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covalently coupling a fluorescent dye onto a polyneric

20parimininelogitaé labglsutipingeludpior exserne. pRmepRTrPYcFRiand
can_be anal yz r
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of the cell, that is, a cell surface marker. However, the chemical and physical
structure of cell surface marker and density of immunological labels attached to
the cell surface have generally been difficult to accurately determine.

Fluorescent labels have been prepared, for example, by embedding or

30  covalently coupling a fluorescent dye onto a polymeric particle. The resulting

fluorescent microparticles can be analyzed manually or by other methods known
in the art but preferably using an automated technique, e.g., flow cytometry, such
as disclosed in U.S. Patent No. 4,665,024, to Mansour, et al. The versatility of
the fluorescent particles can be further enhanced by the incorporation of multiple

35  fluorescent materials in a single particle. However, while simple absorption of a
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and molecular magnetic labels, see for example U.S. Patent No. 6,412,359.

Latex nanoparticles having a polymeric core and a surface decorated
30  with, for example, a ligand molecule capable of specific binding with a cell
surface and optionally decorated with genetic material, such as a mutant gene,

are known and may have utility in, for example, gene delivery to a cell and
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are known and may have utility in, for exanple, gene
delivery to a cell and 2 WO 2004/ 063387
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exanpl e, Science, 296, 2404 (2002). Optically active
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ligated- or ligand bearing-fluorescent nanoparticles of the present invention can

be used, for example, as highly target specific diagnostic agents, and motion
25  monitoring agents when combined with cells or cell components.

The invention also provides a pharmaceutical carrier or drug delivery
vehicle comprising the fluorescent nanoparticles or the ligated-fluorescent
nanoparticles of the present invention.

The invention also provides a fluorescent imaging agent comprising the

30 ligated-fluorescent nanoparticles of the present invention.
The invention also provides ligated-fluorescent nanoparticles as

pharmaceutical carrier particles. Thus, the ligated-fluorescent nanoparticles can
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The invention al so provides |igated-fluorescent

nanoparticles as pharmaceutical carrier particles.
wohostocsdse | i gat ed-fl uorescent nanoparticl es caaT/u32008037793
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t herapeutic agent, which therapeutic agent is on the

surface or is conjugated with the surface of the
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illuminating the decorated cell.
The invention also provides a method for treatment comprising:
contacting a cell with a ligated-fluorescent nanoparticle, which
25  nanoparticle optionally includes a therapeutic agent, to form a cell selectively
decorated with the ligated-fluorescent nanoparticle; and
irradiating the resulting decorated cell for a time.
The invention also provides a kit for use in the detection of an analyte,
the kit comprising a ligated-fluorescent nanoparticle, as illustrated herein.
30 The invention also provides a kit for detecting and monitoring a cell

surface component comprising a ligated-fluorescent nanoparticle for detecting



the kit conprising a |ligated-fluorescent nanoparticle,
as illustrated herein. 30 The invention also provides
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accessibility of therrieE['Weﬁ%‘f]ﬁgn of B PIAWiAE] es. FIG
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nanopar tRIG| sllasratea that the Ifopescentolanepaciatled efdle nepsey
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Cnvent i diCeaar SRERE P pEt Ereled 5 Ry
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(RBL) mast cells.

FIG. 5 compares the brightness of free dye, silica nanoparticles, and
quantum dots with a peak fluorescence at 577 nm.

FIG. 6 illustrates an example of the fluorescent brightness of the
fluorescent nanoparticles of the present invention compared to latex particles.

FIG. 7A illustrates an example of bio-molecule binding specificity of the
fluorescent nanoparticles of the present invention.

FIG. 7B illustrates an example of bio-molecule binding specificity of
comparative latex particles.

FIG 8A-C illustrate the immobilization of the therapeutic agents inside

30  the mesoporous particles.
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SPT experiments. The nanoparticle preparative procedure enables the

25  preparation, by in situ systematic nanoparticle size-growth, of fluorescent
nanoparticles in the range of, for example, from about 10 to about 500 nm, and
from about 25 to about 100 nm, and narrower ranges therein as illustrated herein.

