| ENCODI NG OF M CROCARRI ERS This application clains priority benefit to
United States provisional application serial no. 60/129,551, filed ?ﬂ
April 16, 1999. The content of the provisional application is - T0CT 2001
i ncorporated by reference herein. Field of the Invention This invention
relates to encoded mcrocarriers, and nore specifically to mcrocarriers
havi ng codes witten on them Any reference in this disclosure to codes
witten "on" the mcrocarriers includeslcodes witten on the surface of
the mcrocarriers as well as 10 codes witten at an internal depth of the
mcrocarriers. This invention also relates to methods for witing codes on
m crocarriers, methods of readENGODINGHMICRAGARRIERS 0ds of using the
encoded m crocarriers. A preferred nmet hod of encoding the mcrocarriers

i nvol ves exp I 0 iers eachabl bst ance .to a

hi gh spati al Oﬁ&%ﬁpﬁ]ﬁ%%clﬁnﬁﬁfmgg é-‘tgooaﬁ’b'?égiéﬁcs %“%Q{&E@Ppﬁﬁa‘{%é rial

m crocarri er smo. W&%ﬁleﬂcdmteﬂpm 16r B98r Thecantantyf theprovisidnal applicesiamis| e, as
support e erjhalSorktBd 6 @fkéndd hedlil bi ol ogi cal assays and synt heses.
Description of the Rel-at ed Art Drug discovery and drug screening in the
chem cal and bi ol @yél€ of thakdvensi@dmonl y i nvol ve perform ng assays on very

| ar ge nunbers of conpounds or nol ecul es. These 20 assays typically include
screeni ng cheMisiaventipipredatdsdsericodedguinmpoarriers, anfl niord speeifically 3¢ migrodanders or
particular tafgR chmﬁn l!h&nt Y raagrye%?ﬂnswm&em é&e%frﬁé@low for

chenm cal and ecul es. The

I C ons of |nterest_ between no
assays descr ‘E)E‘bc“g’&fﬂ?? 'Bcg‘fdg §H"{? d‘?e meEragicERasarelliasdi vi dual
chem cal Hr doiled vaifieaat arrintail depth. oflﬂmrm:emam‘pére. This ihvesfiotiatsoavieteytoassay nay

i nvol ve test'rﬂah&éf&{}mta B6ifs 8 nf QR eaagagm&adﬁlggﬂgﬁsdmn&arget

anal yte. Any co at are to react or ot herw se

i nteract wtH"§ ﬁ'&?‘;ﬂdémﬁﬂﬁarﬁﬁ'ﬁ B eSrrred anethogrof spRpdineticer of
utilities vvhemerdchacmhmelvkapommmedcmmmhat baty £blesthibde bbswafice to a

S1 gni {1 Cance. pi 30 AW orlghPLARE S Blead AR Slerdelridh® 143NC 1 N0 of

t he Iarge nu . I ndivi t1ons requrre I'n the assays descri bed
- above. Pe %aﬁc?%%g‘fmeﬁ‘a?ﬁ ‘E&‘ﬁ? rﬁW%ﬁF@Wﬁ@“ﬁ@é@é&F@@'ﬁ%aﬁ‘hbel and
track each r efiaibgics) asskysranésyatheses, if a reaction of interest is observed in
only one in a grorpp of thousands of reactions, the researcher nust be able
to deternine whic em‘@#"ﬁﬁélﬁﬂi%éﬁds of initial compounds 35 or

mol ecul es pr 019#&3 %JScévQ%ta.nd Sm%tscl:rggﬁing in the cgemzcgloa%d %iological arts commonly

involve performing assays on very large numbers of compounds or molecules. These

20  assays typically include screening chemical libraries for compounds of interest,
screening for particular target molecules in test samples, and testing generally for
chemical and biological interactions of interest between molecules. The assays
described above often require carrying out thousands of individual chemical or
biological reactions. For example, a drug discovery assay may involve testing

25  thousands of compounds against a specific target analyte. Any compounds that are
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.

30 A number of practical problems exist in the handling of the large number of
individual reactions 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

35 or molecules produced that reaction.



One conventional nethod 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 what indivi 86ki2003
reactants were used in each vessel. Thus, for exanple, when a reaction of
interest is observed in a vessel |abeled as nunber 5 of 5 1000, the
researcher can refer to the record of reactants used in the vessels and
will learn fromthe record of vessel 5 what specific reactants were
present to lead to the reaction of interest. Exanples of the high-density
arrays referred to above are 384- 864-, 1,536-, 3,456-, and 9, 600-wel |
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25  For example, methods have been developed to carry out high-throughput assays and
reactions on microcarriers as supports. Each microcarrier may contain one particular
ligand bound to its surface to act as a reactant, and the microcarrier can additionally
contain a "code” that identifies the microcarrier and therefore identifies the particular
ligand bound to its surface. These methods described above allow for "random

30  processing,” which means 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.
35

The practice of random processing described above requires accurate encoding of
each of the microcarriers separately, and requires accurate and consistent
identification of the codes. Because assays using random processing rely heavily on



I dentification of the codes. Because assays using random processing rely
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identity of the underlying ligands on the microcarriers that produced the favorable

reactions. This cleaving step naturally extends the time and effort necessary to
25  determine the results of the tests.
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In light of the above, there rematns in the art a need for simple ways for identifying
single microcarriers in a massive population of otherwise identical microcarriers,
especially ways for encoding a larger number of unique codes that need not be

30 attached as foreign bodies to the surfaces of the microcarriers.

Summary of the Invention

An object of the invention is to provide a microcarrier that is encoded without the
need for attaching a foreign object to the surface of the microcarrier to serve as the
code. Another object of the present invention is to provide a method of encoding

35 microcarriers that may provide essentially unlimited possibilities as to the varieties of
unique codes that may be written and read on the microcarriers.



uni que codes that nmay be witten and read on the mcrocarriers. - 7 OCT
2003 4 The present invention fulfills these objectives by providingy §cT 2003
m crocarriers having codes witten on them Preferred mcrocarriers are
m crocarriers containing bleachable substances, for exanple, fluorescent
nol ecul es. A preferred nethod of encoding the microcarriers involves
exposing mcrocarriers carrying a bleachable 5 substance to a high spati al
resolution |ight source to bleach the codeés on the mcrocarriers. This
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25  microcarriers coded with color or fluorescent tags, which carry a more limited number
of coding possibilities. The microcarriers of the invention are also superior to
microcarriers coded with moieties attached to the surfaces of microcarriers. This is
because the writings on the microcarriers of the invention do not carry the risk
associated with those known microcarriers of potentially interfering with the

30  analyte/ligand interactions that take place on the surfaces of the microcarriers.

