, and at
the time of the priority not yet published patent application no.
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observed to react, bind, or otherwise interact with the target analyte may hold promise
for any number of utilities where the observed interaction is believed to be of
significance.

A number of practical problems exist in the handling of the large number of individual
interactions required in the assays described above. Perhaps the most significant
problem is the necessity to label and track each reaction. For example, if a reaction of
interest is observed in only one in a group of thousands of reactions, the researcher
must be able to determine which one of the thousands of initial compounds or
molecules produced that reaction.

One conventional method of tracking the identity of the reactions is by physically
separating each reaction into an individual reaction vessel within a high-density array
and maintaining a record of the identity of the individual reactants were used in each
vessel. Thus, for example, when a reaction of interest is observed in a vessel labeled as
number 5 of 1000, the researcher can refer to the record of reactants used in the vessels
and will learn from the record of vessel 5 what specific reactants were present to lead



and will learn fromthe record of vessel 5 what specific reactants were
present to lead 1 5 APR 2005 -2 to the reaction of interest. Exanpl 355 BBR 2005
the high-density arrays referred to above are 384-, 864-, 1,536-, 456- ,
and 9,600-well microtiter plate containers, where each vveII of a
mcrotiter plate constitutes a mniature rjeact lon vessel. Mniaturized

reaction wells are used because they conserve space, allow to increase
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therefore identifies the particular ligand bound to its surface. These

[Tﬁt hodsddes]gﬁ ﬂﬂgﬁﬂofith@\}’ﬁnﬁhbﬂé/\ﬂéseﬁbedaﬁﬁd@m ﬂh&%@&%&%t:te Iaﬁsla aﬁ?t
ousands of_unjquely,co m cr.ocarrier ach hay |ga oun

their surf&@%° t’%ﬂ\/méﬁier *Otsﬁe"ﬁ'ﬁ%'&‘eaﬁf&f%%f%@ﬁ@ LF@VHJ&‘&E’@% &?‘aneousl y.

Those i cr dlranghmrtsstdyat Th&wmmhd@ﬁmwabb&domb&eﬁm@bt ofﬁ;ﬂ&eﬁﬁ sdpatatiegn t he

attached |i . ha I I.code £ead, thereby

| eading to the |gﬁ]&fsf{iﬁg$&?(ﬁ{}%ﬁy ! hgs Qaﬁ:rng uc%a%teﬁgleﬁﬁloﬁ oét??%mp{é’

reaction. Anpghedsirays Ibé@'n develaped o ¢amf et highsthrdughpatatsapspodiredctionpén ,

m o ocar T | ehsiof QomridBNkpbbEA! B AU RASRS nﬁ%oﬁﬁﬁ{ @é@&&ﬂ&h gg}gd%ﬁﬁ&' ency

I n the encodi gt% gl[}_d Int | denti f1 Cq%tl Qn tronin encoded
microcarrief® FIp Ak asi ArepRiant s the pugrocarigy Caé’l 4@%/%9’?@115#?0@#@1 x'icefe
encodi ng andhadtdedgitiffes et mivfocabter @ha thedeforaait il ltﬁ@b@ﬁ&ll&dh@%&lﬁduﬁ@td?% on a
solid suppord.. Th 18 C m cessin %escr bed a uires
accurate encoding o leehho% % ngﬁ’? Ol?“%zfﬁ ef?% rg@ AP ATEE G H’Yl}cé’cfﬂ

that thousands of uniquely coded microcarriers, each having a ligand bound to their

surface, may all be mixed and subjected to an assay simultaneously. Those

microcarriers that show a favorable reaction of interest between the attached ligand and

target analyte may then have their code read, thereby leading to the identity of the

ligand that produced the favorable reaction.

A main problem in the prior art is the random position of microcarriers for
identification purposes and therefore lacking efficiency in the encoding and in the
identification. Merely positioning a encoded microcarrier on a support is not sufficient
for allowing an efficient encoding and identification. Several documents disclose a
positioning on a solid support. The practice of random processing described above
requires accurate encoding of each of the microcarriers separately, and requires
accurate, reliable, and consistent identification of the codes. Because assays using
random processing rely heavily on the coding of the microcarriers for their resuits, the
quality of the assays depends largely on the reliability, readability, unique code,



accurate, reliable, and consistent identification of the codes. Because
assays using random processing rely heavily on the coding of the 15 APR 2005
m crocarriers for their results, the quality of the assays depends |argely
on the reliability, readability, unique code, 1 5 APR 2005 -3 nunber of
codes, precise dinension and readability of the codes on the mcrocarriers.
Attenpts to code mcrocarriers are still limted to differential coloring
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Al t hough th| thod requires both a positioning and an orientation step
prior or during the identification purpose step, the invention
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the degree o mcrocarfrier.
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code on a M G{REAHérom ‘gf@ﬁ?ﬁﬂé’sﬂ: heopfcode is generated by a spati al
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of randomness in the degree of freedom of the position of the microcarrier.

The present invention is especially suitable for enabling the reading or writing of a
code on a microcarrier, whereby the code is generated by a spatial modulation created
inside the microcarrier or on its outer surface. This spatial modulation may be defined
as a known arrangement of a finite number of distinct volume elements located inside
or on the surface of the microcarrier. The known arrangement of distinct volume
elements can be generated by (1) changing one or more prbperties of the materiai in an
individual volume element, or (i1} by removing material from an individual volume
element, or (iii) by depositing material on an individual volume element, or (1v) by
leaving an individual volume element unchanged, or a combination of the above
possibilities. This known arrangement for example, may be such that these volume
elements lie on one or more dimensions such as on a line arrangement or in a plane.
The main object of the invention is then fo position and orient the microcarrier in
reference to the writing instrument and the reading instrument, such that knowledge on
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el ement, or (iii) by depositing material on an individual volune el?qFﬁﬁ
or (iv) by leaving an individual volune el enent unchanged, or a R 2005
conbi nati on of the above possibilities. This known arrangenent for
exanpl e, may be such that these volune elenents Iie on one or nore
di rensi ons such as on a line arrangenent -& in a plane. The main object of
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| i ght source. An enbodl rrent of the method according to the invention is a
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conpri ses: |0n0 popul ation of mcrocarriers in a
one- | ayer syBicegparigi@gncoded yaoo de written on the microcarrier. According to yet another

embodiment, said microcarrier is encoded by a code written on the microcarrier by
exposing the microcarrier to a high spatial resolution light source.

An embodiment of the method according to the invention is a method for the
manipulation for identification purposes of a population of microcarriers, whereby the
positioning and orientation step further comprises:
(b.1) the distribution of the population of microcarriers in a one-layer system; and
(b.2) restricting the rotational movement of the microcarriers.

Another embodiment according to the invention is a method, whereby the distribution
of step b.1 results in a plane configuration having two dimensions (X,Y).

Another embodiment according to the invention is 2 method, wherein the distribution
of step b.1 results in a line configuration. A one dimensional configuration results in a
faster detection.



(b.2) restricting the rotational novenent of the mcrocarriers. Another
enbodi ment according to the invention is a method, whereby the distrlibaPR &85
of step b. | results in a plane configuration haV|ng two di nensions (X Y).
Anot her enbodi ment according to the invention is a nethod, wherein the
distribution of step b.1 results in a lime configuration. A one

di nensi onal configuration results in a faster detection. 1 5 APR 2005 -5
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wher eby the posit.ioning
interaction on of near the microcarrier. As an example, chemical interaction can be any
kind of interaction such as covalent or Vanderwaals interactions. A biological
interaction can be obtained via a direct or indireet coupling of the microcarrier to a
support or to a carrier realized via e.g. avidin/biotin, antibody/antigen, antibody/hapten,
receptor/ligand, sugar/lectin, complementary nucleic acid (RNA or DNA, or
combination thereof), enzyme/substrate, enzyme/cofactor, enzyme/inhibitor and/or

immunoglobulin/ Staphylococcal protein A interaction.

Another embodiment according to the invention is a method, whereby the positioning
and orientation step restricts the rotational movement of the microcarrier as a result of a
magnetic field imposed on the microcamier.

Another embodiment according to the invention is a method, whereby the positioning
and orientation step restricts the rotational movement of the microcatrier as a result of
an electrical field imposed on the microcarrier.



and orientation step restricts the rotational novenent of the mcrocarrier
as a result of a magnetic field inposed on the microcarrier. Anothet APR 200
enbodi ment according to the invention is a nethod, whereby the positioning
and orientation step restricts the rotational novenent of the mcrocarrier
as aresult of an electrical field imposdd on the nmicrocarrier. 1 5 APR
2005 -6 Anot her enbodi nent according to the invention is a nethod, whereby
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sem - |1 qui d sath & & ixfttoSoop® YP Rbefing filai 4 2h wgmﬁﬁgaﬁake&mﬂmﬂ%s&%@,r ding
t o anot her enBodl ment, said.sem- liquid or |liquid support may have a

di ff er ent i al226a8 {9rthe poiemung g erieaiono! dhpmméRes e two or nore
sem-liquid or liquid layers with different viscosity or density. The

m crocarri erAieybbdifient bR tdBe PARLEHPRYEY apPEtaRE] WRERHY BT Réank orl he

support at the..interface of. a yvi.scosity or a density change. The position
o or i ent atOSHoE P entRich Pl R GURE PR F Sehd SEHGT g mPRNBE o
enbodi ment amedvediofigelipedchauitahle fidr onsing atleasd PpPe Kitiésamieh adivyatione r ot ati on
restriction IRARS oSk ovided via a magnetic and/or electrical field.

An embodiment according to the invention is an apparatus, whereby the means for
_positioning and orientation of the microcarriers comprises a semni-liquid or a liquid
support and rotation restriction means. According to another embodiment, said semi-
liquid or liquid support may have a differential viscosity or density or can be composed
of two or more semi-liquid or liquid layers with different viscosity or density. The
microcarrier may then float or be positioned and oriented on or in the support at the
interface of a viscosity or a density change. The position and orientation may vary
according to the microcarrier density.

Another embodiment according to the invention is an apparatus, whereby the rotation
1estriction means are provided via a magnetic and/or electrical field.

Another embodiment according to the invention is an apparatus further comprising a
reservoir suitable for containing a population of microcarriers, which reservoir is
connectable to a capillary tube and pressure differential means for providing a laminar
flow pattern in the capillary tube.



Anot her enbodi ment according to the invention is an apparatus furtheg
conprising a reservoir suitable for containing a popul ati on of 19 APR 2005
m crocarriers, which reservoir is connectable to a capillary tube and
pressure differential nmeans for providing a lamnar flow pattern in the
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pol yi sopr enen apettguret) dne peqessayy togdsanbe thiedhird aspect of the invention, i.e. the
different types of nricrocarriers that can be used.
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As used herein a “microcarrier” also termed “microsphere”, “bead” or microparticle”
relates to a reaction volume or a support which may be made from, for example, any
materials that are routinely employed in high-throughput screening technology and
diagnostics. For example, the microcarriers may be made from a solid, a semi-solid, or
a combination of a solid and a semi-solid, and can be supports such as chemical and
biological assays and syntheses. Non-limiting examples of these materials include
cellulose, carboxymethyl cellulose, hydroxyethyl cellulose, agar, pore-glass, silica gel,
polystyrene, brominated polystyrene, polyacrylic acid, polyacrylonitrile, polyamide,
polyacrolein, polybutadiene, polycaprolactone, polyester, polyethylene, polyethylene
terephthalate, polydimethylsiloxane, polyisoprene, polyurethane, polyvinylacetate,
polyvinylchloride, polyvinylpyridine, polyvinylbenzylchloride, polyvinyltcluene,
polyvinylidene chloride, polvdivinylbenzene, polymethylmethacrylate, polylactide,
polyglycolide, poly (lactide-co-glycolide), polyanhydride, polvorthoester,
polyphosphazene, polyphosophaze, polysulfone, grafted copolymer such as
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pol yvi nyl t ol uene, polyvinylidene chloride, polydivinyl benzene, 15 APR 2005
pol ynmet hyl met hacryl ate, polylactide, polyglycolide, poly
(lactide-co-glycolide), polyanhydride, polyorthoester, polyphosphazene,
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~ The microcarrier can have a certain anisotropy in its mass distribution. For
example, one region of the particle can be more dense so that one side is heavier
than the other. Also, when a microcarrier has an asymmetric shape, this will be
reflected by an asymmetric mass distribution as well.

- The encoded microcarrier according to the teaching in PCT/EP00/03280.

- The microcarrier can be a combination of some or all of the above mentioned
features.

The microcarrier may have different properties such as optical transparency,
ferromagnetism, and can have functional surface group for binding ligands such as
proteins. The microcarrier may also contain one or more dyes such as fluorophores,
luminophores and the like, or a combination thereof. The ferromagnetism can be
introduced by either in situ precipitation of ferromagnetic material or coating with a
polymer containing ferromagnetic nanoparticles. Examples of ferromagnetic materials
include but are not limited to Cr,03, FeyO3, FeyOa, Ni- and Co-metals, other metal
oxides and metals. The compounds can be introduced during the microcarrier
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radi ation. | T rd t hr.oxgh
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codes is th athee thasengf cuaved gymfagpat i al resol ution |ight source, and in

particular a laser or a lanmp in conbination with a confocal m croscope. The

codes may al | . | Stk ) L4 IpL: by usi ng

the sbova. esc@?ﬁ%ﬁn‘%ﬁ%@? 87t thitk &E%Pe%ﬂlé}%yrﬂsﬁ{goacﬁgﬁ sBhtid?
resolution light source, such as a laser, a lamp, or a source that emits X-rays, o and [

rays, ion beams, or any form of electromagnetic radiation. The codes can also be
written on the microcarriers through photochroming or chemical etching. A convenient
method for writing the codes is through the use of a high spatial resolution light source,
and in particular a Jaser or a lamp in combination with a confocal microscope. The
codes may also be written at an internal depth of the microcarrier by using the above-
described methods.