The fluorescent nanoparticles can be conjugated with a molecule or

entity, such as an antibody ligand or linker, to provide a linked- or ligated-

30  fluorescent nanoparticle which can be used to 1dentify, detect, target (i.e.
pinpoint or specify with a high level of certainty), monitor, or modify a disease

state or condition, such as the presence or absence of particular receptors,

6



The fluorescent nanoparticles can be conjugated with a

nmol ecul e or entity, such as an anti body |igand or
woOi2mlae6338t 0 provide a |inked- or ligated- 30 PCT/US2003/037793

fl uorescent nanoparticle which can be used to

identify, detect, target (i.e. pinpoint or specify

wth a high Ievel of certainty), nonitor, or nodify a

di setelic stvatseofpartzoluditceptors, st hkaeompanepise S diaked- or

absenc f particul ar.receptor.s, WO 2004/ Q63387 ..
RN SRS oSBT Rt YR et G A O Afctatea
r eGeMt RJrexadPR, b tHePape P oRANEE usth o, | fods@ehpl@lireat a disease
| i gated-fl uorescent nanoparticle can be still further .
cosfategantcetdivionamish es by eelivgring the herapgufipmesnt tg a diseased site in
t herapeuti c.age | t.Q, ; .

5 o Suaany SIS b Hafferd i PhaBNRIPLER cbhcRkaion with
t heslapeof tie thgepduticagentdh aedakebls comrdlied nfanaehi Tid hgated-

specific or localized manner_ and in_a relativ%jy hi gh
coflsereseaat neepartichescan Bayeeddr drestecheslgbiRh athageRtis qpent
a rel ati-vahy. cont i gat e 1 1
71 5 Sh e Py B, SRR PEe Bhimep et or e
delcbm@oyendforavithie ttefedy iof amgegahisit, such afeshiunemh, kgcadrossthe
in a variety of systens, such as on, or within, a cel

10 oy bigadrbraigdi#3gdient, or within the body of an organi sm
such as 1@ hPBhents He (HRFHPRESC 44481 cabddid@HobBdth Bbsorbed into,
barrier. In gﬁ@gﬁine%ts the %H%?a%eutié agent cané%e
ei ther asghe buerktics 9o pbies of thesilicashelh oasoatp@ontntthe sitipadwll of
or pores of the sil.ica_shell r..coated onto the .
o P et woriige! 1 oes e R SRy b iR shett i
ot helonfIReGhaBREDHMAEEEt B 15 dsbSRatsd fith thé fluorescent core,
i nconpl'ete, the therapeutic agent can be associ ated

15wi tshelt #sebf physicebahseption oeby bending nteractinp. phipdhergpeutic agent

absorption_or by .hondjng. i ' e

agant Pist 87 a8osteg 3P ALl b F ERbOR b kAR e

| i gasigd- f| uorescent nanoparticle if desired. The

| i gated-fl uorescent nanoparticles of the present

i nvent i diredigategelupsesqentingnepagtiglesafyfhe preger dnesgiipe cahbe used

tr 3 [ ' a

o PR R A8 LR b Sl s,
20a fphuenascitoal casiekfr theapehtic agentaapd es a Sioghaent marker in, for

oo S R B a SR b GBS P gus el afShere

ma, Fho@s; |yl Q8 mdBlL Tl SRS cAviEPt Al R

al gﬁé@%@%??@@%@nyﬁi%% ng%ned W t hgea I acs‘élrf The

nanieizatetlias laeslonéd glhw dfithemeaiken whah dhenipateql mith a laser.

nbi i ith.a |i d 5 be. f i V.
oottt SR s SR RE AR b o ERE} YRana

25  can be used for passive or covalent coupling of biological material, i.e. an

analyte, such as haptens, antigens, antibodies, enzymes or nucleic acids, and
used for various types of analyte assays such as immunoassays, nucleic acid
(DNA or RNA) assays, affinity purification, cell separation, and other medical,
diagnostic, environmental, and industrial applications. The nanoparticles

30 incorporate known fluorescently responsive materials, such as, dyes, pigments,
or combinations thereof. A wide variety of suitable chemically reactive

fluorescent dyes are known, see for example MOLECULAR PROBES
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anal yte, such as haptens, antigens, antibodies,

enzynes or nucleic acids, and used for various types
woho@nabdgt e assays such as i mmunoassays, nhucl ePCTASR@3/037793
- (DNA or RNA) assays, affinity purification, cel

separation, and other nedical, diagnostic,

environnental, and industrial applications. The

na b DEQOEOBOLUMRISHNT @RIOEESWANDJB&MEH y

RS T 2o SR YRy, B O grore s

chegineplel ¥ f8REEdnY Sronfakib OF B&ERBFonHR 0B, uKdD OYdh, asSEE
for exarrpl e MOLECULAR PROBES 7 WD 2004/ 063387

PCHYUSROOBAUBATES, @ PRNTBGNK, OrawidUcRESERTe, AROBEEE AND
RE EARCH ., CHEM L .