Additional features and advantages of the invention are set forth in the description
that follows, and in part will be apparent from the description or may be leamed from
practice of the invention. The advantages of the invention will be realized and

35  attained by the encoded microcarriers and methods particularly pointed out in the
written description and claims. Both the foregoing general description and the
following detailed description of the invention are exemplary and explanatory only
and are not restrictive of the claimed invention.



and are not restrictive of the claimed invention. 5 Brief Description of
the Drawings Figure | illustrates a nunber of principles of conventi-@ryﬂdzﬂm
m crophotol ysis and SCAMP. 5 Figures 2a and 2b illustrate a bar code an
ring code using different intensities, with each intensity being denoted
by the different colors shown in the Figures. Figures 3a and 3b illustrate
confocal inmages of a mddle plane of an FD 148-dex-ma m crosphere before
(upper) and after bleaching (under) a stripe of 3 pun at 10 approxi mately
10 pm under the surface of the m crosphere. Figure 4 illustrates

fl uorescence recovery, curves of FD148 in 148-dex-ma m crospheres (A) and
FITC i n dex-ma ni cPHeiRrasrrtionp{dbeiPrawingss| TC by subnersion in a FITC -
solution (B). (15 Figure 5 illustrates a gonfocal jnmage,of. a m ddle plane of
2 FD 148 dex FHee LUEES g oppb o Bomp B d Romanane L roppary Sgathe ry' by
SCAMP. Fi guresCaddiand 6b illustrate confocal inmages of the middle plane in
a 45 mFITC 20 | abel ed | at ex bead one hour after bl eaching of a barcode
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one hour aft g?m%f)sé:g‘%ﬁib%%ggpﬁﬁcﬁeagﬁg%%%ggdﬁ?ﬁewwo S&':&c‘gjn%f}g Figure | Ca
i | lustratd® c@mr%@ﬁtemgg@smﬁpr%mcap@atmspbﬂm fferent intensities, and
Figures 10b to | Od graphically illustrate the different intensities within
L Ihe Cﬁdgsi 33_Fﬁu&#iﬂt&su|a_tek ﬂao@@égcbzacobé%u%&éﬁdwm@mémtdem%@es 01;] _ coldles
eached to dif.feren i\ Jd an igure : aphi ca
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Descri ption ofn2 RdCselaier (Fon - 7 OCT 2003 6 I n one enbodi nent, the present
i nvention lbel ates to microcarriers having codes witten on them The
M crocarriers pgurd ifludtakes A toFocalRagh 6f ARERI Pla@lof AOFD AU SIIRL-Fha

microsphere after bleaching an arbitrary geometry by SCAMP.

Figures 6a and 6b illustrate confocal images of the middle plane in a 45 pm FITC-
20  labeled latex bead one hour after bleaching of a barcode (Figure 6a) and barcode plus
number (Figure 6b).

Figure 7 illustrates a confocal image of the middle plane in a 45-um FITC-labeled

latex bead one hour after bleaching of the code R1247.
25

Figure 8 illustrates a confocal image of the middle plane in a 45 pm FITC-labeled
latex bead one hour after bleaching of the logo of Ghent University.

Figure 9 illustrates a confocal image of the middle plane in a 45 um FITC-labeled
30 latex bead one hour after bleaching of the logo of the Tibotec company.

Figure 10a illustrates confocal images of codes bleached to different intensities, and
Figures 10b to 10d graphically illustrate the different intensities within the codes.

35 Figures 11a and 12a illustrate confocal images of codes bleached to different
intensities, and Figures 11b and 12b graphically illustrate the different intensities
within the respective codes.

Detailed Description of the Invention



any materials that are routinely used in high-throughput screening 2003
technol ogy and diagnostics. For exanple, the mcrocarriers my be négg
froma solid, a sem-solid, 5 or a conmbination of a solid and a sem -solid.
Non-limting exanples of these materials include |atex, polystyrene,
cross-1linked dextrans, nethylstyrene, polycarbonate, polypropylene,
cel l ul ose, polyacrylam de, and dinethylacrylamde. Preferred materials

i nclude | atex, polystyrene, and cross-lifked dextrans. The nicrocarriers
may al so be prokaryotic or eukaryotic cells. 10 The microcarriers may be of
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may be written at an intemal depth of the microcarriers, and more particularly in the
25  center plane of the microcarriers. Depending on the shape of the microcarriers, the

center plane may be a preferable location for writing the code because it may provide

the largest surface area available for writing. Furthermore, for microcarriers having

curved surfaces, it may be more advantageous to write the codes at an internal depth

rather than on the curved surfaces. This is because it may often be more convenient
30  to write and read the codes on a flat plane rather than on a curved surface.

The microcarriers of the invention may contain a bleachable substance, and the codes
on the microcarriers may be in the form of bleached patterns within the bleachable
portions of the microcarriers. The microcarriers may contain the bleachable substance

35 either on the surface of the microcarrier or also within the body of the microcarrier.
Any reference in this application to the bleaching of substances "on" the microcarriers
includes bleaching at the surface of the microcarrier as well as bleaching at an internal
depth of the microcarriers. Preferred bleachable substances include bleachable



fluorescent or el ectromagnetic radiation absorbing substances. The
mcrocarriers may contain bleachable |um nophores. Exanples of -T0CT 2003
| um nophores that can be used include fluorescers, phosphorescers, or
scintillators. Bleachable chem | um nescent, biolumnescent, or col ored
substances may be used. The bl eachabl e substances may 5 be, nore
specifically, fluorescein isothiocyanate ("FITC' ), phycoerythrines,
coumarins, lucifer yellow, and rhodam ne.7 The bl eachabl e substances shoul d
be chosen so that, when bl eaching occurs, the code remains on the

m crocarrier for the period of tipe that is desired for the use of the

m crocarri er s TUHESCEH T Hedtwsagnajic radiatign abporbing sybstansere SThemigrocarders sy aj n

amount  of d|fémmmemamemmmecembmwm@@hmsmattdaﬁbbh@ammmear eas is
accept abl e asﬂL&E&e@fph&{bﬁoﬁc‘%&“{, seinfiffat 5. %Fgﬂﬁﬁ%’c %{mé eser ed. Codes

bl eached on m crocar pe Wi ¥ ¥ent intensities
of fl uor escebiglmineseent, 6F GWFF%WS%MQ&@%HB weaghﬁleqcmlwubmms magrs. For

ETaHDIhe ast Eb@ﬁfgﬁ’@@eﬁﬁﬁhllw%ﬂﬂ?ééc&@f%ﬁioﬂy@%Q‘fF!TC'}j[ Hyeée?mmﬁ& r feles of
eacnl ng, ere se ensitlres O uorescence
bithin §he bl SRR HERCee 5 Felmine. TRC PAchtls Sibpices o Eﬂa'gf

be encoded
not only by td@sgeﬁ@m,r\yheuﬁﬂmﬁmmmnhﬂ dode eentains ondie mheacmricr foctheri ers, but

glos?nbgng [‘ﬁerﬁgmﬁfogdhf:mfﬁ'&&sﬁeb mmﬁﬁgﬁﬁ% &E&&b&fﬁé&&d\% x!;gﬁ pat t ﬁr n.
V | iti
codes on i cf ?#tgeg"desrh %&ﬂ“ﬁ@?“%&%&éﬂ% Bf%PrE?"é‘ch}t‘% h

either
on the sudfacistp tb¢ bleadhed areavipaneptibly as long astheausefnhlifeofithe codepis presérvedae
m crocarriers. The codes can be witten on the mcrocarriers, for exanple,

by using a hi ghdes BRhiRY of BF@bddireN ndy éHbtbe vﬁ%ﬁ?@hav%'dﬁ’hsréﬁnﬁenkﬁiﬁ%ﬁ a | anp,
or a source that emts Xir ‘%ﬁ’@@ B }é&x I.on or_any f or m of

el ect r onagnet 'éor?sﬁmcﬁﬂ%ﬂ\“r l5is] aé?i’ﬁ" §H“‘H@°W‘?"ft%ﬁ°6ﬂ“ﬁ frd

m crocar ri er sbledched gpdingnycohtaose verel diffeccnieddgoel ofbledehing, théxelpy kfvener ed et hod
for writigg sebeapcﬁée%mllﬁeﬁsmeeagﬂm&éa&nuéelm L& BlkhedRRbA & a &fﬁael ution

|'i ght source, E@gdln artic cé’aﬂiaser arrplntgonbln B?fﬁ“ha
confocal i cr OSEoPETCRNGERG 2 ﬁ“ﬁﬂ“ tRsRePBEMYPE the FRjtepmhlle s is by
bl eachi ng t heorcthel migrocagrieps, éa@ﬂﬁalbh(eht@@e s fferantdiomscenhintensitesowishin iher .
Preferred bl egglgbl e substances in this nmethod include those substances