The codes can also be written by deposition of material on or in said microcarrier.
Examples of method of deposition include but are not limited to laser deposition and
electrochemical deposition. Examples of material which can be used for said
deposition include but is not limited to any organic compound or material; any
inorganic compound or material; a particulate layer of material or a composite material;
polymeric materials; crystalline or non-crystalline materials; amorphous materials or
glasses; carbonaceous material such as, for example, graphite particles or carbon
nanotubes; metallic material, such as, for example, gold, silver, copper, nickel,
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fluorescers, phosphorescers, or scintillators. Bleachable chemiluminescent,

bioluminescent, or colored substances may be used. Non-limiting examples of
bleachable substances are listed herein: 3-Hydroxypyrene 5,8,10-Tri Sulfonic acid,
5-Hydroxy Tryptamine, 5-Hydroxy Tryptamine (5-HT), Acid Fuhsin, Acridine Orange,
Acridine Red, Acridine Yellow, Acriflavin, AFA (Acriflavin Feulgen SITSA), Alizarin
Complexon, Alizarin Red, Allophycocyanin, ACMA, Aminoactinomycin D,
Aminocournarin, Anthroyl Stearate, Aryl- or Heteroaryl-substituted Polyolefin,
Astrazon Brilliant Red 4G, Astrazon Orange R, Astrazon Red 6B, Astrazon Yellow 7
GLL, Atabrine, Auramine, Aurophosphine, Aurophosphine G, BAO 9
(Bisaminophenyloxadiazole), BCECF, Berberine Suiphate, Bisbenzamide, BOBO 1,
Blancophor FFG Solution, Blancophor SV, Bodipy F1, BOPRO 1,Brilliant
Sulphoflavin FF, Calcien Blue, Calcium Green, Calcofluor RW Solution, Calcofluor
White, Calcophor White ABT Solution, Calcophor White Standard Solution,
Carbocyanine, Carbostyryl, Cascade Biue, Cascade Yellow, Catecholamine,
Chinacrine, Coriphosphine O, Coumarin, Coumarin-Phalloidin, CY3.1 8, CY5.1 8,
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Brilliant Red 2B, Sevron Brilliant Red 4G, Sevron Brilliant Red B, Sevron Orange,

Sevron Yellow L, SITS (Primuline), SITS (Stilbene Isothiosulphonic acid), Stilbene,
Snarf 1, sulpho Rhodamine B Can C, Sulpho Rhodamine G Extra, Tetracycline, Texas
Red, Thiazine Red R, Thioflavin S, Thioflavin TCN, Thioflavin 5, Thiolyte, Thiozol
Orange, Tinopol CBS, TOTO 1, TOTO 3, True Blue, Ultralite, Uranine B, Uvitex SFC,
Xylene Orange, XRITC, YO PRO 1, or combinations thereof. Optionally such
bleachable substances will contain functional groups capable of forming a stable

fluorescent product with functional groups typically found in biomolecules or polymers
including activated esters, isothiocyanates, amines, hydrazines, halides, acids, azides,
maleimides, alcohols, acrylamides, haloacetamides, phenols, thiols, acids, aldehydes
and ketones. With regard to the volume of substance that may be bleached within the
microcarriers, one example of such a volhume is between 0,01 cubic nanometer and 0,01
cubic millimeter of the microcarrier, another example of such a volume is between 1
cubic nanometer and 100 000 cubic micrometer, yet another example of such a volume
is between 10 000 and 10 000 cubic micrometer, another example of such a volume is
between 0,01 cubic micrometer and 1000 cubic micrometer. The bleachable
substances should be chosen so that, when bleaching occurs, the code remains on the
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conbi nations thereof. Optionally such bleachabl e substances will contain
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of colors due to the fact that certain wavelengths of light when shone on a given

pigment will cause the pigment's molecules to resonate and eventually break down.

This is also the reason why fluorescent molecules often tend to bleach when excited by

a powerful laser beam of specific wavelength. The codes may be photobleached using

a conventional (non-scanning) light microscope, wherein a stationary (laser) light beam
is focused on the sample during the bleaching process. The stationary position of the
(laser) light beam during the bleaching process results in a photobleached area that has
a circular geometry. Although non-scanning light microscopes technically yield an
irradiated area of 2 pm or less in diameter, broadening of the bleach spot often occurs
due to the stationary laser beam. This results in large circular bleached spots that are
from one pm to 35 pm, typically from 10 pm to 20 um in diameter or even larger such
as 15 pm - 35 pm. The availability of laser light scanning microscopes opened new
opportunities for microphotolysis methods. The combination of photolysis, beam
scanning, and confocal microscopy lead to the development of SCAMP. In SCAMP,
bleaching ocecurs during scanning a sample by switching between low monitoring and
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possible to dmldegol‘mﬁmverdnbfe‘ draegd in light absorptam that 1s induced by electromagnetic
radiation, most common applications involve irreversible changes in color or

transparency on exposure to visible or uitraviolet light. This is often seen as a change
in the visible spectrum (400 - 700 nm), and can be rapid or very slow. A code could
then be written in the inside of a bead that contains a photochromic dye, with focused
UV light. There are two major classes of photochromic materials, inorganic and
organic. Examples of the inorganic type are the silver halides. The organic
photochromic systems can be subdivided according to the type of reaction. The
photochromic compounds can be soluble in nonmnal organic solvents such as hexane,
toluene, acetone and DMSO. A non-limiting example is the use of a dispersion in
polystyrene at concentration as high as 99 %. Said compounds are also stable in low as
well as high pH and are stable over a wide range of temperature. The photochromic
compounds of interest are irreversible, wherein the color change is not reversed when
the illumination is absent. Most of the interesting compounds are thermally
irreversible, i.e. they do not change back to the original colorless state at room
temperature. Advantageous photochromic dyes are those that cannot be bleached back
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It is possible to encode up to several tens of thousand microcarriers per second by
photochroming,

Other methods for writing codes can also be used, such as code writing by changing the
refractive index or by selective spectral photobleaching. In the case of spectral
photobleaching the microcarriers may contain one or more different dyes each dye
having unique spectral characteristics, and wherein one or more of these dyes may be
bleached at different intensities.

Moreover, the microcarriers may be functionalized, i.e. said microcarrier may contain
one or more ligands or functional units bound to the surface of the microcarriers. A
large spectrum of chemical and biological functionalities may be attached as ligands to
said microcarriers. These functionalities include all functionalities that are routinely
used in high-throughput screening technology and diagnostics. The choice of the
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group, inchading but not limited to, acids, amines, tinols, ethers, esters, thioesters,

thioethers, carbamates, amides, thiocarbonates, dithiocarbonates, imines, alkenes,

alkanes, alkynes, aromatic groups, alcohols, heterocycles, cyanates, isocyanates,

nitriles, isonitriles, isothiocyanates, and drganocyanjdes, or combinations thereof, any

inorganic coordination complex, including but not limited to 2-, 3-, 4-, 5-, 6-, 7-, 8-and

9-coordinate complexes; any organometallic complex, including but not hmited to

species containing one or more metal-carbon, metal-silicon, or metal nitrogen bonds.

In another embodiment, the functional unit or functionalization of the microcarrier
comprises a detachable tag. A detachable tag is any species that can be used for
detection, identification, enurneration, tracking, location, positional triangulation,
and/or quantitation. Such measurements can be accomplished based on absorption,
emission, generation and/or scattering of one or more photons; absorption, emission
generation and/or scattering of one or more particles; mass; charge; faradaic or non-
faradaic electrochemical properties; electron affinity; proton affinity; neutron affinity;
or any other physical or chemical property, including but not limited to solubility,
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triple poi ntt};ze pogindengrend ntientaBemstep r:esullmﬁlmta pissicel, mehhgrecal adiedhitay or
DSt Yy SR ko LIRS0 S RIS B g o,
any conbi natth®mventienisie rpptbpé,rwh@gby the positioning and orientation step restncts the
rotational movement of the microcarrier as a result of a magnetic field imposed on the
microcarrier. Another embodiment according to the invention is a method, whereby
the positioning and orientation step restricts the rotational movement of the
microcarrier as a result of an electrical or a magnetic field imposed on the microcarrier.
Another embodiment according to the invention is a method, whereby the positioning
and orientation step results from the non-spherical configuration of the microcarrier,
and more in particular by the ellipsoidal or cylindrical configuration of the
microcarrier. Another emabodiment according to the invention is a method, whereby
the positioning and orientation step results from the anisotropy in the mass distribution
of the microcarrier. In such a case, an axial positioning and orientation in a
gravitational as well as in a centrifogal manner may be obtained. Another embodiment
according to the invention is a method, whereby the positioning and orientation step
results from one or more combination of the above-described features. For example, a



The present invention further relates to a nethod for the mani pul atlor% f or
an identification purpose of a mcrocarrier, conprising the steps of aéPR 2005
positioning and orienting said mcrocarrier and b) encoding said

m crocarrier by witing a code thereon, c) allowi ng a target-anal yte
reaction on or in said mcrocarrier, d) 4i@sitioning and orienting said

m crocarrier, and e) identifying said mcrocarrier, whereby step (c) nmay

al SO pr eceedonitRtih: of St e iRk ABUNEORYSNInERhbY, cahBmatios bgmgAett ep
wher eby sel g tlveI% t.hose .mcr. carr| ers are identified on which a

t ar get - anal yiPEFEF 8B PRISHTQRY IBYI8R4#Sr i nterest occurred. For i nstance,

mcrocarriers with a target-analyte reaction of interest may be separated
frgm t hedresAcd@;i'dlh %m&%@%dgﬁﬁ&t @E 0§1ﬁ9§1ﬁ %@bﬁﬁiﬁéﬂiérﬁitép aavOdcbﬁﬁh de
cub o0 9, Gyt S5 o800l i A20He SR 5 L 0

posi tioning @pdram’sltﬁﬂtcaéatﬂ;m shglp file fAotwtcf pﬁftmmsawﬂhyalfhm anmmemmascal

chem cal or G | | on r | y her
enbodi nent aﬂ 058438%1’8 mﬂ?ﬁﬁ&g %ﬁ?‘.‘%ﬁhﬁ?ﬂé@gﬁ% a‘?ﬂ‘%&%%ere { e p&@lgtg'f oni ng
and ori ent atflen Chalmpl ordwt hydrodynamac qusmgwhhinmimﬁmdoﬁtmltmcar rier
as a resul t iy nﬁ%?l%htc%irhalegld FRER6 i pldiftle g}&ﬁvﬁsghgeﬁ{nchﬁmgfher

enbodi ment ccor e lnvention I's osi tioni ng

and orient ath}élnmbméﬁucr@mmmtsatscpréalmsapmbrﬂw PR\ RRATDEE.  Thecsampie Beidr ri er
as a result @Enaa\ﬂnglt&cgd‘maeé cA bAinfRBAGEI0GhE L&l dﬂm&éds&ﬁuhﬂhﬁg flow, the

m crocarrier tlﬁtqf her enbwga ment accord ng t?rpi:g nvengﬂlﬁon |§na net hod,
wher eby ¢ he SeeRAiashim FoILoR SHvErEal RIS Laphe LGk RISy chropga the

non- spheri Cadonoeﬂgén@mﬂiﬂhebb&fwéﬁm dve tioecsapipleflow mmd:emmed Jistrefphed owtwhdr by
the elli p50| onfi m £ ot her
enbodi nent  at oefgd‘}?galatgé&?%ﬁe@l nsg% gg!d} gobggrr‘fet?% 3@%\?}1 ﬁ%drﬂ %eoés%\lqt I oni ng
and ori ent atWarr, solypnt; b‘sﬁtrtasldfth@)lﬂ{@ hElfé‘mcmmmlﬂqm C@lb@myséﬁ $ORi but i on
of ‘the m Cr aGRfirsthamblts IR RS, oD vikH ALioRRS ﬁhbﬁmhaﬂ;bwhfewc%%@t i on

in a gravitation as"well as In centrjfugal nanner ma obt.ai ned
Anot her enmbodefdn detegtdhigrercerpe; %Faftﬁéng pR/léght bermqﬁ@nap%? ﬁ%ﬁpﬁ%%mﬂhe

posi tioni Nng @add MoesilathBAiGiLthe ﬂcﬁﬁiﬂté SlebirieaN PalRr&id dropetst afiihnah ben of

of mgnet ] ¢ JIRCIES by St A5pn eRaiRes ?%mi?ﬂggff%ﬁccafd% Fc ' or ces
and ani sotr oﬁlgorescemxg‘mi foredxamphe; domdietiy thed cambaeesymimetdkd mths otheve
posi tioning ang OL:E LA bnS LE Bty 5fiMer t'oBent non-spherical particles onto the

optical axis. Another example includes a flow cell apparatus as described in US Pat.

No 5,690,895 incorporated herein by reference.

According to another embodiment, the positioning and orientation step may also occur
by the dielectrophoretic caging of microcarriers. Dielectric particles, such as
polystyrene microcarrier, suspended in a liqud can be manipulated by a high-
frequency electrical field in a microelectrode cage. For example, microcarrier may be
brought into a specially designed flow cell with a number of electrodes; by modifying
the amplitude, frequency and phase of the fields, the microcarrier can be positioned and
oriented.