5 195R e s gpieR hEPRsR s o okl S AMyecf a d-amino-7
fl u@ﬂi@feﬁzmo@ﬁpﬂaﬁamlamﬂwx &bpﬁﬁﬁm&tciaﬂ)ocpamm; racbaﬂmsﬂyryl, a
as is a pyrene, an anthracene, a nap hthalf

ac ot lyein, a syl Ae anrlagobagilens. pRATIRGH @yndaae: a

r
R i e

Cy ahiloﬁﬁatlea dedvdibey &I&E&tbé) afﬁl tilae boaspoumys,, sea forparppler WS, Pat.
' a sa ate, an anthranil ate ne,
104 FN/C?SI éagﬁ@ 91% 4 Eﬂﬂ o |5H§7 %gc%%%g?%%@eﬂa 1&@?1%35 %bg

hy df OpYSRUIRY 1 RS2 Q?? am nocoumarins and fluorinated

derrvativés there€o and |i ke conmpounds, see for

exanpl e TheS:o-feattiveldgddosilan US@DfOQ feming te4l®ecent core has

€7 288; 5,248, 78

pewsEl fonmy aRgél%egNZh e ﬁlﬁﬁ%zalekg%ﬂ%% Pyckis
US efhdx9r mfeﬂfo ﬂé} iﬂl%thfoky@mqu taiBé 8 nitasvalbheor ?ﬁﬁ@fa@ical

formul & R(4 , where X ctan be a hydrolyzable
1Sg r mfrfrosrm ¢ ho EY: carétm aboyns wikelh @nyopt@naliy PAETLHBN ¢ fl@tcti@sza} organic

c ar%%lﬁj %Licgo q %%/ﬁ%‘f%ﬂg egg an%r(}:/ aln arp tflgérglﬁl? arrflﬁ 19 a&'z

fi Mefcp@nsH fraan 0asic Thg COUERcEUE brgaﬁoman@ agﬁdcfor ey the
acrﬁ/l yl, met hacr or amno;_and n is_an int e% i
mttcerwreéﬁ%) Iy Basr e (9e3- &@5&?@@?%&@@8%% PIgping

[ Ot Bftch B ok WlGBIGE! 16RTE BERREAARE YiolBS bft- S As-

of ganosi | ane use ormn
20sh @lllkoﬂyaﬂsams éspudbip i #hd rﬂfbthﬁuaimnoff cbma:mtllve lflaictmaicgroups or

bis- and tris 20 alkoxyS|I nes for
oADK OR BRI S5 ACen RGNS BHET BRSPS %?%p]g 10371, see Kirk-
Y @ik RO 1'099@15 o?éhirﬁf‘c%ﬁec’tﬁ&lb%?'\ﬁ& 9 338 EQUNTHIRS, N.Y.

’kno see ncyci opedi a of
Cheitioalgh et &enmied: tybe Malited BO _the_Bry;;l t}Edcoupllng vai$esyt$ aesvlt of
éloh&%%ﬁgﬂg% I g’g}laﬁlg §?ﬂ%ps Iq si anol g% tshfn% 'a resu?t of

25  condensation w1th hydroxyl groups of the surface, see E. Pluedemann, Silane

Coupling Agents, Plenum Press, N.Y. 1982. Thus, the above mentioned organo-
silane compounds and like coupling agents can be used: to make the core; to
make the silica shell, to modify the surface of the resulting silica shell coated
fluorescent core nanoparticles; to attach or couple a ligand to the fluorescent

30  nanoparticles; or to modify the properties of ligand before or after attachment to
fluorescent nanoparticle. The organo-silane can cause gels, so it may be

desirable to employ an alcohol or other known stabilizers. When the organo-
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hydrol ysis of the al koxysilane groups to silano

groups and as a result of 25 condensation with
waypomeyds7 gr oups of the surface, see E. Pl uederamms2003/037793
- Silane Coupling Agents, Plenum Press, N Y. 1982.