I dentified above in the description of the mcrocarriers, and I ncl ude
fluoresce | ecul es th reg ard.to the volu f materi t hat may be

bl eached %\n {TR’iaH"'F'Ffee"l‘hogv'r“leh#'re ’e‘?"gm"d'ﬁ]éteé}{’eﬁfﬁftge%% T $THERE & 6P’E|me i s between
one cubi ¢ nanwstcarricssn 0 he imgthiod oap be used itd writetthr eded eithheomthe swizaesrdfer . 35 One
preferred net {ieehié@¢arnidrd br 20 gh infienal oﬂﬁbﬁlﬂ?ocmrﬁfso%é%&géax{& through the

e o S e R ORI b e i bSO, 0 o o
new phot obl ea#iraggsuch as  laser, a lamp, or a source that emits X-rays, o and B rays, zon beams,
25  orany form of electromagnetic radiation. The codes can also be written on the
microcarriers through photochroming or chemical etching. A preferred method for
writing the codes is through the use of a high spatial resolution light source, and in
particular a laser or a lamp in combination with a confocal microscope. Another
preferred method for writing the codes is by bleaching the code in a bieachable
30  substance on the microcarrier. Preferred bleachable substances in this method include
those substances identified above in the description of the microcarriers, and include

fluorescent molecules. With regard to the volume of material that may be bleached
within the microcarriers, one example of such a volume is between one cubic

nanometer and eight cubic millimeters of the microcarrier.
35

One preferred method for writing the codes on the microcarriers is through the use of
scanning microphotolysis ("SCAMP"). The technical features of SCAMP were first
described in P. Wedekind et al., "Scanning microphotolysis: a new photobleaching



- 7 OCT 2003 8 techni que based on fast intensity nodul ati on of a scanned

| aser beam and confocal imaging," Journal of Mcroscopy, vol. 1767 7 0PP- Zﬂﬂ.’i
23-32 (1994), the content of which is incorporated by reference herein

The above article discloses the use of SCAMP for the bleaching and
visualization of patterns in a thin fluorescent |ayer of nail polish. 5 The
article does not suggest the use of SCAMP for encoding mcrocarriers. W
have used SCAMP for witing codes on the 8 crocarriers by bl eaching
fluorescent nolecules within the mcrocarriers. Photobleaching is a

wel | - known phepanenon referrlng to he fagl ng of colors due to the fact
that certain ‘Eﬂaéwsonlesta}msﬁt&gm igiion ok m ersencdiassr bramaand GpRfaetht wi | |
cause the pi glimatgm@ JooinaCef Misroscpy 22hN36,pp. 2832 @994)] hatdngenbowliiciliown. Thi s

> 2l sa the regsgn it LARLESERNL ARLERNARIOTIAR HENL dr3cHMFRP uher

excited by a po aser eam of 'speci many years,
f1 uorescence el asm%ﬁ@@hwmf)paﬂ%mlaqmeéluom%t layer oErpili®lish. uor escence

recovery afSte%@hﬁ&@ﬂh&%ﬁb@ﬁcsﬁ&Ememfdﬂ%ﬁ%d nfitraifriérile nobility of

fluorescent nol ecules in bot biological media, like cells and tissues, and

?onh bi ol og| c%k rredl a. g?%‘tfﬁfj’é T%’h CMF%E%%C&@E"’&BPM obl eachi ng
echni ques,
M cr ospect ros@l@gysceﬂ luole@lvewt}lln(thqjmicrocammsMPhMabieacﬂmw%wkﬂ-kwn 199- 228

Sorut ] ons aa B °&E“@b“kﬁ“§§2“%tfﬁﬁs°fkm’%§? B iR Wi dligls A1 0 L
ut i u | u Vv
27, pp. 14901 Ef’%clwga') shof, g g pibmt vill S e prbgentsmORle e ite S V'O
Dextran Met ha@n%"&ﬂ@ﬂﬁnﬂr@ﬁh@m. thoshasa@nwdwéhhome@tm@m&és oft8tanni ng
Laser M cr 0Scen o bibas weR bR BPa potkful B0 bBin of BEIRCRIRILA97) . 25 The

mobi lity of fluorescent nolecul es can be neasured by bl eaching
(photolyzing) . the fluorgscent nole t he foca rea of a
|t Cbearn  WEPLHRE ARG iAo P hdP ssBies: dated a ).
| mredi at elly afluenescenasirenovery Iaﬁaqﬂlom@eaqud'éﬂb@"ﬂ yrpreolad:d tp sy the ‘naability
m I I'i seconds, oﬂmtkuﬁ&bém nﬁiéceneyﬁtb%d) Hlaégeal bRaA) NRASIN £ thiiRs, ah®heery of the
uor escence in.the eac

Lo oo bAaieL e P R G ks S il les i
bl eached area Ne@ﬂieghmweiof Bpticg) MicTdseopyland Mitrespestréscopdi REUCSheoy (ed- e, a
nmeas g r le for dt mcmuiafnugw Yorl§ 95{1@999@0@91 )D€ Skldg & BﬁQS&mgalqmoEﬁ?%%ct ively
i mobi | e nmo en e ived fromthe
f1uorescerfte PB 391 ‘%“fﬁ “’b‘?“éé%nﬁtgﬁ"%%yegr E@Hﬁ’f %{x The nobil e
fraction, R, iMacrbafolaculds, yol. 27,ppolil -146 K{99%); Re Smedt et al,, "lefusxon of

Macromolecules in Dextran Methacrylate Solutions and Gels as Studied by Confocal

Scanning Laser Microscopy,” Macromolecules, vol. 30, pp. 48634870 (1997).

25  The mobility of fluorescent molecules can be measured by bleaching (photolyzing)
the fluorescent molecules moving in the focal area of a light bearn, which can be
particularly a laser beam (Figure 1: A, B). Immediately after a short bleaching
process, typically about ten milliseconds, a highly attenuated laser beam measures the
recovery of the fluorescence in the photobleached area due to the diffusion of

30 fluorescent molecules from the surrounding unbleached areas into the bleached area
(Figure 1: B, C). The characteristic diffusion time, 2 measure for the diffusion
coeflicient, and the fractions of respectively immobile and mobile fluorescent
molecules can be derived from the fluorescence recovery in the bleached area (Figure
1: D).