According to another embodiment, the positioning and orienting of the microcarmers
may also occur in a semi-liquid or a liquid support, wherein said semi-liguid or liquid
support may have a differential viscosity or density or can be composed of two or more
semi-liquid or liquid layer with different viscosity or density. The microcarrier may
then float or be positioned on or in the support at the interface of a viscosity change.
The position and orientation may vary according to the microcarrier density. The




flowcell in a flow cytoneter. The termflow cytoneter is used herein for
any apparatus that creates a single file flow of particles w thin fAPR 20%
and nmeasures fluorescence fromthe particles. The sanple fluid can be
constrained within a narrow flow channel g by hydrodynam c focussing
within a sheath fluid. For exanple, to d8ttion and orient particles in
the flow, I S possible to enploy the pr| nci pl e of hydrodynam ¢ focusi ng
in a so- caI |8é>aersqté>§tarﬂorw Bwarkdistobutien ahthe micmisaricarashls il the gossiwhityahati ng
the parti cl ke @afacth hBARTAM hethopilidie center of a faster surrounding flow,
the sheath flow, in front of a convergent nozzle. As the liquid passes

t hrough the  convergence into the observation area, the sanple flowis
accel er at ed, AGOrERg Feanathar earhoditeen: e pesitionipg end otiensetipn steemap elso oofurt he
observation @Nﬁ@ﬁmﬂi@etréﬂp% @@ﬁﬁcf&aﬁ‘iefm S gﬁfﬁ)cﬁé&h‘f%%f bedid [QLatiad the

i ke. D|ffer W% ,Haowcells can be use non- limting exarrp es are
cited herein: S@é zWF'th C PPRUIEnS AR @Eﬂtmmﬁﬂéhoéﬁﬁuﬁégaﬁg‘@@%o

det ect quommem&zasaﬂaaﬂojefd Wh@fﬁinﬂiﬁtﬂn@fdcbﬁ{bmm egll@ﬁaﬁcgﬁgerﬁ .
usi ng open oW .C e the flow nto i cally charge
dr opl et s, m"?%‘ﬁgé%% igyd. ?é%%?@ Chy” %H Efléaélé’r‘ts%‘ato ?‘P@Eﬁﬁﬁf‘}‘ t ai ners
to sort par tpacticdes witle o L8V tayet, can hieobeuﬁdduorpemueﬂhnd;bgmtlthéﬁﬁcr&daﬁﬁtibr flow
cells that iRAMEASNHEL ric nozzles or have asymmetric constrictions in
the fl ow chanber to orient non-spherical particles onto the optical axis.
Anot her exanple includes a flow cell apparatus as described in US Pat. No
5, 690, 895 i R@%ﬂat@@%amboﬂynmﬁbc posteoning exd diicrgation siepinhe klso occur
embodi ment . sl erh 81O ANRoRbF AMAL) Bt ER: o8 BOpAiTHng B L1

di el ect rophor etl.c caging of mcrocarriers. ectric par such as

pol yst yrene Wi%€HBEcarri er, suspended in a liquid can be nmani puI at ed by a

hi gh- frequency el ectri caI field in a mcroel ectrode cage. For exanple,

m crocarri eradiydii Q{gﬂg&; 9:@&% | QW81 a
nunber of ele ‘qu%to lmeﬂﬁ&@eﬁaﬁgéﬂeﬁétd;gi freeEieér%c Ugd‘?/h&\tk

dif ase of
the fields, Hb‘ﬁ?‘?ff{g?md Hc"B'é‘e‘po etqn&ﬁ@agamess@th%n%@dx Sﬁk@g‘ﬁﬁ% to

anot her enbaﬂe gRh coﬂpﬁsiﬁgiihbto@hﬂdﬁgngmﬁemidaeaﬁchﬂg ﬁﬁtehﬁpddﬁoglhﬁﬁar riers may
qui

I
o 9,90 e R i ohg BB by 016 B SR Ll 0L
conposed of suglbap U%heﬁ MDFdlmg]tm ahother bmbodithent yier ensotiingditdpfie performed

viscosity of, cﬁ:YomfﬁgeAEcSF ?fbef‘@r}iboélﬂt"egtft &Eo%g%ﬁeﬁﬁggéﬁf& ﬁd on

or in the support at I nter a Vi scosl osition and
orientation ofehsachtgor di ng to the m crocarrier density. The 1 5 APR
2005 -18 absence of a flowin said distribution of the mcrocanier results

in the possiAddokdig i@ embodiment, the encoding comprises the writing of 2 code on a
microcarrier whereby the code is generated by spatial modulation created inside the
microcarrier or on its outer surface. According to yet another embodiment, said spatial
modulation is a known arrangement of a finite number of distinct volume elements
located inside or on the surface of the microcarrier. According to another embodiment,

said spatial modulation can be generated by one or more steps comprising (i) changing

one or more properties of the material in an individual volume element, (ii) removing
material from an individual volume element, (iii) depositing material on an individual
volume element or (iv) leaving an individual volume element unchanged, or a
combination thereof.

According to an embodiment, the target analyte reaction step can consist of contacting
a solution that may contain said analyte with a composition comprising a molecule,
species or material that interacts with said analyte bound to an encoded microcarrier or
a microcarrier and in the identification step further detecting whether an interaction has



t he detection means could be nobile. According to another enbodi nent, the
positioning and orientation step may al so occur by for exanple: tﬁ%%Pinﬁ
the mcrocarrier in strongly focused | aser beans, so-called "lase PR 1005
tweezers". The positioning and orientation step nmay al so occur using
acoustic waves such as ultrasonic trappi#1§; wherein the mcrocarier is
trapped in standing waves in a liquid. A "mcrolathe" which is usually

used to nodicbyurtdie Sddpepalso ifcudésiRSiNg & Pirget WMalyBSRhctiondor BhaPedh pised to
position and_orient. rier for the identification step.

o -ﬁhe m.cr o{ﬁaﬁ
Accor di ng t 8 BHot AR GRS CESHENPI4sEhe positi oning and orientation step may
al so occur wusing two or nore conbination of the above-descri bed nethod for

posi L i oni nfg mdadi@g toedoiiieg gnéb@ﬁgﬁeﬁtﬂﬁgbﬁis@zﬁ iﬁﬁﬁiﬁd 'dheria_ate's té ?ﬁ%dﬂﬂﬂpﬂh héginSt ep
can be perfgr escri he oV in the descr Lon o : )

cr ocarr1 ofhe T BcAnER Sl 15 PR ity Pl SBruT airert Shin e b up
conpri si ng pixdediolbomatdimicbt etedtroataghétivg magattin, oplicdegpestirdmenic,

phot obl eachi | ' ) Il er a _hi l,al resolution
Pantsour copectstby e BRE il SRl el CBRfoktcsRoR s PR iRent - "t he
encodi ng st epfeipsetper of thednfoppatitrocasie vathimg migrocarier ayl wayatrottivgeferred a
enbodi ment , o M@ ReAMbAGeR! R 'taaRBI RN 7 daiYetlRl O BeR A PhGondfiGRA! MO 1O
an enbodi ment, the “encaqdi conprises ‘the witing of a code on a

M crocarri elst%%‘wpﬁr%wgd@m%d@é}f@ﬁa@wew @Elglﬁ}n@ buipatlimited fe visedt ed
inside the jMpeétsiAmear®] dRitaDCCIPcNKreS, vided icatRras SRS ShpicifimY 6% cidrat her
enbodi nent, .sai d s?%l al 1 1D ul ation |a a knﬁwn arrangenent of a finite
nunber of di s%u&e[n UTHED 8F S TCRIIRS EEHIERS: HRLOREISS: ToHMARCIE Sy f ace of the
m crocar ri ephotddssiesliqugntum emottdrerplatrbedierse afi fluoeatetics patrioatopendokmiingpn can
be generated.: o) S | | n r re
properties g?lg%/%g%’t %?rl a{ﬁﬁgggéqug {%lyyge‘%q%%é&gggjﬁe&%ﬁrgf?ib? 0rﬂ?arg%m)vi ng
materi al fr &gaan foramplifnng the signshsueh anephotomiltiplieriobe or pitrey light datéctdr on an

i ndi vi dual  cxRIHIEBT SAEHRIM the bresénie, loBRYIr Shidkity NSl c¥thAsiakn & OhikeBn §h &Rt
unchanged, a conbi patiqn thereof. cordléagl% to an embodi nent, "t he

A .
target anal ytUETFESEPS Bpn.dBIeTeserRGedietyne. apf ol physic mrepaiiesdf theat may
contai n sai dluenakst@ignial.h a conposition conprising a nolecule, species or
material that interacts with said analyte bound to an encoded m crocarrier

an i nt or act 1oASRE ShEedipeno e lighras balfwed baBeaneR ERcl des

al l owi ng a tdemgdicaBoraingte Thachidmg dfdhe arel yiagdeiparfgased with an ordinary
microscope if the code is on the surface of the microcarrier or, if the microcarrier is
sufficiently translucent, at an internal depth of the microcarrier. Reading of the codes
may also be performed using a confocal microscope, a transmission microscope or a
fluorescence microscope. In particular, the codes may be read by suspending the
microcarriers in an aqueous environment, placing the microcarriers between two glass
slides or placing them in microcapillaries, and observing the codes through a
microscope or confocal microscope. The reading may also be performed by using a
laser beam scanning instrument. The reading may alsc be performed in a flow cell. A
myriad of light sources and photodetectors are known in the flow cytometer art.

According to another embodiment, during the identification step, the microcarrier can
be 3D-positioned in individual wells, in such a way that all microcarrier successively
pass the stationary scanming beam of an identification mean. The reading velocity
could also be increased if the microcarriers themselves pass the scan beam. The
limiting factors in such a case would be the response time of the detector and the time
required by the decoding algorithm. For examples, the wells could be positioned on a
disc according to a spiral with a linear increasing radius. Therefore, the disc would



vapor, sem-liquid or solid phase. According to another enbodi nent, the
present invention relates to a nethod wherein the identificati oy tA‘P? N
performed by any physical or chemi cal neans of interrogation, inc ud| ngﬂ(S
but not limted to el ectromagnetic, magnetic, optical, spectronetric,
spectroscopi ¢ and nmechani cal nmeans. The r%ﬂentlflcatlon step relates to the
Interpretation of the information coded within a mcrocarrier and nay al so
be r ef er r edmarelpsedd 1ot wtate gathi awwnstaeienpular véloeiydngnsekich the scanner moves

“differentighhanStah Vel%wﬁgy indaer%H al Hﬁ?ttn]o EI%CFEI@O ocarf Fﬁrlfl ﬁs e%[elf% ongd

I dentification means means,
digital (CC@F%M%B vi deo caner as, phot ographic film or current
i nstrunmentation such as | aser scanni ng devi ces, fluoroneters, | um' nonet ers,

hot odi od ,
phot odi odesg 8%&5&'&%&9%{1 ﬁoP £t c%%gdggetaﬁﬁ eﬁ' s{fgﬁr‘sgagkfgo 3.COPES
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phot orul t i pirh@tindd4b8ysOborbiatorial SUmistey REEA! assﬁ?@élﬂdﬁct@ﬁ tdig'ars&t foPBert i

presence, location, Jintensity, excitat]on and em.SSion spectra,

f1 uor escenc%OEBB‘P‘H&dP 3 ppgpless an&@ﬂsesaéeﬁrcfer fsteetingAad isglefing saorpoyRds frem
properties tosé kanples.uorescent signal. In another enbodinent, the

i dentification step is perfornmed usi ng an optical identifi cation nean. The

readi ng of e codes mmy. be rfo n. or di nar m croscope i f the
o 1o o TREPESr muebon Haa rElelreds § miehag fos FooRfig 4 e gan ey Sibefein

S ]lc.lf f Ih Ci entCI I ;hetenamdahge:em%mseé: th&m-itﬁigejflaaﬂoddeﬁhlmm]fochﬂi@r mhefshgalﬁas cﬁe 1s Readi ng
(0] t he code 0 e conf ocal mcrosco

Ot anam oot cRenaia BY 3BuPE ARERIHoE ertl R a8 AR BERidrof RRIK R sfifpee.
codes may béceedihety asuspmrtinog, ﬂhepaualmxd@t&huonesskmwmnrrmmugofa finite
envi ronment .. i, f'lﬂstﬁﬂ?:‘i‘vﬂi faﬁﬁéﬂtgf"%&%mﬁb&ﬁﬂ%‘ﬁrou e oFthdSSerBlarRb@ci NY

themin m CI’OC&pI | aries, serving the co a mcCroscope or

confocal ni ACEEBIELO anRther ea@pﬁgn%fw@seeﬁ%@wmmea kewaeva@eeewnﬁa er
beam scanni §@niB slfeRof diskha VoRaEH flememy 1ta&e ﬂﬁd@@fd@&l@'ﬁzﬂrfh& of thé ow cel | .

Cytonet or aFHCTOREEEE GRREPHIEIR e ten P ENFE Cald OB FP 08 | on
step, the neerwated byemneoamorbeteBDepusisingfipchanginigroticwr dwxé pwpkettes of thesuch a
way that al e Hd‘?wdﬁ#l%ﬁﬁﬁé %1%&1 gfﬁémwﬁg%a%%ﬁdﬁa’ﬁa&sr% a%ﬁﬁ?ﬂh@ﬁ beam

of an identification nean oCit cou e rncreased if
t he m cr ocaveiugreselements Giiy eepqsiing mﬁenﬁeamnbe@mdwh*@lump@imwgor @t ors in

such a casejeaQifsthni8dividual Qél%%fbsﬁerhé:ﬁ%néﬁantgé& (H%tc%ﬁib%an%ﬂ%ér% tinme
required by the decoding algorithm For exanples, the wells could be

positioned on a disc according to a spiral wiith a linear increasing
radi us. Ther8f Bresentipxentioncfunber iglatesdo appognged microcarrier obtainable by the

method above described method, wherein the code on said encoded microcarrier is
generated by spatial modulation created inside the microcarrier or on its puter surface.
According to an embodiment, the spatial modulation is 2 known arrangement of a finite
number of distinct volume elements iocated inside or on the surface of the microcarrier.
According to another embodiment, said spatial modulation is a known arrangement of
a finite number of distinct volume elements located inside or on the surface of the
microcarrier. According to yet another embodiment, said spatial modulation can be
generated by one or more steps comprising (i) changing one or more properties of the
material in an individual volume element, (ii) removing material from an individual
volume element, (iii) depositing material on an individual volume element or (iv)
leaving an individual volume element unchanged, or a combination thereof.