Thus, the above nentioned organo- silane conpounds and

i ke coupling agents can be used: to nake the core; to

makgaitdie t&bd t&-Bolghetized with ﬁﬁ@thénlmbﬂitﬁn&wuﬂa a®a ofactivee

resulting silica shell coated 1uorescent cor

narBieEseeqn camponsl, &stahiliensands sicsted ﬂilqtg‘aﬁ%nqtdn?#@ e with
f I nang,
S5y OB S AL Lo o
fImﬁmﬂqmgmﬂlmammpnmlﬁmbmnmﬂhdhnnghmntwuka@ebwammmmugdhe

gels, so may be. desirable to enploy an al cohol or
5ot HEIOURh e§’fgé‘BP1S}§réirs When the organo 8 WO

2004/ 06338 1, ?&(rét@g&%/ AR inSbihanes luowirPmBEnet or
co-pol ynerized wth another rononer such as a reactive
f | uoagestiendly respopsivediateriats sishl als,z@&)eltparantﬂ@ns@, @etagghgnetic,
31 does not interfere wth t to gqerlzatlon An
BROPaSIeHE iy O eh%Tomkflga e4Ret 4l y useful and
can be @pplRY&deithaasFNISs offtRE p&l@ﬂ’ﬁﬁ\%ﬂtlﬁﬂi @dﬁﬁlﬁﬂ@ﬂ core
twice to about ten tines the 5 anount of th
100r ganmprisingarfiuorgssentsiaepeamnoandsandasib sheH é?mtkw core. The

i ncar te_kno

e B SRR B Dl SARSAGHI G M ol ARG Br o

f erre Qe flRbiescat tahponiddad aand-reative bﬁgamomﬂaﬂid'lmmpﬁund and
The fl uorescent nanoparticles of the prese I.nventi on

corthe shedl can comgrise éorcea%xpﬂes rhﬁ%gre%ptlpp@é?%& 3 siligy o
o %&%ﬁg%% . ’? $I1§d Folefith SREHouRD ?ﬁlﬂ?ro@&fee formﬁmgfeo bffe &f

the n e can conprise, for exanple
15r eatibriedayepy @thiléda, efchas fropat to stout RO tayessc amt dctmmhmgrugon the

d 1 | . d, .t
el ebfacaps dos e opion RamA SV B PER P DT B!

Of icRhdsk @@thfe‘%fg M &R P AiaRier |HBcShell Garth@ dBvBShge of the
conpound. can produce, for exanpl e, one or 15 nore

| ayers pofosﬂy bid egrrgug bapasity pbiire silice shddband Bige Fenpedesations.

uch o6 Sircnfed B9 e fie Bk eo S RRERE 67 A T Rfloue 10

20t it kB&SS 0hPetddft SANE sirfice KRADT (1R coilé. aTR BFandSwhdndagated on
shel | surface coverage of the core, por05|ty and

carth burdace o s lyprescentmenepariide camedver, fanekanile from about
COMLECA PPoortl8 Pl fiftaahd oFARKLRY 190 il &R

ort éxa Fom a ut 100
perd&ignbtePbf thBeosubd &}&Cthlo&ﬁ& ofthetdilécachei caril'blﬁnl d panof, for
mhen ligated on the surface of _the fluore

b €108 ot &3 RboY! g 00y cRsIcGEme P (i BRprescent

25  nanoparticle can be, for example, from about 1 to about 1,000 nanometers. The
diameter of a ligated-fluorescent nanoparticle can be comparable to or larger
than the diameter of the fluorescent nanoparticle depending upon, for example,
the size and the amount of the ligand selected. In embodiments the diameter of
the core can be, for example, from about 10 to about 300 nanometers, and

30  preferably from about 25 to about 200 nanometers, and the thickness of the silica
shell can be, for example, from about 25 to about 800 nanometers, and

preferably from about 25 to about 500 nanometers. In preferred embodiments,
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0.1 to about 100 percent of the surface area of the

core. The thickness or dianmeter of the core to the
wohomkaess of the silica shell can be in a rat POT®S2003/037793

for exanple, fromabout 1:1 to about 1:100. The

di aneter of the fluorescent 25 nanoparticle can be,

for exanple, fromabout 1 to about 1,000 nanoneters.