35 The mobile fraction, R, is defined as:

F(o0) - F(0)
R=
F(@) - FO) ,



F(i) - F(O) , - 7 OCT 2003 9 where F(i) is the fluorescence intensity of
the bl each spot before bleaching, F(0) is fluorescence intensity 02 t he

bl each spot just after bleaching and F(oo) is the fluorescence int rﬂﬂt?ﬁﬂ]
of the bleach spot at a long tinme after bleaching. 5 In photobl eaching
experinments using a conventional (non-scanning) |light mcroscope, a
stationary (laser) |ight beamis focused on the sanple during both the

bl eaching process as well as the recovefy period. The stationary position
of the (laser) Ilght beam during the bl eaching process results in a

hot obl hed tr
Ploht o oscuieer QU ik Aidring iibthid of (e BRAT. bt pfe itadingt ) B or | s
in di anet er, rosserase intengty ofithe bigach enot Bisaftepbleaching ead Fsoximthet o t he

stationary |a&%&es%@é%teﬁhg%fmﬁabﬁsﬂd@aﬂﬁbﬁhemﬁéMbﬁﬁc}ﬂgea(:hed spots t hat
~are typically 10 prn - pmin dianeter or even l|larger, as schematically

illustrated in uI 1: BIll. 15 The avail|ability of Iaser light scanning
m croscopes OHERRIEDIFAChing SYRsTimERis using 2 Fopventipnal (Bomesamnige)light micraserpe. The
combi nati on od stpioatrg (lust)dighbisean is frnsed og theaaeiple doridgist theblacteppy | ead to

the d I I &

sampl Svﬁy"ﬁﬁ“’% nag@%ﬁ?‘é’ggf oYyl s I8 ?%‘8*“2%% R Sy é%ﬁé%ﬁﬁf‘ﬂ'g”?aier
intensity I eViep@ duping the bleaghing progspsreailie eﬁﬁfcﬁﬁtaéh@@t%‘c

nmodul ati on degeomemsutl&ngm-@mﬁltgh@pﬁdmsa&,pemmh&n@meﬁ :ﬁﬂﬂ‘aﬂiateﬂ'he "
conbi nati gn - 9f, fh ;}Er? 1959. u?'%i?xh&gﬁ,“ FR0RERS MDD edﬁ?&ﬁ%‘?hochgr dietd e i ch

gener ates extrenel ng. pul®ses, prev |ng of the
bl each spot t%‘l‘m%@’é‘?f This rrsult n e cisplas Rigashedipptsitaat asdymeallyonger

phot obl eachi ni jirh PBE u@itldinieteSbrakeDlafey, as schsfiticAibilustitaiNg Figuleow®-f Or

bl eaching spofs of less than a micrometer in the 25.sanple. Figure 1
illustrates schematically how SCAVMP proceeds to neasure the nobility of
fluorescent nolecules. First, the fluorescence al ong one x-line of the

pl ane of Iht eFhegyailapility ofdaserlight sanaing micsescenss ppensd Rew PRRTARties foF ne (Figure
1: A-dotted |miiphotSigsiomethods. Ihe sombihationPIpRitolyss, Geand sdafdin@and hi s x- | i ne,

. which di 140l alaBechB (1 LI HERALAAREH o SEAVEFSERNS Byl cached

(Figure 1. B- nuriber o segnent s
are freely seqce@?ﬂmftsWt%é%@lﬁb?%ﬁ%&@“%@%%ﬂ%ﬂé&%% of this
segnent occurghorblehdhingtlasaPintehsityl 1a¢ty in b thas 6 aiiGoRveid sihg Sn SReint

acconpani the | aser
peam " TyprsalodtishE BRRLA X o ot 8. ndpﬂﬁ*“ FagRasbrhtr 150 S nfion
intensity | ev élea@hl dysing seapping and the §s=| thgeXOM; whigh msrates extremely

short bleaching pulses, prevents the broadcmng of the bleach spot that occurs in

conventional microphotolysis due to longer photobleaching times and the stationary
laser beam. SCAMP allows for bieaching spots of less than a micrometer in the
25 sample.

Figure 1 illustrates schematically how SCAMP proceeds to measure the mobility of
fluorescent molecules. First, the fluorescence along one x-line of the plane of interest
in the sample is measured by scanning this line (Figure 1: A-dotted line). Second, a

30  small segment {e.g. 3 pm) on this x-line, in which diffusion has to be investigated, is
selected to be bleached (Figure 1: B-I). The length, position, as well as the number of
segments are freely selectable by the SCAMP software. The photobleaching of this
segment occurs at the time the laser beam scans over this segment accompanied by a
temporarily strong increase in the intensity of the laser beam. Typically, the ratio

35  between photobleaching and monitoring intensity levels of the laser beam is larger
than 100.



- 7 OCT 2003 10 As SCAMP nakes use of a confocal mcroscope, fluorescence
detection is not only allowed at the surface of the sanple, but also at an
arbitrary depth in the sanple with little interference by scatterddl{T 200
radi ation fromout-of-focus |evels of the specinmen (as encountered in a
conventional mcroscope). In contrast, when a fluorescence lanp for 5
I1lumnation and a conventional (non-focal) mcroscope is used, only the
surface of the beads is typically observuéd. An encoding at an internal
depth is therefore generally difficult to observe with an ordinary

m croscope but becomes well visible wth confocal optics. Both the
confocal and fsDEAMEmekestuss el copfoea} anierpscop; Auerescerge|dgtrctiongs aetpalyng and
readi ng m cr ORI titsuiidelof B8 kirRe bodata SNGbivatydepthan IR siinfle QA i er .
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"volve bl ead Hh R PHAF Srded: AEenpoing o5 ieri Arap SRl s of
intensity in geeriyhkiffiowtoobsdyvecwithanbrdinary nicresdpe but headds welbmistble conveyi ng

the informati QRhicBnbbl oftf3! BBthhe dohifocal @RS ahrdifSlchrurels Of Bk WRLLQBpsan al so be
conveyed by different |.ntegl§|t:es within the atterns. The

. I eaci:hed_
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pernit smeill emicrockeserofhisieventiavipcearlyidistipguished Somalliotiger sprlicationbut st |l |
%Qg\r/gggpgi e'; Q%S%ﬂ%n exa olﬂgm{?ﬁ’ggrcgés}isl@%ﬁheélgggg“cliilbﬁgﬁatﬁg&fhe 'H\%ntion to
bl each four diSCAMESR TAYEHAY pRdmieRosRiees s aPeetlc SRR BRLBAbI | shed
in a nunber ofenaaeling by fcomfoent teakpligues.by repeated bl eachi ng over sone portions
of the bead relative to others, or by dissipating different 25 | evel s of

acousti ¢ p@Verrhk fefoddorfd\al Bt R)q%ﬁné’-cdalewrﬁmc}&aﬁifers%gyf dioqRoliedSer powers
that will cre ie bl eached patterns ha\cgrilg d|ffergnt |_nt,e3€e;st Les based on
the power of Dfcachife the migrocauers tp produce %8?‘1'7"5'!50 tenpLy VAYSUORMEES es 2a and
2b are two exaivpthed irothe coldgd bsadditmacheniveysngthe aifdrinetienin’ thedesigs of thes, one

it ongi 11 s | G iBelf i6ofiig catilidbeRoki gl AR Al iR MRS | o)

H gores. | B f 1 Glearied pEtERs ToF TR dneTpts Bemeram R BL PR U EP RNy 1 or ent
breadt hs @0 tning perdt smpllet endesnsthe micedramisrshthussaving lspace dmigil coanytitnger

embodi ment  of {eGmk RNGRrioP Pofefdrahigie idthtifeAY AilleiSocRRSS. APad BAnBRCOded
m cr ospheres of, the Enven rformed with

an 35 ordi nar Jt HPEFB c?ﬁ‘ﬁ?é&ilf‘g %ftheg?‘g%{ﬁiggpgle&%}?F"I"fggig%’?ef'gﬁé“%ﬁestqﬁéhem crocarrier
or, if the mbeadscFhisiarbe ascamyfiishediinmnimber phiwaysufoeeampde, burepeateder nal dept h
of the m croCafeatifihg over some portions of the bead relative to others, or by dissipating different
25  levels of acoustic power into an AOM to produce a plurality of different laser powers
that will create bleached patterns having different intensities based on the power of
laser light used for each portion of the code. Figures 2a and 2b are two examples of
codes bleached using different intensities, one with a bar pattern, the other with a ring

pattern. The different intensities in the codes are represented by different colors in the
30  Figures. Different levels of intensity can also be combined with different breadths of
the coding elements, such as bars in bar codes.