The present invention further relates to the use of a microcarrier as described herein in
a high-throughput screening assay. The assay may consist for example of detecting the



-20 nerely need to rotate wth a constant angular velocity during which the
scanner noves wth a constant velocity in a radial direction angﬁt@g 2005

m crocarriers will pass one by one the scan beam Said nmethod can be
useful for performng a target anal yte assay. Exanple of target- analyte
assay include but are not limted to DNA-pybridization, enzyne-based
assays, i mmunoassays, conbinatorial chem stry assays, assays conducted to

screen for GREdeAldor ARBRAUTS e bPRARLES an@Yis &l 8 SaASSABafdOksalahest i ng and

i sol ating conpounds from those sanples. The present inventjon further
rel ates to £OPPINGACHBFUNERBIRIAGIACINTQING digand @f.lt,% Akrastane melyge, SREEEhg

conpri ses t Rgheflidrithé1gnByte has Af2ete@Br BowHdtoAbSL §4 andRaeRY thdieodeadenys
generated by spatial nodul.ation created L NS dﬁ%the merocarrier or on its
Sut er sur f adRISTOCAEIRS MEPAFHCH A TEFALOm REHAIRS s ShEred SHEATETh (o a
known ar r angempnise choasidg one @ mord fgetdsofhidh iridatreacd ithethe beerentsrd ocat ed

I nsi de or on_t sy f.a . L CLocar ri-er. cordj :

enbod mont . e Fess B REelighfE b BNAERY S Rhcroc AR EhitBlatife BRUCIREY of
nunber of dithe ligadswothuthe cefiesmarthe nicwaarsidrs tngildeh the igandharebaviidce of the
m crocarri erconé%gﬂ%ﬂier&eto‘? itk aﬁdigtfe?%ﬂl‘%ﬁi’ﬁgédﬁ- o, ﬁ?ﬁcﬁ:hcéﬂ?éré %'bsé}l?ﬂlg'aél I on
can be generated Dy one or nore steps conpfising fl _changi ig one _0r re
properties GRicrofamgsabpen whichiheanalyighes brimd oy seacied with theicrqganyerrhonsdi ng
mat er ijal _ L r %faﬁﬂ,l ainﬂ%&c}iﬂgl ﬂietcou@sl ?ﬁ@jﬁﬁlef&ﬁfﬁeré 1ol iﬂa;ntg?mgg ilitgialﬁtﬁ vlvﬁm ﬁfhiolm ont
an individug] volune elenent or (iv eayi ng an.individual voluyme el emen
inchanged, | oRe A0S BBPFRETALACS HYp ctRetedr TGRSR A RY (R RTBT PSPt FREFOEeliat os
t 0 an encoddhe oheoomare amatytedtSuidhighehiopghing screehing dssalyamgdhs emdoded

nmet hod, wherein t ' d..m ' ' :

apati il moadistecah et Saradtl Bupaea AR bt &a HEBEIGREA MG,
Accor di ng t dnelndisgtseparatsdor unfikersg hiolegicaldlidsssuiclh as ingne crrebraspimet Bwgenent

of ‘a finite nAHIPELdOiymdlal BOML pYRLHEE N8lE BRGd Psa! 8] BlidS1964,8Brdufle.
surface of tphe m ¢rocarrier. Agcordl ng t4 anot her enpodi ment’,. said spati al

modul at i on iRjasma hawpb Avda rgerial Thrd, tsys hqreeeRaivper) GYiTagisstalie: SPYBIMme
el ement s | oGadRdpliyRiu]6le cAllseqrBtibiyieats] ees, eweithmilkiianag abginslisecrtony, di ng
to yet anot I&Er. nbodf'spenent, %_?i dyﬁ atial.. m)dtlﬂl %i on cgnc beeS % ne,liratte%fby one
or more stepsud PEFRG LR gﬁcneé'l%ﬁ’é's’o s By & AP T DI IPRE
mat eri al i n tsuésidehmidthgdiopsidswofmorshamaatignant,i andrsespeet tigyuentreanyalthdir om an
I ndi vi dual - I [f?eir\; (s Sthinl 189 rdfdht Sndghyidual
vol une el enec\rél)?g_or ztlg\?? eog\yidn%&ﬂalﬁqyﬁgl Vi Jli}a?ﬂ%g‘l%une g enent uncﬁanged, or
a conbi nat i gweeimane spch ayrellsr diseercultteariubrreryptrrse alsglodigretlo the use of
a mcrocarrigherasti¢ids,aht BRAPINS! Gthinkd from 4H @RilohfRHEAN RitircSQIcBRD kbl VREERY -
The assay may consi.st for exagipl e of detecti ng t he
or air; or from an industrial source such as taken from a waste stream, a water source, a
supply line, or a production lot. Industrial sources also include fermentation media,
such as from a biological reactor or food fermentation process such as brewing; or
foodstuff, such as meat, game, produce, or dairy products. The test sample can be pre-
treated prior to use, such as preparing plasma from blood, diluting viscous fluids, or the
like; methods of treatment can involve filtration, distillation, concentration, inactivation

of interfering compounds, and the addition of reagents.

The present invention further encompasses a report comprising information obtained
from the high-throughput assays described above.

The present invention further relates to a method for the preparation of an encoded
microcarrier as described above comprising the step of writing a code on said
microcarrier. Examples of processes for writing said codes include photochroming,
chemical etching, material deposition, photobleaching, or exposing said microcarrier to
a high spatial resolution light source. According to an embodiment, said code is



1 5 APR 2005 -21 presence or absence of one or nore target analytes in a
sanple. Said assay may conprise contacting a mcrocarrier-bound |igand
with at | east one analyte, detecting whether the anal yte has e Ap g0d5 or
bound to the ligand, and reading the code of any mcrocarri er upon whi ch
any reaction or binding has occurred. Sai-dassay may conprise choosing one
or nore |igands which bind or react with the one or nore analytes, binding
the |igands Wréit@tpmlmcbdhrqmmg. i ccomizanicemsthec embediatenh gaidhede dewtittey bpf

the |igands pﬁﬁgodes on the mcrocarriers to which the |ligands are
bound, contpactl ng t one or nore analytes with the |igand-bound

m crocarri ers, observing any mcrocarriers upon which the anal yte has
bound or redvicenling toranoter Assch terpresent hyantion telgjentd, 2 cncputer ok mgnitdrtémg odes
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descr i bed al®ed BT’Ppr e}lw@ maatieations ge PRETIPIeNgIch a8 PERePISRAISY Segments that

may then be attached to the disk for assaying.

The above and other objects, features and advantages of the present invention will be
more readily understood from the following description when taken in conjunction
with the accompanying drawing, in which Figures 1-3 are cross-sectional views.

In Figure 1 a spherical microcarrier is shown with a magnetic dipole momentum
coming from magnetic material inside. The magnetic field caused by the coils holds
the microcarrier into place and orients it at the same time. When the magnetic material
is placed outside the center of the microcarrier as is illustrated, a complete 3D-
orientation is obtained because of the gravitation and the magnetic attraction.

In Figure 2 spherical microcarriers are shown with a magnetic dipole momentum
transported by a fluid flowing through a capillary with velocity v. Two coils are
provided that can induce a magnetic field parallel to the capillary. Outside the




m crocarrier. Exanples of processes for witing said codes include

phot ochrom ng, chem cal etching, naterial deposition, photobl eagtp)’r&% (ﬁg
exposing said mcrocarrier to a high spatial resolution light s 20
According to an enbodi nent, said code is 1 5 APR 2005 -22 witten by

phot ochrom ng. According to another enbod2gent, said code is witten by
phot obl eachi ng. Accordi ng to another aspect, the present invention rel ates
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by the heademfocEhimageristdkan. tracks are preferably concentr| c and may have
a cross-section in the range of 5 to 5000 um or for exanple in the range
of 100 to 109@ceHigure 4 isoynesdohe pistp&OY acpomplete itisaessemsslithe partirlems Faguse 4
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the predént Plﬁ%fmﬁr% the fme seriespioonePigiey Frordi g6 3dt b?qs?metsw af&har
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ravitation gnd the nmagnetic attracti
d Iglgure 5 showsga compos%e picture 0? all the individual pictures of one time series,

wherein all the particles that have passed in that time interval (pressure about 0.05atm)
are shown. It is clear that the particles all move along one straight line at a2 constant
distance from the wall {(but not in the center) of the capillary.

25  Figures 6 and 7 also show a composite picture from two different time series. Figure 6
shows a composite picture with the same positioning at a higher pressure (about
0.1atm). Figure 7 shows a composite picture with the same positioning at a higher
pressure (about 0.15atm). The only difference between Figures 5, 6 and 7 is the
applied pressure (about 0.05, 0.1 and 0.15 atm respectively), and thus the fluid

30 velocity. The positioning is therefore valid at higher pressures as well.

Figure 8 shows a confocal image of the top of a green-fluorescent 40um microsphere
coated with feromagnetic CrO2 particles.

Figure 9 shows a confocal image of the central plane of 40um green fluorescent
ferromagnetic-coated particles.



In Figure 2 spherical mcrocarriers are shown wth a nmagnetic dipole
nomentum transported by a fluid flowng through a capillary with velocity
v. Two coils are provided that can i nduce a nmagnetic field paral1l5eApRtmg he
capillary. Qutside the 1 5 APR 2005 -23 magnetic field, the carriers wll
rotate because of the friction of the fluké Inside the coils, the
magnetic field will try to align the dipole nonentum antiparallel to
itself, thdsgwkilfishaws agohfoealriotage bHasiniplé hatteth thac waobleathddhe thaaearent of

the particl ey, i :.S tic.representation is shown of the
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bei ng t Alnsgégured4shons paanfegsl imageof threed doteoddse mierpiptiers (lefRmdssur e about
0. 05at m  WhebfhMiAAGHendSy ﬁﬁﬁ%%ﬁ@d&h{oﬁgﬁ?ﬁ% thiddighddde (Ol Rch %ﬁles?@n The

particles fo*low one straight line at a constant dista
capi | | ary wafngtheEmpgsqxes to be tilted but that's because the

il i | £ 20 I 1,0, d fhat in,the field. J Fi
S ohows & cOIBBE!P aiarEATPEREY PR ohaRton Mg e ek MR bR e ©
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(pressure about 0.05atm) are shown. It is clear that the particles all
move al éhg &igursilpahgts alschemagic reprosentatianof faicsmagnaicimiomdatréersval 4 (but not
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appl i ed preSSHENEDEUE SBEYE M -and 0. 15 at m respectively), and thus the

fluid 390 Ve'F?gS.{rE)["f’ sﬁms Qgéﬂetlﬂa?igirag'egeitatﬁgﬁ roﬂig\;ige go%ﬁxgsir?é a EOEPO%EI Bars%F Sures

as wel .
Scanning Microscope (CLSM) coupled to a powerful laser combined with a fast optical

switch. The light source used is a Spectra Physics Stabilite 2017 Ar ion laser, tuned at
a single wavelength, e.g. 488nm. The AOM causes the laser light to be diffracted into
multiple beams. The first order beam is then coupled to an optical fiber. The AOM is

25  controlled by a PC and dedicated software to switch the intensity of the first order
beam between two levels: a weak imaging beam and a strong bleaching beam. The
fiber end is coupled into a 'dual fiber coupling' so that the light coming out of the fiber
can be combined with the light from another laser (but is not used in the bleaching
experiments). Finally the light enters the confocal scanning laser microscope (CSLM)

30 and is focused on the sample. A bleaching pattern can be designed in dedicated
software. While taking an image, which is done by scanning the laser light in a raster
pattern, dedicated software controls the optical switch in such a way that low and high
power laser light reaches the sample according to the designed pattern.



Figure 8 shows a confocal image of the top of a green-fluorescent 40m

m crosphere coated with ferromagnetic Cr02 particles. Figure 9 shows
confocal inmmge of the central plane of 40m green fl uorescent 15 APR 20[}5
ferromagneti c-coated particles. 1 5 APR 2005 -24 Figure 10 shows a confocal
I mage of a sinple pattern that was bl eachgsl at the central plane of a
ferromagneti c-coated particle. Figure 11 shows an inmage of a 28m

phot ochr oni @1%@@ n@%nb%g coRfcalithabof & bieumdaq;af@aé ﬁMﬂghhfe%dmldﬂQ%d o
transm ssmnt g naé The Izr{:rosco e was focused t he central
plane. Fi gul¥eISNGIRYRS i3 BaPon 4 fragecren pp éfymnerf@@ms?% af ter
phot ochr om mgicafsphere3m square in said mcrosphere. Figure 13 shows a

transm ssion image of a conpletely colored and transparent mcrosphere. 10
Fi gure 14 sifogwedSshoveaabnforalgmagé of abkecheddizcrodesisig &dif&pd:mmﬁexﬁdl‘@ff t) and
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Each di vi sion ure deal | mage
of a phot obmwhwdﬁn@%pm%éemnamqughﬂ)emﬁdhecmdugh&)| mage on the
right was taken three hours later. 15 Figure 16 shows a schematic

r epr esent at iFégire20isbpws twe gersoral lw&sﬁammép@rwwherew;jéedes&f differentng of

two |iqui dsg%mggy\egq%%,q{m%é}g erenbagiemsity. Two coils are provided
that can induce a magnetic field. 'Inside the coils, the magnetic field wll

try to ali gmgdrbalcih@ﬁhQnmgamuumla&hlfaamhwlctﬂaoﬁssﬂBeadsmbsmﬁgﬁ&I oni ng
and orlentlg.% hegh mcrocarrier in a specific manner. 20 Figure 17 shows a
t

schematic r ation of device conprising a Confocal Laser Scanning

sui ton. e [TERRR2SEHRAN 4 QiR BR Ba ERIREAC R 0l o f5len R 1
| aser, tunedigie araum ﬂnglze mm@mnm@agmmmnﬁmeﬂmbcmms of ﬁh&e I aser

light to bedpéfracted into nultiple beans. The first order beamis then
coupled to an optical fiber. The AOMis 25 controlled by a PC and dedi cat ed

sof t war e tOPﬁ%ﬂrEQB rep@sdn £RsHerikalMead Mefeir Sddedidafe whRaMRAE WREHNiMETy
| evel s: a wea q;rra‘gd}?qggbeam and a strong bl eachi ng beam The fiber end is

coupl ed int §*i er coupli ng so that the light comng out of the

fiber can omhi ned with t ht.froma othe Iase but used

i the bl ead g HREt Mreredd Featt Alhing BRERR P ER B pisiia b ine

scanni ng | a§e¢usmf@rlgsﬂ:(bpml( @nl&gcarrymganeiectnc current, create a magnetic field and
orient the beads along the direction of motion.

Figure 25 shows an example of a coding scheme using 4 different intensities, each
intensity represented by a color and a number from 0 to 3. This coding scheme has 28
characters, symbolically represented by the 26 letters of the Roman alphabet and two
extra punctuation marks. Each character consists of 4 coding elements (i.e. 4 possible
ntensities {or colors)) with the extra condition that no two identical elements may
follow each other, not even when two characters are placed next to each other.

Figure 26 represents a capillary surrounded by a coil generating a variable magnetic
field B and a bead containing a closed conductor with induced magnetic field B’,
which is parallel when the magnetic field B is increasing.

Figure 27 represents a bead containing a closed conductor flowing in a capillary that is
placed between two magnetic plates and submitted to a magnetic field perpendicular to
the flow direction.

Figure 28 represents a schematic drawing of an experimental set-up wherein a reservoir
containing ferromagnetic green fluorescent microsphere suspension was placed on a
Bio-Rad MRC1024 confocal microscope attached to an inverted microscope so that it
was possible to use a Nikon 60x water immersion objective lens to look at the beads



30 and is focused on the sanple. A bleaching pattern can be designed in
dedi cated software. While taking an image, which is done by scanning the
laser light in a raster pattern, dedicated software controls thdg DR 083
swtch in such a way that |ow and high power |aser |ight reaches the
sanpl e according to the designed pattern.-2& 5 APR 2005 -25 Figure 18 shows
a confocal image of a bl eached barcode, using three widths and two
} Int ensity | éwelgh therbottaen ﬁ%&bﬂfo@be ﬁlﬁg@ﬂﬁf}ﬁfm@m@ﬁhﬁrbﬁwm_inﬁhﬁﬁ ?drwffrgsmh g
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ot her, not ¢kéyn wmmr?meﬁmﬂobﬁns% aytr) qumﬁ?xringx@eﬁmdeﬂ@memémemgl Fi gure
26 represen capl surr.ounded . . CQl ener.atj vari abl e
magneti c f:i'éﬁe%/o%r %}ddwgg %besgﬁregg%f%f i”ﬁé‘%‘uﬁ%&%gs %%ﬂaic‘{%l}&v%o?h I nduced
magnetic fi el ‘A - joh a SRfNE ArRaes. ' '

I ncreasi ng. @%ggég%% Sr{ea;giqlf@qgﬁrggeegg@cont g?nl ng_a %‘f%é%%”g%ﬁ%ﬂf@?‘or

~ flow ng in dlowaps in Gyt aftemicrescops eledtivise DREINES (1) Faew dbe Belgohviey and
subm tted t GeforeBH@IdrScarti@ FrRRiRRNAE Edudd 1h&r beam for reading/writing the code.

Drawings (b.j) show the field of view with a microcarrier at the focus position.

Drawings (c,d.e,f,g.h) represent side view of the microscope objective placed in front
of a flow cell. Drawing (c) shows the case where the focus of the reading/writing laser
beam scans along the symmetry axis of the microcarrier. Drawing (f) shows the case
where the focus of the reading/writing the laser beam scans below the symmetry axis of
the microcarrier. Drawing (d,g) represents the case where an auxiliary laser beam
illuminates a microcarrier and produces a shadowing effect on the other side of said
MiCrocarrier.

In order that those skilled in the art will better understand the practice of the present
invention, examples of the present invention are given below by way of illustration and
not by way of limitation.

1. Examples of positioning and orienting 2 microcarrier using a selid support.

Using such preferred microcarriers as mentioned above, two preferred embodiments to
position and orient a microcarrier are disclosed. Firstly, the microcarriers are collected
on and transported by a solid support, and in the second preferred embodiment, the
microcarriers are transported by the flow of a fluid or semi-solid medivm.



the flow direction. Figure 28 represents a schematic drawi ng of an
experinental set-up wherein a reservoir containing ferronagnetickngﬂqm5
fluorescent m crosphere suspension was placed on a Bio-Rad MRC1024
confocal mcroscope attached to an inverted mcroscope so that it was
possible to use a Ni kon 60x water immersi-@n objective lens to | ook at the
beads 1 5 APR 2005 -26 through the bottom m croscope slide. The
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noving a secon nagne near
i medi at el y concantisc prggietval orientation. Figure 31: Drawings (a, b, i, j)
represent schematic field of views of a mcrocarrier flowing in front of a

m croscope aieQeLiNVay a@"o%vEQ%nggg%gﬁase tloh%‘PPeﬁing‘Ié gore the

m crocarrier_arrives int eam alngfeﬁltlngthe
code.  DrawicHipsoids! sychshehpanhwheriel sigpcymien Witk he hovsedindbaricllam at t he
focus posi tlsgéblﬁc%g;\ﬂaﬂgﬁ (c,d,e,f,g,h) represent side view of the

m croscope objective placed in front of a flowcell. Drawing (c) shows the
case where the focus of the reading/witing | aser , beam scans aI ong the

symetry axils E¥pmpies of posifioning apd opjenting g nucyocaysiggs uppg raes fofinere t he

focus of therimpdrtg@ion suchng oty bps Baiddeam scans bel ow the symmetry axis
of the mcrocarrier. Drawing (d,g) represents the case where an auxiliary

| aser beam THelmitrotatms canfﬁeamqmmeﬂéwadhﬂd[ﬁlmwﬂmg;mm@hmmmggeﬂect on
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art will bet Sta rac
that a spherical or e}hpscudal particle will be pos;t:oned at a certam depth when flowing

through a channel. 1t is also theoretically shown that an ellipsoidal particle will have a
precise orientation depending on the exact circumstances. It is for example possible
that an ellipsoidal particle of the right ellipticity flowing in a capillary with the right
diameter, will be positioned on or near the central line with its longest axis parallel to
the flow. In that way, the only remaining freedom of movement, is a rotation about its
longest axis.

The next paragraph explains a preferred embodiment of the method in detail, wherein
this positioning and orienting of microcarriers is obtained by a fluid flow.

If an ellipsoidal particle is additionally provided with a dipole momentum
perpendicular to its longest axis, the rotational freedom about this axis can be
eliminated as well when applying an electric or magnetic field perpendicular to the
flow direction.



I nvention, exanples of the present invention are given bel ow by way of
illustration and not by way of limtation. 1. Exanples of positioning and
orienting a microcarrier using a solid support. Using such preferrefppR 2005
m crocarriers as nmentioned above, two preferred enbodi nents to position
and orient a mcrocarrier are disclosed. BBrstly, the microcaniers are
collected on and transported by a solid support, and in the second

]P|r ef Sr red eriﬁmdlbhmhll Ei midrecam’irdg ﬁi%qgogtgg $n aggid_l,_ HtaniSlRQih @Hyﬁ)taf%.hQEislr@Wﬁl@iﬁ a
ul or sem.- .d . . - e solid.s rt nas wells
wi th such a@é%%%s‘%g% ﬁ%&%{l*&?rsca&aﬂsivgﬁﬂww% ‘?ftel“?cﬂ‘fo‘!‘rl}ggﬁén%slﬂtt%u| ar
or a |intedndapplyingsa siitahlenagneticielactra fieldr Thistiaflhntrated ieFigatd 3 can be
magnetic in : ' ] ' ' | ace d to.orient
O & cer capERtal bciatich RRAAHA B S8RARbL e LS Bodine NS Rif, o).
Ot her possi Biongh asapiflary. Hauve eritsrmeement ivlatvedio shofowad ratatteabforecowi! act

bet ween t he opQhé SarsieP P Hen A i&s %&rt&%gp iﬂ?éreg%ﬂ?e%éeh%ké d E'rﬂ}séﬂﬁpor t

ep

can farther be .prqvided . vacuum channél s 1 n“order to ke
fiba]

th
ta %ﬁcaéﬂwb?ﬁ@“@%%&ﬁdtb}’c@ﬁ mpgneligioreanretinagnes the/direet rical |y

m crocarri er®
charged i f nesthghteml dndatyiggtoofosiR@nne hebebatiges iﬂhﬁ@s@{dﬁﬁcﬂé sonfenfiggded.
sibili

The microcarrj.er be a ¢ ' | on, of . the po Les nentioned
above. The waﬂ*l?agaﬁnéﬁ? it%en@agé%g%?ﬁia iehg 8 ‘P}?T%Fagé‘?rtl%ﬂ’?ﬁ‘tb%egg’ryn on
the solid stippew and ogientwd dyrtbevnagiterficky, leamig ally rotatiniee fiteedsn abmgsts et c.
The wel |'s cggﬁé sgshave a non-spherical configuration for exanple conical

or ellipsoidal such that non-spherical mcrocarriers will be housed in the
wells in a specific orientation. 2. Exanples of positioning and orienting
a mi cr ocar r (1&g sitvatinps dsasribefl @bove caardgionally be pswidedasittaart dsymroétrianddssi d.
The m crocargd I | ' 0 nel ,
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The next paragraph explains a preferred enbodi ment of the nethod in detail,
wher ei n Spherical fluorescently labeled polystyrene microparticles (in this first experimental

part not magnetic) of 15um diameter suspended in distilled water were used and

imaged by a confocal microscope such fluorescent particles can be easily viewed,

A capillary system was made that fitted onto the confocal microscope. The capillary
itself is made of glass and has a square shape. The internal dimensions are 80pm x
80um and the outer dimensions are 180um X 180um. In Figure 3 this setup is
schematically shown. The capillary is at both ends connected to a reservoir. The

30  suspended microparticles can be brought in this reservoir. A constant pressure can be
applied to the reservoir thus causing the suspension to flow to the other side. A low
pressure (< 0.2 atm) is preferably used in order to create a laminar flow in the capillary.

The particles are imaged when passing the objective lens of a scanning laser confocal

35  microscope. In this first experiment no electric or magnetic fields were applied. The
objective lens used has a numerical aperture of 0.45 and a ten fold magnification. This
lens was used in order to have a large field of view.



this positioning and orienting of mcrocarriers is obtained by a fll |dﬂ, 2005
flow |If an ellipsoidal particle is additionally provided with a di§ @
nonentum perpendicular to its |longest axis, the rotational freedom about
this axis can be elimnated as well when applying an electric or magnetic
field perpendicular to the flowdirectiof9-1 5 APR 2005 _28_ If a
spherical mcrocarrier is transported in a fluid, it will normally rotate.
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180(err)m In Figure 3 this setup is schematically shown. The capillary is
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reservoir thus causing the suspension to flowto t er side. Alow

pressure (< 0.2 atn) is preferably used in order to create a | am nar flow
in the capi |3.;E35;1_mples of magnetic microcarriers.

Green fluorescent 40pum microspheres coated with a ferromagnetic coating (CrO,)
were used. Ferromagnetic microspheres or microcarriers are the primary candidates to
obtain a correct orientation in the fluid flow by using an external magnetic field parallel
to the flow, as previously explained. This experiment determines if said microcarriers
are still transparent enough to “see” the central plane and to write patterns inside by for
example photobleaching.

In this experiment, the ferromagnetic microspheres were suspended in de-ionized
water, deposited on a microscope slide, and covered with a cover slip. The particles
were then imaged using a Bio-Rad MR C1024 UV confocal microscope. The objective
lens used was a Nikon Plan Apochromat 60x N.A. 1.4 water immersion lens. The light
source for excitation of the green fluorescent microspheres was a Spectra Physics
Stabilite 2017 Ar-ion laser tuned to the 488nm line.