Another embodiment of the invention relates to reading the codes on the encoded
microspheres of the invention. Reading of the codes may be performed with an
35  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. In
particular, the codes may be read by suspending the microcarriers in an aqueous



Readi ng of the codes may al so be perforned using a confocal mcroscope. In
particul ar, the codes nmay be read by suspending the mcrocarriers in an
aqueous - 7 OCT 2003 11 environment, placing the mcrocarriers bet nédlb Tt 2643
gl ass slides or placing themin nicrocaplllarles and observing the codes
t hrough a m croscope or confocal mcroscope. 5 Another enbodi ment of the

I nvention relates to nethods of using the encoded m crospheres of the

i nvention. The microcarriers may be usedias supports for the neasurenent
of bionol ecular interactions, for drug discovery, receptor binding assays,
t herapeutics, nedical dlagnostlcs conbi natorial chem stry, isolation and
purification WVIWW%PW%EWMEWF@QW glasssbidésonplotingthemdanol ecul es

for 10 anal yt infcbcapillaieds@d obse@hifEthe é6des HIBVERa mikros Pt BFedARILE, enzymati c
catal ysis, chem ca nodi fication, hybridization reactions and forensic

appl i cations. B%rocarriers may preferably serve as supports for
chem cal and biol ogi cal assays and syntheses. In this capacity, the
m crocarri &r sAnefercowodiinentof éhednventiorerelatayanoiethids diosingl the@nedded sur f ace of

the i or 0Car T inkfdsphdbiorieAndie g oiRELRRS hlaf b8 ulhs biiRens RpggONt 2t ed
w th target anal es t‘{cﬁl e g?érpe t he 'gsu sence’ or absen particul ar
anal ytes of i Pﬂffﬁ% pleragtio ’E’[SSF“E&‘SF%W%(S?FBP‘H&‘EWQ‘&I chenmistry
reactions peaiswsnﬂntamuntshmedmammgmsncsceranmahdl clpmistry, lsshripd &st of tar get
anal ytes for ﬁmcaﬁeﬁr%eamo%mgpu@uuaH&M&nw B HilFoRlLAAS TS, ANt 1 RO o,

receptors,l enz nuc el c, acids, drugs,
hor mones, Pat gﬂﬁ‘g}@‘ﬁ%‘ PUgPg r%lectb"r“ tamé‘ﬁ‘éﬁa gy matisrcatalyisiscehemicaby

i nterest. V%emhélﬁcamnrhybndtmuonmmmﬁd fdvensischpplicgasid. bi nds or reacts with
a target analyte may be determ ned by conventional techniques used in the
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| um nonetric resgotp1 of I tric, 25
cheni | uni nonefd s¥ntheses. ¢1n this sanagie: the micracagisrs may qopain P’Q‘éﬁ&‘%@)hgﬂdﬁ o the
m crocarrizr baindtathesefite ofthe ingrabesiegn dlie figarditaimd mivrdcagicpy maeches of the

anal ytes of 'EE&B%MW%%&%M@Stb%e&ﬁﬁxﬁ@ﬁlggre egxpéb's&l%t I%ag{@ﬁ are of the

m crosphere I s chan exa n eln Sl ghature

may be the re¥intes “é“?ﬁr(?fﬁ‘éh ‘bﬁls“P@ététf?rGHmPﬁa‘P“Gé’Ewmnﬁhe bi ndi ng
or reaction tpdfosngl actbe meroeeier- bhmdll:ggﬁcﬁmnﬂleanﬁﬂai;gbmnalﬁeef&&he

M Crocar i ef Smidi@delGilulife %ﬁ{cﬁﬁgm&i&gc{] abfBRd R, HAGEAPEaptehs, G0 il &, 2

fl uorescegﬁ?e assom at. t %} &%@Ot enm ca t1ron pectrum
of chemi c& affgeHiSdIeB eé'aﬂu"lf’ﬁﬁﬁ - Srugs; harmeneseRathogens: oXiah O amsotheTi gands t o
t he mi crocar r ¢hemgcalsfor riolecilas/afnintemst, Wietise of non ¢ tiicrocdmiidribeand ligahd diadal | 35

Functi onal i ti gSedciakitid BrgbCithlyRGhdy BéSRRrhied'bPlbnl B BHA MM hiqR& ST
t echnol ogy an&lje art for that determination. For example, the reaction may be indicated by a
luminometric response. The reaction may be indicated by a colorimetric,
25 chemiluminometric, or fluorinometric response, The ligand bound to the microcarrier
of interest may be designed so that, in the presence of the analytes of interest to which
it is targeted, an optical signature of the microsphere is changed. For example, such a
change in optical signature may be the result of a photochemical reaction that occurs
when the binding or reaction takes place between the ligand and analyte. The
30 microcarriers may then be observed under the microscope to detect a fluorescence
associated with the photochemical reaction.

A large spectrum of chemical and biological functionalities may be attached as
ligands to the microcarriers of the invention. These functionalities include all

35  functionalities that are routinely used in high-throughput screening technology and
diagnostics. The ligands may be attached to the microcarriers by means
conventionally used for attaching ligands to microcarriers in general, including by
means of a covalent bound and through direct attachment or attachment through a



di agnostics. The ligands nmay be attached to the mcrocarriers by neans
conventionally used for attaching ligands to mcrocarriers in genﬁéﬁt

i ncluding by nmeans of a coval ent bound and through direct attacht T &3
attachnment through a - 7 OCT 2003 12 linker. Furthernore, the mcrocarriers
can be functionalized in a variety of ways to allow attachnent of an
initial reactant. The mcrocarriers of t I nvention may be used in nethods
of detecting the presence 5 or absence one or nore target analytes in a
sanpl e, which conprise contacting a microcarrier-bound ligand with at |east

one anal yte, q&&&ﬁ%ﬁ&r&feﬁtm@mrwaxwﬁme@nama%@%ﬂy SWEt 0 the

|l igand, and re dlngwigg egde of . an crocarrier upon which any reaction
or binding ha BE@ ‘%“@é@ﬁ1f|cally, the invention relates to a
met hod of detecting the presence or absence of one or nore target anal ytes
in a sanple, \Mlie@:ﬁcrﬁcuﬁmrﬁ sfthe mhanmionh AGy baesed in methods off deeatinlg thedpresandei Nnd or

react i th o W fgnlor R 6 ANRNHEE rall nﬁa%tpggw hQ?rH{?ﬁseto? dhinlaur al i 1y of

m crocarriéers O nventi on [at1 n I gands
With the codednigicarrier-baund bgand pith atleassonganalyte; drtec
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| ar ge nunber s Tegre aralyiesn ents where the varlety nay be in either or both of
a ligand b¥und to a microcarrier or a soluble anal yte conponent, where one
i's interested A prefieieé emibdtiment bite abuvd irfeetod 65 wiiere B targtt Srialyaé is@imubleicween t he

two component s,y THG A5y T5A bPRNKIEhaHitleih 4 abBhe G Bearrier-bound ligand is

the reverse compliment of the nucleic acid. The microcarriers of the invention are

thus useful in DNA hybridization. The microcarriers are also useful for enzyme-
25  based assays and immunoassays. The microcarriers may also be used in assays
conducted to screen for certain compounds in samples, and also for detecting and
isolating compounds from those samples. The microcarriers may also be used as
supports for creating or for reacting members of a combinatorial chemistry library.

30 The microcarriers of the invention may also be used in methods and devices
employed for the efficient and rapid screening of large numbers of components,
where the variety may be in either or both of 2 ligand bound to a microcarrier or a
soluble analyte component, where one is interested in determining the occurrence of
an interaction between the two components. The devices include a microarray such

35 as, for instance, a solid support upon which the bound ligands have been placed ina
predetermined registry and a reader for detecting the interaction between the
comporents. The method may involve preparing the microarray such as, for instance,
the solid support for attachment of the ligand, then combining the ligand and analyte



35 as, for instance, a solid support upon which the bound Iigands have been
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i nteraction between the conponents. The method nmay involve preparing t

m croarray such as, for instance, the solid support for attachment of the
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presence of an interaction between the cddponents and particular sites. The
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foll owi ng exanpl es that further teach those of ordinary skill in the art

how t 0 pract i The ¢rkededmiexotdnters mmmfcndaj-myv'mag bcmx:mgpd graakse Headas yre
illustratiye V.ifd&f,‘folra d[s%a, ctep Properties
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Dext r an- nmet hathayoaitize @gmm«sambé )n,terptsed utmlaporetmahemﬂ:emamml pmnd«d&prhhe es, was
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(1997), tRe dsegnﬂentswhehrnaﬁrthdnrbehttaehedmchrrmsjrfataﬂa}myg ref erence herein. Dex
ma m crospheres Were prepared by radical polynerization, using

NN NN - et TRIBLIN iRpene ﬂwmma%gmoﬁéwﬁgtmammfate from
a dex-ma/pol yg rltyt.lu?sr:% ox%ﬁ:gry sﬂullE theart os\;vlto pracuce the invention. The following

examples are merely illustrative of the invention and disclose various beneficial
25  properties of certain embodiments of the invention. The following examples should
not be construed as limiting the invention as claimed.

Example 1
Dextran-methacrylate ("dex-ma"), used to prepare dex-ma microspheres, was

30  synthesized and characterized as described in detail in W.N.E. van Dijk-Wolthius et
al, "Reaction of Dextran with Glycidyl Methacrylate: An Unexpected
Transesterification,” Macromolecules, vol. 30, pp. 3411 to 3413 (1997), the disclosure
of which is incorporated by reference herein. Dex ma microspheres were prepared by
radical polymerization, using N,N,N',N'-tetramethylene-ethylenediamine and

35  potassium persulfate, from a dex-ma/polyethyleneglycol (PEG) emulsion. See
Stenekes et al., "The Preparation of Dextran Microspheres in an All-Aquecus System:
Effect of the Formulation Parameters on Particle Characteristics,” Pharmaceutical
Research, vol. 15, pp. 557-561 (1998), the disclosure of which is incorporated by



Stenekes et at., "The Preparation of Dextran M crospheres in an All -Aqueous
System Effect of the Fornul ati on Paraneters on Particle Characterlstlcs
Phar maceuti cal Research, vol. 15, pp. 557-561 (1998), the di scl ostrl6T 003
whi ch i's incorporated by - 7 OCT 2003 14 reference herein. The
concentration of the dex-ma solution (in phosphate buffer at pH 7) was 10%
(ww) . The degree of substitution of dex-ma, being the nunber of

met hacryl ate nol ecul es per 100 gl ycopyrangsyl units, was 4. The
concentration of PEG solution in phosphate buffer at pH 7 was 24% w w,
while the average mol ecular 5 wei ght of PEG was 10,000 g/mol (Merck). One
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e work o e e ng. m cr.opho new,
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D ffraction-Li m te%Mbasurenents of La%erg\(m‘g on, Ewﬁphym cal

Journal, vol . S#P2. Siperipes weet geriyrmed A both BetFhes G BErosPIGTR 251, ar o

i ncorporat ed leyplainddan &nareple@rein. A 40x oil imersion objective and a

power ful 2 W(representi ng the nmaxinum possible output) argon |aser

(Spectra Physigg used for obtaining sufficient photobl eachi ng
during the ex hor pho {i were used |n the SCAWMP 25
5 h@f@@cﬁﬂ °gg’éﬁﬂéﬁ°h§a%“%m@el. The

experi mentld o
wavel engt h of ('tGixSM"aﬁﬂllowhgauﬁthea#csboﬂchak@dbt aatSvanyng wigophd®lysist al n thi s

ST ace. of L he G b I o
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immersion objective and a powerful 2 W (representing the maximum poss:ble output)
argon laser (Spectra Physics 2017), used for obtaining sufficient photobleaching
during the extremely short photobleaching times, were used in the SCAMP

25  experiments on the dex-ma microspheres made according to Example 1. The
wavelength of the laser beam, also during bleaching, was 488 nm.

In this example, SCAMP experiments were performed at approximately 10 um below the
surface of the dex-ma microspheres. It occurred experimentally as follows. First, the

30  fluorescence along one x-line of a middle plane of a dex-ma microsphere was measured
by scanning this line in 400 milliseconds (Figure 1: A-dotted line). Second, a 3 pm
segment on this x-line was selected to be bleached (Figure 1: B-I). The length, position,
as well as the number of segments are freely selectable by the SCAMP software. The
photobleaching of this segment occurred at the time the laser beam scanned over this

35 segment accompanied by a temporarily strong increase in the intensity of the laser beam.
The ratio between monitoring and photobleaching intensity levels of the laser beam was
1:500. To measure the fluorescence recovery in the bleached stripe, a strongly attenuated
laser beam scanned along the selected x-line for approximately 4 seconds.
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in an FD148-dex-ma m crosphere respectively before and 2 m nutes after

bl eaching the 3 pm segnent. The dianeter of the m crosphere is
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t he nunber_ of nment s arefreeleé sdelgcta ;yoggéne gxRel nts any
ind of gEbmelIrTees et skl siespastaly soaprmed- Tiglre d B Y
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m nut es aft er mplRgKn Rhaik hob@es, a circle and a rectangle in the
m crospheres. Exanpl e 3 SCAMP experinents were al so perforned on 45 pm FI TC

I ﬁ?f al 1 edon BEBRDIeAE SRR of poReating s b egeRs e R B e el nd o
( 199430 anstaninprRicrascapes igistraightfoesrd tqaspmﬁcz»tlywjeféél@q rpisrozggipng ipter f ul
ar gon | aser ( aRRftWiRrd br¥hiag h2d3 Giour BS8E laser beam can be locally positioned.
. Moreover, as the length, position as well as the number of segments are freely selectable
in SCAMP experiments, any kind of geometry in the sample can be photobleached.
Figure 5 shows the confocal image in a middle plane of an FD148-dex-ma microsphere
25 2 minutes after bleaching a cross, a circle and a rectangle in the microspheres.

n-U

Example 3
SCAMP experiments were also performed on 45 um FITC labeled latex beads

purchased from PolylaB in Antwerp, Belgium. SCAMP was installed on a Bio-Rad

30 MRC1024 CSLM following the work of Wedekind et al. (1994) and Wedekind et al.
(1996). A 100 x objective and a powerful argon laser (Spectra Physics 2017), used
for obtaining sufficient photobleaching during the extremely short photobleaching
times, were used in the SCAMP experiments on the 45 pm FITC labeled latex beads.
The intensity of the Spectra Physics laser was installed at 300 mW, which resulted

35  into a monitoring and photobleaching laser intensity of respectively 75 _W and 20
mW (measured at the end of the optic fiber which launches the laser beam into the
confocal scanning laser microscope). Consequently the ratio between monitoring and
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microscope were as follows: 1.61 in Figure 6a, 1.00 in Figure 6b, 3.07 in Figure 7,
1.00 in Figure 8 and 1.00 in Figure 9. The high spatial resolution of SCAMP to

25  bleach labels is observed in Figures 6a and 6b. The label in Figure 6a is composed of
3 different line types: one with a large width (2.5 pm), one with a medium width (1.25
pm) and one with a small width (0.62 um). All lines are positioned at 1.25 pm from
each other.