Figure 8 shows a confocal image focused on the top of a ferromagnetic coated
microsphere. It can be seen that the coating consists of a layer of submicron CrO,
particles deposited on the surface of the microspheres. Since the CrO; particles are



The particles are inmaged when passing the objective Iens of a scanning

| aser confocal 35 mcroscope. In this first experinent no electric or
magnetic fields were applied. The objective |ens used has a nuneri talAPR 2005
aperture of 0.45 and a ten fold magnification. This |ens was used in order
to have a large field of view 1 5 APR 2085 -29 Wen the particles are
flowi ng, images are taken during a certain tinme interval, typically about

1 minute, thosflobieatditagd dot-kriBspaedit hey Nobeipay ik khaks a%ﬂﬁﬂQ’ﬁeBﬁ ght added
t oget her mﬁo one |cturenshovm ng all the partlcl es that have passed during

that tinme PHPEPTE mlﬁ’ﬂﬁ? &y it is possible to see whether or not the
mcrocarriers are flowing along the same path. These experiments show that

the partit cld T8 oQafetHe R | infeir @f\ﬂié nallcmghaescmmtm Iﬂﬁi%rro%ﬁﬁ thei ng
ransporte ow a, C ar r.edl cte

conput er Hﬁ’ﬁa?%%%m%émt%%?ﬂﬁa G SRS Rt Ve g bRl &F"P%’ourse
necessary t Figevediyi ﬁ&etchﬂrai@@;met\mtemge(bwy ickeladdy f llndﬂ:tauﬂg fhanthe dvbted

exper i ment Snﬁ&%lsl%ge?%e\ge&gnﬁ ?ﬁnsﬁa?&lt glﬁ)%.re(afto%g 191%]3 g%h@ ért}gﬁ?ecﬁfﬁh@er e

a further exper crocarriers hav
used in th8upressandsighyl Wessess vaapgsacans aamss &emgh&plmﬁ ield B was i nposed
on the transported mcrocarriers via the two coils in the Hel mol tz

confi guratl 'ﬁi\ g@%bﬁp}gg Ic C?ﬁgo(f‘tﬁel 1%179 ?1 &n: oaPe%rrﬂ_lcll.rc?gp

capillary tube n_was rved as ex |n F| gure

2. These exp\é&luﬁed}t Themigresqopatvas Hecused malecs:fenwiaﬂmﬁefm ¢0@tﬁda’at¢rq;spbﬁrﬁde a
specific dghd RekaBASE bh@dn Hitlthdq CERERIId RImY$aE YhaviPhsih g aBlitdbgat i on

pur poses. npl es gne crocarriers. Geen fluorescent 40m

ni cr ospher eéoﬁ?f? 33{}’ ‘g"‘ﬂ % 89?&@1??@{% CXBEMFRYS( ErpBght Revyes ig thegample
Fer r omagnet iras abast CORIWr %e(yeoﬂﬁibﬁyOﬁﬂfel‘blﬁt‘ﬁlngrp@ttéﬂﬁavwaﬂfmhmpb&ﬁthdiﬁms to
obtalnacorr ct r|ent |nthef udflowb Si,n ext .
magneti c fief a?(‘)né 538 TREPTIS % %"%PE\?PB‘&%’P&%&?%* iﬂhgﬁoa Pasfﬁdes
experi ment d@ltlétstﬂlrbeéﬂwbhehmdmh Ergveat ¢ sheves thatrtbe patidrh conldrspbr envrigamugh
to "see" thg GRNHERbat 93%0%?‘.%0 wite patterns inside by for exanple

phot obl eaching. In t IS exp the ferromagnetic mcrospheres were
suspended in de-ionized water, dep05|ted on a mcroscope slide, and
covered wi t Fr eonchsian, graep fluprescent 401 pelystyreneni¢resphienesgecte usitad wathBi o- Rad

MRC1024 WV E&fﬁrﬂ&éﬂcﬁ%@?ﬁ%@l’es PRepiRhEbA-Hans #a?aey%%%smmnm@ Pl .an

Apochromat 60x. I.mrersion | ens source for

excitation Bft %"Fé@ﬂeypﬂgpé@t?é?ﬁﬂ%ﬁf?@ﬁﬁ@%@n%eﬁ dheceordethy si cs

fluorescence was less homogeneous when compared to uncoated particles because the
ferromagnetic particles at the surface of the microspheres blocked part of the light
pathway. However, the concentration of ferromagnetic particles could be altered thus
improving the homogeneity of the recorded fluorescence. The minimal concentration
could be determined by the magnetic force needed to orient the microcarriers flowing
through the positioning device. The ferromagnetic microspheres were easily encoded
by bleaching a pattern at the central plane.

4. Examples of photochromic microcarriers

An alternative to encoding by photobleaching is encoding by photochroming.
Polystyrene microspheres were loaded with the photochromic compound 1,2-Bis(2-
mehoxy-5-phenyl-3-thienyl)perfluorocyclopentene (Extraordinary Low Cycloreversion
Quantum Yields of Photochromic Diarylethenes with Methoxy Substituents, Shibata K,
Kobatake S, Irie M, Chem. Lett. (2001), vol. 7, 618-619) which has initially no
absorption in the visible range, but develop an absorption band extending from about
450nm to 750nm after UV illumination, with an absorption maximum near 600nm.



Stabilite 2017 Ar-ion laser tuned to the 488nmline. Figure 8 shows a
confocal inmage focused on the top of a ferromagnetic coated m cros%geﬂﬁ 2005
It can be seen that the coating consists of a |layer of submcron Cr
particles deposited on the surface of the mcrospheres. Since the CrQ2
particles are 1 5 APR 2005 -30 non-fl uoreggent and non-transparent, they
show up as dark specks agai nst the bright fluorescent m crosphere.
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Cycl or ever siwigh the photochromic compound 1,2-Bis(2-methoxy-5-phenyl-3-thienyl)-
perfluorocyclopentene. First, Smg of dry microspheres were suspended in a 2% (w/v)
solution of the photochromic compound in CH,Cl» and were incubated overnight. The
suspension was then centrifuged during 5 minutes at 12000 rpm. After the
centrifugation, the floating spheres were isolated by removing the underlying liguid.

The spheres were then suspended in de-ionized water and applied on a microscopic
slide for observation under the microscope.

The microscope was setup as described in example 3. A Coherent Enterprise laser was
further used to color the microspheres (357nm UV line) and the 647nm line of a Bio-
Rad Ar/Kr laser was used for imaging the microspheres. Red light was used because it
is absorbed by the blue regions resulting in a gray scale image where the blue regions
are dark and the transparent regions bright. The images were recorded in transmission
light mode by using a transmission light detector.

To design an encoding pattern, a partial region of the microsphere was scanned with an
UV light by zooming into that region and performing a regular image scan. This
resulted in a written square (vide infra). Figure 11 shows a 28um photochromic
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setup as desarn bbeditien fastanpl e 3. A Coherent Enterprise |aser was further
used to color the mcrospheres (357nm WV line) and the 647nmline of a Bio-
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where the b lA’é:co{'cﬁgé 4 embodiment of the positioning and orienting device, the microcarriers

are transported by a fluid flow and pass the writing beam only once and in one

direction only. Therefore, the preferred code is a one-dimensional “dotcode” rather

than a barcode (which is a one-dimensional code as well, but written in two

dimensions). This experiment determines if it to write such a “dotcode™ by

photobleaching at the central plane of a 40 pm microsphere, and check whether the

bleaching process is fast enough for a code to be written by scanning only once.

In this experiment, 28pm polystyrene microspheres (5% cross-linking degree) loaded
with the fast bleaching green fluorescent dye NODD (N-(7-Nitrobenz-2-oxa-1,3-
diazol-4-yl)diethyl amine) were used.

To simulate the flowing of a microsphere past a writing beam, the microsphere was
positioned under a confocal microscope that was focused on the central plane of said
microsphere. Next, the instrument was set to scan only one line across the sphere thus
simulating a positioned microsphere passing a stationary writing beam. Using
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The next step in the experiment, consisted in checking the stability of the bleached
code inside a fluorescent microcarrier under solvent conditions, more specifically when
the microcarriers are suspended in a DMSO (dimethylsulfoxide) solution.

The NODD loaded 28uum microspheres of the previous experiment were used. First
they were suspended in de-ionized water, then a drop of this suspension was applied to
a microscope cover slip and air dried, leaving the spheres attached to the coverslip.
The microspheres were then covered with a drop of DMSO (> 99.7%) and placed

under a confocal microscope.

A simple pattern was bleached at the central plane of a microsphere and was imaged
again after three hours to check for any difference in the fluorescence of the
microsphere or the bleached pattern. The confocal microscope was focused at the
central plane of a microsphere surrounded by DMSO. A simple pattern, consisting of
three lines, was bleached. After three hours, the pattern was imaged again. The results
are illustrated Figure 15. No difference could be found in either fluorescence or



To sinmulate the flowing of a mcrosphere past a witing beam the

m cr osphere was positioned under a confocal m croscope that was focused on
the central plane of said mcrosphere. Next, the instrunment was sdth ARR 7005
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according to the particular ligand bound to its surface. This allows the further mixing

of the uniquely encoded microcarriers and subjecting them to an assay simultaneously.

Those microcarriers that show a favorable reaction of interest between the attached

ligand and target analyte may then have their code read, thereby leading to the identity

of the ligand that produced the favorable reaction. Two different ways of encoding

mucrocarziers are presented here, providing a virtually unltimited amount of unique

codes.

Photobleaching: According to the first method, a pattern is written in a homogeneously
fluorescently dyed microcarrier by means of photobleaching. This is a photo-induced
process through which the fluorescent molecules lose their fluorescent properties
resulting in a fading of the color. This can be done by first focussing a Confocal Laser
Scanning Microscope (CLSM) at a certain depth into the microcarmmer where the
pattern, designed in dedicated software, is going to be written. The CLSM is modified
by adding a powerful laser combined with a fast optical switch, which controls the
power of the laser light reaching the microcarrier. Low power is used for mere



m crosphere or the bl eached pattern. The confocal m croscope was focused at
the central plane of a mcrosphere surrounded by DMSO. A sinple pag ARK 1005
consisting of three lines, was bl eached. After three hours, the pattern
was i maged again. The results are illustrated Figure 15. No difference
could be found in either fluorescence or 355 APR 2005 -34 bl eached pattern.
The left image was | ess sharp because of a slight m sfocus on the pattern.
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The amount of codes depends on a number of factors: the resolution of the writing
beam, the amount of intensity levels used, the available space in the microcarrier, the

~ dimensions of the code design, etc. For example, using a 60x NA1.4 objective lens, we
have proved that it was possible to create at least 263-106 different codes over a length
of only 16 micron with just a one dimensional code using two different widths and 4
intensity levels (results not shown). This code could easily be written in the central
plane of a 30 micron microsphere, Many more codes can be generated if e.g. larger
microspheres are used or if the code design is extended to two or three space
dimensions. Examples are shown Figure 20 wherein bar codes of different geometry
e.g. letters or numbers, were bleached on two microspheres. Therefore, it is fair to
state that the amount of codes that can be generated using this technique is virtually
unlimited.

8. Experimental investigation of the positioning and orientation of ferromagnetic

fluorescent beads flowing in a fluid in a flow cell.

In this example, 40 micron ferromagnetic fluorescent beads were flowing in a flow
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When a bead is a cylindrically symmetric bead (rotation symmetry along the Z°) the

codes can be written in a circle around the Z* axis. This allows the reading and writing

essentially to 1D (@-angle in polar coordinates). A control pattern can be added, which
indicates the beginning of the code as shown in Figure 22.

Code bits can be written along the symmetry axis of a spherical bead as shown in
Figure 23, This axis is uniquely defined, once the bead is oniented. Thus, the reading
can be done only along this line. The Z’ axis of the bead can be either parallel or
perpendicular to the optical axis of the microscope. In the case that there is no mirror
plane symmetry perpendicular to the Z’° axis (magnetic beads, mass anisotropy...), the
line can only be read in one direction. It is also possible to mark both the start and the
end of the code bits.

When the reading is performed in a one-dimensional plane, it is possible to read 1000
beads per second when the following parameters are met: assuming that there are 50



state that the anmobunt of codes that can be generated using this technique
Is virtually wunlimted. 8. Experinental investigation of the posjrbi ?'Hizﬁ@
and orientation of ferromagnetic fluorescent beads flowing in a A a

flowcell. In this exanple, 40 mcron ferromagnetic fluorescent beads were
flowwng in a flow1l 5 APR 2005 -36 cell. -Tnhe fl ow speed was around 6m sec.
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Figure 21. The pki i BRHAGES t GERburBAy
| aser tuned to Tﬁg 488n mbgﬁ%ﬁﬁeg%g&?%%ﬁ?/@aﬁgﬂﬁgsgﬁ@hgg a tvve%?% oI d
e. H S e Refatsap

magni fi cat i GRS C¢ £ emeagaad i-4rgs asethen therags Heatipns
shutter timefdfe &a Rad mmndﬁnfo%lﬂnﬂ:rmg‘pé)\ HiOE06PNE nhd B teaBitloSBe code

1 owi ng. boad S35 VB LS 116 B RS Pecami: SaBh PRIRErors Mooy

on the bottdimitmgjlﬁetctons an image of a bead passing twice while the shutter
was open. The i nage above the af orenenti oned image represents a cluster of

two beads. hot obl gac f her. Sit i ng and
orienting o%upgln %8% ﬁ%@@&%&@%ﬁ %ﬁ&%&%&?egﬁ‘ gfﬁg

phot obl eachiwith thadame atead;cmﬂonp%e steadyamrasn om esrealigedinidiffeant ways.

di nensi ons t t | | ong t he

X, Y,Z axi s \?\n%t E}%ﬁyga%q}gxcggy{)el n ar %Hﬁ“?%““iﬁﬁg"’“%ﬁq‘c ?]ﬂmgof t he

m cr oscope. &liravativghi, efcaptian ft»lbe,@t)ntanﬁm thethicads andy(inistex fopaiching)l fhrid, dan be

axi s, assum Rghfeal dﬁlﬁraﬁgﬁlsggemgﬁ&{hg fosPits; this provides with the
possibility to wite 4x109 different codes. A rrechanl smis then provided

to orient and position bead in its original wite position. Wen the beads

are spheri c&igue 3¢ shevs n@gﬂ%@%éﬂé@l%veﬁémﬁdldqwﬁ%a@@ﬁbﬂﬁwﬁhf@ug%pher es
of equal | evghiHali ahd SRGRGVE thid ﬂ?é'i%cﬁmiqa[ lﬁ?ér'b@ﬁhn'lﬁ aQhlcaliepbrpbiiiicuder | NE

is read throygh the cent of. the be Wen, a I.s a cylindrically
symetric bé%ﬂl% glt %ﬁﬂ%@P?c’&eoﬁﬁl BAf@ITying W@ﬁcﬂaga@gergeﬁgeq;gav\“ tten
inacir f: enEgnaﬁndﬁelldeanZ ori@xi the bﬁitlssﬂ@ig tﬁuﬁ::b&tﬁ)nrcﬁfadmtt@ Mlmmotvmggthe o
essentially I I _CoO0 nates A contr tern can be
added, whi cﬁ&gss |t(ﬁ:1étg g@g%hagbge%’dﬁﬁeﬁa%émg &? Bl)goggrvg ﬁ%&’i&?@ ?aﬁ&ﬁ?(a‘ure 22.
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oriented. Thus, the rea can ne only alon
of the beadTeadinewriting g ?bszg} ang as a dgedback mgnal for controlhng the bead flow.

If the flow tube is mounted vertically, the beads can also be oriented with their
symmetry axis parallel to their motion, when their center of gravity does not
corresponds with their geometric center. The motion of the beads can also be monitored
optically. A control pattern can be added at the beginning and at the end of each code,
in order to reduce the requirements on the steady flow and the precise knowledge of the
velocity. The number of read/write positions can also be reduced, by using different
levels of photobleaching, e.g. 0% bleached, 33% bleached, 66% bleached, 100%
bleached. With this system, the flow speed can be increased and the constraints on
focussing and precise positioning and orienting can be reduced. A non-limiting
example of a coding scheme, using 4 different intensities, is shown in Figure 25. Each
intensity is represented by a color and a number from 0 to 3. This coding scheme has
28 characters, symbolically represented by the 26 letters of the Roman alphabet and two
extra punctuation marks. Each character consists of 4 coding elements (i.e. 4 possible
intensities (or colors)) with the extra condition that no two identical elements may
follow each other, not even when two characters are placed next to each other.
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within the magnetl as shown Figure 27. A Lorentz force F will act upon the
electrons of the small conductor in the beads by which they will move towards one side
of the conductor. The force will continue to exist as long as the beads continue to flow
and as such the plane of the small conductor will be pulled in parallel with F. An axial
positioning and orientation of the beads is obtained according to the direction of F. This

example presents an simplified view of the forces at work in this experimental set-up.

12. Examples on the orientation and poesitioning of ferromagnetic microspheres

These experiments showed that the ferromagnetic 40pm microspheres could be
magnetized and oriented in an external magnetic field. In these experiments a pattern
has been bleached at the central plane of a magnetized ferromagnetic microsphere
while said microsphere was being exposed to and oriented by an external magnetic
field. Then the pattern has been imaged while the sphere was exposed to a moving
external magnetic field. It was tested whether the original orientation - known from the
bleached pattern - could be found again after random movement of the microsphere

when said microsphere was subjected again to the origina)l magnetic field.
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Finally the second magnet was taken away and a return from the microsphere to its
original orientation was observed (Figure 29j-1). The images in Figure 29 were
selected from a series of 50 images taken at a 1.2 second interval recording the
movement of the microsphere. In some images, the arrow was not clearly visible
because of a tilt of the original central plane while moving the second magnetic field

and due to the fact that a confocal microscope makes optical sections.

In next experiment, the same microsphere as in the previous experiment was used. The
microsphere was initially oriented in the magnetic field of the first magnet (Figure
30a). After having carefully marked the position of this magnet, it was used to rotate
the microsphere {Figure 30b-j) by moving the magnet 360° around the reservoir and
finally placing it back in its original position. The microsphere did not return to its
original orientation due to a relatively strong interaction between the polymer bead and
the glass cover slip. A second magnet was used to loosen the microsphere by quickly



These experinments showed that the ferronmagnetic 404m m crospheres could be
magneti zed and oriented in an external nagnetic field. In these exqejrhﬁﬁaihh?
a pattern has been bl eached at the central plane of a magnetized
ferromagnetic mcrosphere while said mcrosphere was being exposed to and
oriented by an external magnetic field. “flen the pattern has been i naged
whi |l e the sphere was exposed to a noving external nagnetic field. It was

t est ed whet Heevipg# ance gearahe sasepirati was obskriedhat themidiesphbtesatimsal pat t er n
- could be figuhshi R f @}gp MEITER m crosphere when said
m cr osphere was su%§g§€%gk§%§Pn to&?éhﬂg ori gl%ﬂ%361b§neti c field. 1 5 APR
2005 -39 Geen Fluorescent ferromagnetic polystyrene mcrospheres of 40m
di anet er werlde fsremageetic-matedpnriteley spuibbaiedsdy mugnplized usmerresitongimagnet.
detergent) iThedfictdph&Rd cY@HSE o¥RSted ﬁ@g?eﬂeﬂxamagndége dﬂ%%ﬁe Qnéln(ﬁt%dﬁhﬁens' on

of the mecr C{E?her es.. The neutral detergent mnrmze
i nt eract i on % THEESHSTSHRR osEal exferpal W@Wbﬁ%ldﬁ%reéé@bﬁépf@@v@le gtegss

(vi de |nfra)rand%mmmnfomssmmengwmgamema& hfplied lapiieNf 0. 5cm
di aneter onto m c.r oscoEag]i ‘é‘ﬁ |, ass %r VOI'r V\?b; fill e WI th 80l
of the miordd FIEPes 10 BB rOuA berthser Vg w@wﬁ? ccyraey (O (nixe
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29a). Next, bldmehimgnf ocal microscope was set to take a series of 50 inmages
with a 1,2 second interval between each inmage. Wiile taking this series of
i mges, a second magnet was used to nove around the reservoir: first 90 to
one side, Spberiddmicroctinerupposetted diithabeir oymiuEirg uxks aRfig-thy flwist THeHesek i r st
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returnfromthe mcros here om%ﬁ or| |na ation was serv
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m crosphere. f t:b the ero vvasdggt }cl egﬁ@x vi.si bl e , because of
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position. Figures 31a, 31b, 311, 31j represent schematlc field of views of a microcarrier
flowing in front of a microscope objective. Figures 31a, 31i show the field of view
before the microcarrier arrives into the focused laser beam for reading/writing the code.
Figures 31b, 31j show the field of view with a microcarrier at the focus position.

In the case of a stationary writing/reading laser beam, and accurate flowing of the
microcarrier, the code may be written/read along the axis of symmetry of the
microcarrier as iliustrated in Figure 31c. However, in the case where the flow is not
sufficiently reproducible with respect to the microscope focus, the code may not be
read correctly as illustrated in Figure 31f, wherein the code is written/read below the
axis of symmetry.

As 1llustrated in Figure 31d, 31g, an auxiliary laser beam may be used to illuminate the
passing microcarrier. In this case, a shadowing effect will be observed, behind the
microcarrier, due to partial absorption or reflection of light by said microcarrier. A
photodiode consisting of two separated cells (bicell photodetector) is positioned at the



and due to the fact that a confocal m croscope makes optical sections. In
next experiment, the same mcrosphere as in the previous experinen

used. The mcrosphere was initially oriented in the nagnetic fleﬂdigﬁfam%
first magnet (Figure 30a). After having carefully marked the position of
this magnet, it was used to rotate the m#tyrosphere (Figure 30b j) by
moving the magnet 360 around the reservoir and finally placing it back in
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wher eby the T@mmﬁmmm mayibetused toanedsderthe positiog ot fg)misyocasamdetifie a
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the axis of geﬁoté’ds?ector fhe difference signal can be used to detect the arrival of the

microcarreir and can also be used as a trigger for reading and writing,.

Obviously, numerous modifications and variations of the present invention are possible
in the light of the above teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be practiced otherwise than as
specifically described herein.



mcrocarrier as illustrated in Figure 31 c. However, in the case where the
flowis not sufficiently reproducible with respect to the n‘icrosc,gge
focus, the code may not be read correctly as illustrated in Figur APR 12005
wherein the code is witten/read below the axis of symetry. As
illustrated in Figure 31 d, 31 g, an auxit¥ary | aser beam may be used to
illum nate tfg% e%%SSi ng mcrocarrier. In this case, a shadow ng effect wll
be observed, DEN NG the microcarrier, due to partial absorption or

reflection of.lLI A Fd.m,crocarrier. A . phot.odi pde, consi sting of two
separated c %*)zlréér?g;itw%lg?é?;? gﬁ%f t?)gc{ g)fl eEd 5?‘%3 i s 5@‘&”? %%@’Q‘gé’?ld%‘?gwf A NPR 2005
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crosses the optical axis df t roscope, the sane anount of light is
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m crocarrier %% sVHotOl:dPo e 18fe optical axis of the mcroscope, the bicell
phot odet ect dfhevrRasty esuptesiih beeks ﬁ@ﬁaﬁic@rﬁl‘ﬂiﬁ@ i @v&mtal 1@ e Peer yNdi cati ng

that the mgrocary.ier £lo to i.gh. S ent th e of

phot odi ode ;c)%]%an £ {zaﬁv%\ijcﬁnileg 'clgse h?ﬁﬁﬁgw‘?cg‘ré%gg‘l)o‘fﬁtﬁgpﬁi E‘igcar riers
in the fl owmertiShdidgtive sf viretdtem fabhd pinticls dw Corette dldRvisadlhilghs @f t 0o
| ow from the,;opLi.cal a2t S p FFHi hetzadi re
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focus of theoleddi Py/A94ing the | aser beam In this case, the position

error si gnalpgenes ahelasdof e W>8n bPcaRiMS in ;Bi%@h’:»fe@.c !I‘.SEéﬁ%, » 8€ Huang, D.D.

readi ng/witing,b .J.n Figure 3 since ‘the positioni error srgnal
measur ed isf%%%‘: ﬁq{ﬂr’l’é‘@ﬁ%}?&gggxé’f)ﬂ?géﬁﬂi’ea%‘%&-us was not changed. In
Figure 31h, The westeady siogoalofsdlid mgﬁeﬁbejamlgtﬂm h..ﬂf.léﬂ‘é‘i:lg, B.bmﬂ. Job@aidpﬂgmgapcusb
position is e . lLHsting,t ocus of the | aser beam can be done be
changi ng théﬁ%alﬁ'r@g?@oﬁ&gfq&?fﬁ g‘é‘h{?g of the witing/reading beamon the

m cr oscope objective. An acousto-optic beam defl ector can be used as a
device that can quickly adapt the direction of the |aser beam The sane
techni que can be used to generate a position error signal for the Z axis,
i.e. the optical axis of the mcroscope. Because there will be only a
difference signal at the bicell photodetector, the difference signal can
be used to detect the arrival of the mcrocarreir and can al so be used as
a trigger for reading and witing. Cbviously, nunerous nodifications and
variations of the present invention are possible in the light of the above
teachings. It is therefore to be understood that wthin the
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83-102. 1 5 APRGIDPBs€-43 CLAIMS 1. Method for the manipulation for an

identification gynpasedRiributith ef MedfopuRiion 0P Mbedrfierstilg chkaRerof 1 (a) an
identification purpose step of the microcarrier; and (b) a positioning and
orientation stefYPFMf % o0 or during the identification purpose step;

characterized i gbRhaksttibengdds réthGonal ghcvathent dfahé aticrobargiesp furt her
conprise: (b.1) the distribution of the population of mcrocarriers in a
one-layer system and (b.2) restricting the rotational novenent of the
m crocar r iZer Method hétondidg &ecdeinalil mgh¢reincthaidentificativerirposelseepiisent i fi cati on
pur pose step 4 i . . ect] f J tifiable or
encoded m cr gggerc ??%gl% g&tkg?ﬁ%ﬁ@c@%&d?ﬂgl@?%ﬁa&?’%&fg r\nAﬁgordg?rﬁé}t he
identification purpose step is a |abeling

3. Method according to claim 1, wherein the identification purpose step is a labeling

step resulting in an identifiable or encoded microcarrier.

4. Method according to any of the claims 1-3, wherein the microcarrier is an

encoded microcarrier encoded by a code written on the microcarrier.

5. Method according to claim 4, wherein the microcarrier is encoded by a code
written on the microcarrier by exposing the microcarrier to a high spatial
resolution light source.

6. Method according to any one of claims 1-5, whereby the distribution of step b.1
results 1n a plane configuration having two dimensions (X,Y).

7.  Method according to any one of claims 1-5, wherein the distribution of step b.1
results in a line configuration.

8. Method according to any of the previous claims 1-7, wherein the distribution step
1s caused by a transportation of the microcarriers preferably according to a

laminar flow pattern in a liquid, gaseous or semi-solid environment.

9. Method according to claim 8, wherein the laminar flow pattern is provided in a
capillary tube.



step resulting in an identifiable or encoded microcarrier. 4. thhqp
according to any of the clains 1-3, wherein the mcrocarrier is an éﬁ8%JGQ
m crocarrier encoded by a code witten on the microcarrier. 5. Method
according to claim4, wherein the mcrocarrier is encoded by a code

witten on the mcrocarrier by exposi ngd4éhe mcrocarrier to a high spatial
resolution |light source, 6. Method according to any one of clains 1-5,

wher eby t hE.dMsthodiageqrdingde ary atithg previqusglaims 17% vdiepbyfbe postionjoe asd on

havi ng two dlmm%%te(pxes\olts ﬁ%}m Nghm‘@m AREMacAY chénidMYorPislofialc! ai ms 1- 5,
wherein the distribution of _results in a line conflguration. 8.

Met hod accord’inF?@acf“(S’né’l‘i‘)f’rc‘i‘{mrtt %mp?rgwaars claims 1-7, wherein the

distribution step is caused by a transportation of the nicrocarriers

preferably, ac di r flow pattern aseous or
e st i d BrotSngreding o kRIRIE wheBR PR -SkCeirifas HiRlon Bt e ot nar
f1 ow patt er n iestrigrsahé ceatidnal moveragitlof theynicuiverriet a5 a ARRItAF@5naghétid 0. Met hod
according to any 119%0&3@%119 @}ﬁll&bléan&&al nms 1-9, whereby the positioning and

orientation step results rom a physical, nechanical, chem cal or
bi ol ogical interaction on or near the mcrocarrier. 11. Method according

to claimify Maafoatuccsrhﬁl neélahhqm Rer@bEtR PoSitibRin Ig%d%h%ﬁtatléﬁ%f)' cts the
rotati onal novenent  of crocarrl g‘ﬁ as a resu

net field
i mposed on bR EptBal ma vt oh ra&s&%am%asﬁaeseitaﬂfgf%ca\\,ﬁ@@eby t he
posi tioni ng amtboséd emileimhiorocatrkp restricts the rotational novenent of the
mcrocarrier as a result of electrical field inposed on the mcrocarrier.
13. Method according to any of the previous clains 1-12, whereby the
posi ti oni ng. Methodraceortimgito ans oEthe pesidussldims i B, wherebyhke positigpher i cal |,

the el l'i psoi dgjg n%tafti'aﬁ ste P%éu’ﬂ%‘ frdieP I '&H@be‘?&ﬁ e efii §01H111061°ﬂ‘—|@r rier.