30 Exampled
The following experiments demonstrate methods for bleaching codes in fluorescent

microcarriers, where the codes contain different levels of intensity due to different

degrees of bleaching. The microcarriers used in the following experiments were 435

um FITC labeled latex beads purchased from PolylaB in Antwerp, Belgium.
35

For one set of bleaching experiments, a 60x magnification and 300 mW laser power
were used to produce the patterns shown in Figure 10a. The squares in the top row of
the figure have a breadth of 32 pixels (= 2.46 pm) in the software and are separated
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are cl ear vil)lglg‘%%%t I'S F| gur}é llanlcs tﬁggélnunber 1 26 37 4 8.
Fi gures | and 12b il ust rate anot her exanpl e of eight encodl ng sites

havi ng ei ght A3@calid éxpeiment wascwarugted to blpaghyy code ellectively 2 B goding sites
perforned wit f;&ow&&lﬁro?@@ap; 239;&& R0/0%9 (idypihe Imsqymeyépa@as@ byangtheas

performed usi n, t

The phot ogr apﬁ gixels) @%Bé@rcﬁﬁeﬁlw%ﬁHOBW“Tﬂése‘ AP 1 disteiont cSay 87 4

The laser output was selected to be 200 mW. The photograph of the microcarrier of
25  this experiment is illustrated in Figure 11a, and the graph indicating the different

intensity levels of the individual codes is shown in Figure 1 1b. The different

intensities are clearty visible. This code.of Figure 11a is the number 152 63 7 4 8.

Figures 12a and 12b illustrate another example of eight encoding sites having eight
30 different intensities. In this case, bleaching was performed with 250 mW instead of
200 W as in the previous case, and was performed using 0.056 mm/pix. The code
in this example was 1 3 2 6 5 877 4. The photograph of the codes, and a graph of the
different intensities of the codes, is shown in Figures 12a and 12b, respectively.

35  Other embodiments of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed heretn. It is
intended that the specification and examples be considered as exsmplary only, witha

true scope of the invention being indicated by the following claims.



different intensities of the codes, is shown in Figures 12a and 12b,
respectively. 35 O her enbodinents of the invention will be apparegh fo
those skilled in the art from consideration of the specification Gl 2003
practice of the invention disclosed hecggn. It is intended that the
specificatLgﬂﬁi@g%exanples be considered as exenplary only, with a true

scope of t tion being indicated by the following clains. - 7 OCT
2003 18 CLAIMS 1. An encoded mcrocarrier, characterized in that the
m crocarrier is encoded by a preserved code witten on the surface of the

m crocarrier or at an i.nternal depth.aof . LC L er ncoded
mcrocarri ér Pé‘seB‘?ogchﬁoﬁarfﬁraf}ﬁ?r%terg%gr'hgﬁ aetr{ﬂ%erhﬁfogﬁr{nh‘g{s £ ﬁ%&gg?g i%s
witten at gedentedrcoad wdttstdm thé surfase of tbe odeipeartar or 3t aninteanat dertly of the

m crocarrier qsmc%ﬁ%ped in claim2, characterized in that the code is
witten in tHECEEhTer pl ane of the mcrocarrier. 4. An encoded
mcrocarrier as clainmed in any one of clains 1 to 3,. ?%?B.Eaectﬁrizeq i n that
10 the i cRodrericeded micecaietasimedin caim Acharacisgzefl ifd &PPE VR ai ned
in claima4, chahasdBaidess of Metii@bodrie. mi crocarrier has a diameter of 1 to
200 gm 6. An encoded mcrocarrier as clainmed in any one of clains 1 to 5,
characterized in that .the . el : i Dy, i e ri

m crocarri &r ‘frber}fﬁg%c{ TEF %W%g%ectl%?@é%@scr%@g%éi@F%&n%d @Er%ﬁiee{jlﬂ) ﬁléch}fvgrclztéernri er as
cl ai med in cliatha @ntec hlanaeittes ngeagaing™t hat t he code has been witten by
exposing the mcrocarrier to a source emtting X-rays, a-rays, P-rays or

i on beams. ,8. A @HE@HRGodEHEF BE Bkie@lin afy SheabiiRtns N te B adharBtericbdivatbetr i zed
in that the code has been witten by exposing the mcrocarrier to high
spat i al 0 esol HIE MBHORATRNS ZYFER" S0 9. An encoded microcarrier as clai med
in any one of clains 1 to 8, characterized in that the code has been
written by sphat ebdodad misioarysh @t ctahmeshin mipinad. efEaaterized & At . M4 et hod

of encoding a I CHORakF b8t 28hjuRh conprises witing a preserved code on the
surface of the mcrocarrier or at an internal depth of the mcrocarrier.

11. A nethod as clained in claim10, .characterjzed.,in.t IS
witten at GanAp REGYORAMICTIRTEE 57 E?aﬁ?edt'ﬂgn‘hf"&er ?)fj(’:cﬁ'wért? 51%.%%&%%? ﬁggﬁ'g{s
clai ned in cl gerbddhastean acittar byzagosimy thi aticrodagies toen ¢lectigmagnelis SoHehe
center plane of the mcrocarrier. - 7 OCT 1003 - 19

15 7. An encoded microcarrier as claimed in claim 6, characterized in that the code has
been written by exposing the microcarrier to a source emitting X-rays, o-rays, p-rays

or ion beams.

8. An encoded microcarrier as claimed in claim 6, characterized in that the code has

been written by exposing the microcarrier to high spatial resolution light source.

20 9. An encoded microcarrier as claimed in any one of claims 1 to 8, characterized in that

the code has been written by photobleaching, photochroming or chemical etching.

10. A method of encoding a microcarrier, which comprises writing a preserved code on the

surface of the microcarrier or at an internal depth of the microcarrier.

11. A method as claimed in claim 10, characterized in that the code is written at an internal

23 depth of the microcartier.

12. A method as claimed in claim 11, characterized in that the code is written in the center

plane of the microcarrier.