14. Method for t e mani ati1on an identificati’on pu poseo
m crocarrier,® @éﬁﬁ?ll@n Tﬁ‘l‘félsé’ﬁ'élrﬁsmwo%m%om tioning and orienti ng sai d
mcrocarrier, b) encoding said mcrocarrier by witing a code thereon, c)

al [ owi ng L{a]&jg afn#tere CIIO on, or nsald m crocarrier,. d)
Bost ¢ 1 oni nlf- Bt igh o 17 B IdPRIfRIGR gurpose of 2 microcartir,

comprising the steps of

a) positioning and orienting said microcarrier,

b) encoding said microcarrier by writing a code thereon,

c) allowing a target-analyte reaction on or in said microcarrier,

d) positioning and orienting said microcarrier and

¢) identifying said microcarrier;

whereby step (c) may also preceed step (a).

15. Method according to claim 14, comprising one or more features of any of claims
1-13.

16. Method according to any of claims 1 to 15, wherein the encoding step is
performed using a process selected from the group comprising photochroming,
chemical etching, material deposition, photobleaching, or exposing said

microcarrier to a high spatial resolution light source.

17. Method according to claim 16, wherein the encoding step is performed by
photochroming.

18. Method according to claim 16, wherein the encoding step is performed by
photobleaching,



e) identifying said mcrocarrier; whereby step (c) may al so preceed step
(a). 15. Method according to claim 14, conprising one or nore featjus apg o5
any of clainms 1-13. 16. Method according to any of clains | to 15, wherein
the encoding step is perforned using a process selected fromthe group
conpri sing photochrom ng, chem cal etchbng, material deposition,

phot obl eachi ng, or exposing said mcrocarrier to a high spatial resolution
| ight source. 17. Method according to claim 16, wherein the encoding step

i's performed NithoRRLRERE IAMGof cldims Yol d) QgheRGS BHeiodFidnth éﬂizdgloeé%ﬁg}éhigei n

the encoding step i s _performed b phot ob] eaching.. 1 5

Met hod accorateﬁgg% Sé&%@ 8 phydicalrpectianigal Ghernicn rpr%a%logksg N{EERALIRG OB
orientation nsirefid @iwbdasriér om a physical, nechanical, chem cal or

bi ol ogi cal interaction on or near said mcrocarrier. 20. Method according
to any of clainms 1-19, whereby the positioning and orientation step
restricts20héMethdvdadcondihg troasnafidaiok 1t He whecabgdhe postiordag and esedtstiof a
magnetic fi i ] rFher.. r.di .0 claim
T30, wher ebg P e AT 16 3Rl AhFRAT L Eimictobrurloy B0 AREta il
rotational mbgkdnemosed on He miceoceTarrier as a result of electrical field

i nposed on the mcrocarrier. 22. Method according to any of the previous

claims 1-19, whereby the positioning, and orientation step results fromthe
non- spher i?daM&Bod pEFOFERE bnclaim { 8. Whetepy thsrposiioningand RIicatationst&dt i cul ar by

the el l'ipsoi dadtri@s teytbiafidhalGadveasint bOME abicRRarriet aé A eeslit@f @Rediricabfield 23.
Met hod accordi ng tdo 3H¥ of clainms 1-22, wherein the positioning and
PFese

orientation & EEIRCANEY- ow cel | . 24. Method according to any of
clainms 1-23, wherein the identification step is performed using an optical

Pdentifi CQ?! VelERBecofBn %&r@p& tﬂ?é&@ﬂﬁgglaﬁrﬁs ¢l@ Wthgr%b ‘f‘fﬂee]éc?siitfbxﬁ } d opti cal
i dentificafion mean . CoMprises a |aser Deam  or & transm s81°0n mTroscope
or a conf ocalendpoewigdeopecp msulis fromohe serAplerghlgondigursion @6 thevet hod

accor di ng t 0 ;gEMcirict MBdRE G iPPStichiRl BP hk-cRBhsohial 8 & 1fascANGAtkREtion

of the microcarrier.

23. Method according to any of claims 1-22, wherein the positioning and orientation

step occurs in a flow cell.

24. Method according to any of claims 1-23, wherein the identification step is

performed using an optical identification mean.

25. Method according to claim 24, wherein said optical identification mean
comprises a laser beam, or a transmission microscope or a confocal microscope

or a fluorescence microscope.

26. Method according to any of the previous claims 1-25 wherein the encoding
comprises the writing of a code on a microcarrier whereby the code is generated

by a spatial modulation created inside the microcarrier or on its outer surface.

27. Method according to claim 26, wherein the spatial modulation is a known
arrangement of a finite number of distinct volume elements located inside or on

the surface of the microcarrier.

28. Method according to claims 25 or 26, wherein the spatial modulation is generated
by:



conprises the witing of a code on a mcrocarrier whereby the code is
generated by a spatial nodul ation created inside the mcrocarrierqgraApRM005
its outer surface. 27. Method according to claim26, wherein the spati al
nodul ation is a knowmn arrangenent of a finite nunber of distinct volune

el ements | ocated inside or on the surfé@e of the mcrocarrier. 28. Method
according to clains 25 or 26, wherein the spatial nodulation is generated
by: 1 5 APR Z0@Banging ppg oRaregipReraeieridhe meteaiabioppdpdividiiabyolymé material in
an i ndi vi dualejesgdgre el ement, (ii) renoving material froman individual

vol unme el enent, (11.1) deposjting.material on i ndi vi dual vol une el enent,
(iv) |eavi ngr}’é}]remfﬁ’i‘ ’&ﬁ%ﬁaﬁﬁP’ﬂﬁ’g 1@&%%%%%5@&5 or a conbination

t hereof . 29. f(ﬁ@&p@biﬁ%mﬁ&hﬁbd&ﬂﬂl@daﬁdm gﬁ:mﬁlrb@éﬂj{érﬁ, a;;ayBSOWpri ﬁi ggf one or
nore steps of,. nmet hod_accor di t 0, any, of .clai 1-28. . Metho or
encoding a m%‘ﬁ&“@éﬁ% & W@agfﬁg{nﬁéle@?%w?%ng fises the witing of a
code on a m crapodhinaten tidreoeby t he code is generated by a spatial

nodul ation created inside the mcrocarrier or on its outer surface. 31.

Met hod according to claim30, wherein the spatial nodulation is a known
ar r angemerR?- d¥lethod ffori pesfopminga tatgiet ahadyie pesey venprieing bagrehmerd siepstad@ i nsi de

or on the syréiRGRaRbrdifetd Ay STk §28. 32. Method according to claims 30
or 31, wherein the spatial nodulation is generated by: (i) changing one or

nore properties of the material in an individual volunme elenment, (ii)

r enovi nlg BBt &Vlét_hbd}fdr_clzzibﬁlﬂn'g lﬁ:ﬂﬂli‘diodat?iler,\vﬂiewmt}@ @iBdihg cofniptibes tﬁep@igi!ng! Sg |
material on an_individual volune. e nt, .or iv) leaving an i .vi dua
Vol e el emertt AHER RGOSR SaRisPR IR s inerisited S5Y e fogtlics

m crocarri er oosital insidk ¢heayidrévamierton od itsbugnyurddcec| ai ns 30- 32. 34. Appar at us
for the manipulation for identification purposes of a mcrocarrier
conprising nmeans for identification purposes such as_a m croscope or

| abel i ng Aethed eprozding thflghm 3Pavheaeinthgswatiel wadylppn isadiowd. and neans

for the arrangement of a finite number of distinct volume elements located inside or on
the surface of the microcarrier.

32. Method according to claims 30 or 31, wherein the spatial modulation is generated
by:
(i) changing one or more properties of the material in an individual volume
element,
(11) removing material from an individual volumne element,
(1i1) depositing material on an individual volume element, or
(1v) leaving an individual volume element unchanged, or
a combination thereof.

33. Encoded microcarrier obtainable by the method of any of claims 30-32.

34. Apparatus for the manipulation for identification purposes of a microcarrier
comprising means for identification purposes such as a microscope or labeling
means such as a high spatial resolution light source, and means for the
positioning and orientation of the microcarriers, characterized in that the means
for positioning and orientation of the microcarriers comprises a solid support
comprising a number of wells each suitable for housing at least one microcarrier

and rotation restriction means.



positioning and orientation of the mcrocarriers, characterized in that the
nmeans for positioning and orientation of the mcrocarriers corrpr)gg Rg 05
solid support conprising a nunber of wells each suitable for hou ﬁ% g

| east one mcrocarrier and rotation restriction neans. 1 5 APR 2005 -47
35. Apparatus according to claim 34, whéfeby the rotation restriction neans
are provided via a magnetic and/or electrical field. 36. Apparatus

accor di ng3fo Aflparatusaecording teedaigiots heraby the radaianvgstricen megaseare or

contai ni ng apRARMEih AMm&Pnellt GRDEAEIEHAES fiefhi Ch reservoir is connectable to
a capillary tube and pressure differential means for providing a | am nar
flow pattern in the capillary tube. 37. Apparatus according to cl ai m 36,
wher eby f g6t gipamnip@aeidine RNAier 34 feeid c6mbrisihk @lrsersoipsinbliedr f or t he
restriction of the rotati.on of.the rricroc\ﬁr.ri ers. 38. M crog]arri er suitable
for use in aSHREHERE &PUBHA O BICORFIFS MHUCILISSTVOTdS GIUICHRDIC{ 3, 30

M crocarri er cambiarydubgatdpekairenliZftrentiabmaaiseior pediding & hahindd@owi cr ocarri er
is encoded | n the mcrocarrier. 40. Mcrocarrier

accordi ng to%?%f’ﬁngg&é%gf%fﬂgg; wher eby the encoded m crocarrier is
characterized in that the code has been witten by exposing the

mi crocarr 59! AbardtudUcdbidiiPto) Hint 52 Mk Multhéll magidtic Snadf eleMrgbpcar i er

according to claim 38, 3 wherein“the mcrocarrier further

| ) 0,. v >
conprises a Aétd Binsevidedior thayestystionaf e setator gf thgmysrasasisiant um or a
magneti c di pole nmomentum or wherein the mcrocarrier is ferro-, ferri- or
par amagnet,i in i.ts shape,.,.an ani sot inits

i,C such, h n anisotr ro
Tass i ot PBo ATRE Gt SUHENS it ‘oA HTEHBLETEneanh b BROTRIL TN B t hose
features. 42.1-M.crocarrier according to any of clains 38-41, wherein said
code is witten by photochrom ng, chem cal etching, material deposition,
phot obl eachi ng, or exposing said mcrocarrier to a high spatial resolution
| i ght souPf@e Muygcaiesreetingde clavn 8dehagpctasize an thatthe misegeertierdsi d code i s
witten by RRdREMYYURJAE wrikfen M HE GE&0EASEr. according to claim 42, wherein
said code is witten by photobleaching. 1 5 APR 2005 -48

40. Microcarrier according to claim 38, 39 or 33, whereby the encoded microcamer

is characterized in that the code has been written by exposing the microcarrier to

a high spatial resolution light source.

41. Microcarrier according to claim 38, 39 or 40, wherein the microcarrier further
comprises a net electrical charge, an electrical dipole momentum or a magnetic
dipole momentum or wherein the microcarrier is ferro-, ferri- or paramagnetic as
such, has an anisotropy in its shape, an anisotropy in its mass distribution or

wherein the microcarrier has a combination of these features.

42. Microcarrier according to any of claims 38-41, wherein said code is written by
photochroming, chemical etching, material deposition, photobleaching, or

exposing said microcarrier to a high spatial resolution light source.

43. Microcarrier according to claim 42, wherein said code is written by

photochroming.

44, Microcarrier according to claim 42, wherein said code is written by

photobleaching.



45. Use of a mcrocarrier according to any of clains 38-44 or 33, in a

hi gh- throughput screening assay. 46. Report conprising informatignAPR 2005
obtained in a use according to claima45. 47. Method for the preparation of
an encoded mcrocarrier according to any of «clainms 38-44 or 33, conprising
the step of witing a code on said mﬁggcarrier. 48. Met hod according to
claim47, wherein said code is wittein®y photochrom ng, chem cal etching,
mat eri al deposition, photobleaching, or exposing said mcrocarrier to a

hi gh spatial resolution Iight source. 49. Method according to claim48,
wher ei n sadd dbdefagnigracatrien atoprdihg tcoaiyrad clamgs 38@4 avdBhiack Ighor di ng to
claim48, whergin said code is witten by photobl eaching. 51. Conputer for
nonitoring a ﬁ?’ﬁﬁg]?%lfg‘ifﬁ%ﬂgaisy’get-anal yte assay with a mcrocarrier
according to any of clains 38-44 or 33, wherein said conputer is linked to
an apparatus according to any of clains 34-37. 52. Device for

hi gh- t hr outfho RRePpH cgBprising infoEmatiosegbtainedin g use ggecardingnp olem 45accor ding to
claim51 and an apparatus according to any of clainms 34-37.

47. Method for the preparation of an encoded microcarrier according to any of

claims 38-44 or 33, comprising the step of writing a code on said microcarrier.
48. Method according to claim 47, wherein said code is written by photochroming,
chemical etching, material deposition, photobleaching, or exposing said
microcarrier to a high spatial resolution light source.
49. Method according to claim 48, wherein said code is written by photochroming.
50. Method according to claim 48, wherein said code is written by photobleaching,.
51. Computer for monitoring a high-throughout target-analyte assay with a
microcarrier according to any of claims 38-44 or 33, wherein said computer is

linked to an apparatus according to any of claims 34-37.

52. Device for high-throughout target-analyte assay, comprising a computer

according to claim 51 and an apparatus according to any of claims 34-37.