13. A method as clained in any one of clains 10 to 12, characterized in
that the mcrocarrier is a mcrosphere. 14. A nethod as clai med_i?gwgl bi:
13, characterized in that the mcrosphere has a dianmeter of 1 to @
5 15. A nmethod as clainmed in any one ofgclains 10 to 14, which conprises
exposing the mcrocarrier to an el ectronmagnetic source to wite the code
on the mcrocarrier. 16. A nmethod as clained in claim15, which conprises
exposi ng t he. Arinestieeians i daimed im ang cnece daimst 1thdp R2r aesacterizedys th®- Mgys or
ion beans to wi . he mcrocarrier. io 17. A nmethod as
claimed in clarm rgéh\%ﬁﬁ@ﬁnﬁg@%ﬁ%l ses exposing the mcrocarrier to a high
spatial resolution Iight source to wite the code on the mcrocarrier. 18.
A et hod ad4oh aethed ab slaimed inclaim 13 ehzrastedred e thal the PirsesPhee hes giItametlr ce i s
a laser or a 4 0&,9,: A method as clainmed in any one of clains 10 to 18,
characterized in that the code is 15 written by phot obl eachi ng bl eachi ng,

phot ochrom ng or chem cal etching. 20. A thod as.clained in cl.aim.19,
char act ér i 2&d" Mehodaas ¢REmed yany gn PT'?'EWnﬁlngt%eW%ﬁ‘ﬁ&P@B%\?ersieexPo%'?/d Eﬁeeachi ng
t he mi crocar rivefocarddr toAnradhotlagi®tic baircetd virite the abda @lthe ulraecteer i zed i n
that the mcrocarrier conprises fluorescent nol ecules, and al so

char act ef | 2g0, Ifdiths LARGOACHID 1 I TbrblLELRLAG inRiddiarer Wpiaescent

nol ecul es. as clarmed n claim?2l, characterized in that the

code is writtmwrdeyefitingc Kimgs, atrysf Buasest éam beanedevke ttoe $rdR ettewo or

nore di ffere%icic,%g?i[eﬁt of resulting intensity of fluorescence in the

bl eached portion of the code. 23. A nethod as clainmed in any one of clains

I o A S S 0T L 8

-S0
conbi nati on ofpadlalseddidioalightaowesrio-verisé thel.codelon the mitrbertriesis cl ai med in any one
of clains 10, 11, 12 and 15 to 23, characterized in that the mcrocarrier

is a promrﬂé‘?ﬂnﬁet 4 SUEARSO Gaif®l 7, characdtedPed iP@8Bthe Rght 2burcAislabachraf

readi ng an encoded mcrocarrier as claimed in any one of clainms 1 to 9,

whi ch conpri s@8Pobserving the code with a confocal nicroscope. 26. A nethod
of detecting the presence or absence of one or nore target analytes in a
sanpl e, whi1ghAcesird sedaictedds amgorenef oimsrhd & 18, ghardsiedaed dhthet e Fe ieact

W th the 5 O”Ve«rit?énMh%to%fé%l:mgf,%te Q%iﬁﬁ?ipﬁaoéﬁﬁ&nih% gRdHdmidaPetanipd.ural ity of
encoded "mi crocarriéers as clal med 1N any one of clains 1 to 9, correlating
the identi t%_ Rfmétitl]gd Ials %%ri]rggd Yr\': }:lgm’;[ ?& characterized in that the code is written on the

microcarrier by bleaching the microcarrier.

21. A method as claimed in claim 20, characterized in that the microcarrier comprises
fluorescent molecules, and also characterized in that the code is written by bleaching

20 the fiuorescent molecules.

29 A method as claimed in claim 21, characterized in that the code is written by bleaching
the fluorescent molecules to produce two or more different levels of resulting intensity

of flucrescence in the bleached portion of the code.

23. A method as claimed in any one of claims 10 to 22, characterized in that the
23 microcarrier comprises a material selected from the group consisting of a solid, a

semi-solid, and a combination of a solid and a semi-solid.

24_A method as claimed in any one of claims 10, 11, 12 and 15 to 23, characterized in

that the microcarrier is a prokaryotic or eukaryotic cell.



codes on the mcrocarriers to which the ligands are bound, contacting the
one or nore analytes with the |igand-bound mcrocarriers, observing an
mcrocarriers upon which the analyte has bound or react ed with thd 0CT ilﬂﬂfi
m crocarrier-bound |igand, and reading the to codes on the microcarriers to
identify any ligands wi th which the oné0er nore analytes have reacted

t her eby det erm ni ng t he presence or absence of the one or nore analyt es.

27. A met h(}g /ﬂ[}‘gﬁ‘é’% e%dln an e%écmeﬁqnicr% F@Ss&idiRed in éhytcrﬁﬁtofaaﬁné fpet

a_nal yte is cChar act erlzed in that at | east one
m crocarrier Mmmerlg@mSee’lngh@ cods witb asprieca BHIPERERt of the nucleic
acid. 28. A nethod as clainmed in claim?27, characterized in that the nethod

i nvol ves DA a ekfols zaldcfily thé %reséné@&ﬁEUQelee sleine Grinftge Rdrgetmre&eame aor

absence of one or nore tar et analytes in a gh co

contacting a $ATPle ¥AIGh| OMP WC’P?‘%%W&P %Q‘Wea{'ﬁarr'%a‘gqm%ﬂg 26" nglmt

\(/)\/Pergi 2|5Fnr;]e1n%dér&q‘a%ré![@élyteg Biﬁduﬁglmd@d?]dﬂ teraoplarafity et easocteldammdanriarsaaw one
0 e t

the |igand, af@med #LaPHEN% ﬁgd@ r a%%e?rem% oca'FrQ E’F E){eﬁ"%tl%\(%vﬂ wmw to

reaction or b¢oads ngtHeas:cmcaruersedwh@@theAgdmdgarﬂjbmodn@ntﬁctimgn@apﬂ? er mOWhu ch

COI'TpI’ I ses an en ?e%e‘ﬂgl%gr? rl:{quﬁ& rr@&oc%}r%ﬁr%gsér\ﬂng QWm%%aﬂfeéu&in%:dh to 9

having a Ii ga?u:? bou m crocarri er. i chem cal |ibrar Whl ch
conpri ses thethemdalvmdualbohmefﬁéct@f Wﬁm%‘elm‘gp‘éﬂ}emﬂﬁ"Q%‘daa"dp'ieﬁ‘i:"ﬁﬂl $ o

encoded, i cr OGARE bR ARrothAbRRE |dbﬁ‘t|fﬁ8b’y IRRBIPRItHChAEhelonk @r thord2nalyles

chem caf library as clained in cl
is a conbi nah%’él @PCEE‘I’)eWPE?QY qe eﬁrpg}ng tﬁ% ’pré:srezr%tr:eii %tr %rblsgn%g c':fnthehc%te Epﬁwolre brary
analytes.

27 A method as claimed in claim 26, characterized in that the target analyte is a nucleic
acid, and also characterized in that at least one microcarrier-bound ligand is the

5 reverse complement of the nucleic acid.

28. A method as claimed in claim 27, characterized in that the method invoives DNA

hybridization.

29. A method of detecting the presence or absence of one or more target analytes in a
sample, which comprises contacting a microcarrier-bound ligand with at least one

20 analyte, wherein the microcarrier is an encoded microcarrier as claimed in any one of
claims 1 to 9, detecting whether the analyte has reacted or bound to the ligand, and

reading the code of any microcarrier upon which any reaction or binding has occurred.

30. A ligand-bound microcarrier, which comprises an encoded microcarrier as claimed in

any one of claims 1 to 9 having a ligand bound to the microcarrier.

25 31.A chemical library, which comprises the individual members of the library bound to a

plurality of encoded microcarriers as claimed in any one of claims 1 to 9.

32. A chemical library as claimed in claim 31, characterized in that the library is a

combinatorial chemical library.