Theucldaawberetheabnepariiges ad s¢lbeted est eartiensaihopiicaisbéleis made

can be conparable to or | than the di anet.er, of
PP GEeurofedn Gt eRicd hepRAc AR Hp o oy R raled
exaplig, the size and the anmount of the |igand

sel ected. In enbodinents the dianeter of the core can

be, for Ehierppasativerraethedsolor fluoresesnbmagpargiglys of the present
f f .
Sy aoRE S 90 ARGPEALRETRL LT £Fydd Ao

carnsnigler fndizethamilos repbaed B oat BRadéren abdVti, B&emuir, 8, 2921-
nanoneters, and _preferably from about 25 to about 500

namsEE9%) (mAnqrlisressersdirashbea chwsmasicles apeiedopial dees3nd
PCT, 0 7 S 4G '
B
pormelasivély nangommiat medoagorexsa spiheasaemhpompeuThe sidigesitell of

and_as illustrated herein. . T repar atj.ve . et hods .f or
10| by @ger@ﬁqenhamsrﬁc T BB BeitRL oG He
8?2ﬂ1¥dr€§c%t%ﬁ?;§’a§%@lb§éa%%el afélr%t_eg XSfRkfon & a lac@ffical carrier

er of magn e snaller in size than those
r epombeaititly, thatis Blada decanaianidr vxdmpledhenapéutic a@entgodieh as

292 1992 odi il h ti

cod Tt VATTNUPAR SHIPOF R4 B BnRaBetioqran Vi nits, tiE°
si | fieRdscedttRnSpdriifias SMBL bregant ildRnBbh B prd9lded pHaRBhceufical
rel ati vel y non-porous, or meso-porous, such as

15s erdarpeyrsystem wWitieh edn hecalapted|fpr eomtrolied fdivierueniekaeame!
na articles s preferably dielectric. The silica
shgﬁgrag?ut]tchagemﬁl uor escent nanoparticles can be adapted

to functin@mbadiraerd) aniz@ae placeddn harstuifede offthd Aparebdent €,
that is nade to contain, for exanple, therapeutic
agernepargle Ao a kgalessilagrespept ranapartigle. (hhg pigsementefdhe
doli ) Vo OF o ) .
1 U EEYafbe bRl fdrbibbblepty AfTimehl it 2 covalent bond or
20pr oy gigysalpdbaompioru The HpariliSorcthe sindacef slicefimavbdoeht waanparticle
be adapted for controlled delivery or rel ease of .
t heRBPEUTr EXABRIAt %bloPﬂy@ﬁﬁMYH%‘H‘E%POWE’F’@M&“E%%&nB‘PPdY=
t he, Sl @GAraPEodhfthehd, 4QERBER MY haph@N e Bhtyntd, § bRLGR:, @

| i gat ed-fl uorescent nanoparticlé. The placément of the
| i gdoeohiczhnotpowsic @ ppthpgdne d mitworgmnpdies cdmpatehtibhreehta
w ttgxf}ll, ggt\{r?allc% %oﬁﬁgr(,j suth as a surfactant to alter the surface properties or
25  histocompatability of the nanoparticle or of an analyte when a nanoparticle
associates therewith, and combinations thereof. Preferred ligands are for
example, antibodies; such as monoclonal or polyclonal.
The present invention also provides a method of preparing analytes
which are selectively labeled with ligated-fluorescent nanoparticles by, for
30  example, coupling (e.g. covalently) or any other known method(s) of associating
the ligated-fluorescent nanoparticles directly to the analyte (e.g., through ionic

bonds, hydrogen bonds, by simple adsorption). The resulting selectively labeled
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20 by physical absorption. The ligand on the surface
of the fluorescent nanoparticle can be, for exanple,

wa 2i4mpesdsyner, a synthetic pol ymer, an anti genpCams2003/037793
anti body, a virus or viral conponent, a receptor, a
hapten, an enzynme, a hornone, a chem cal conpound, a
pat hogen, a m croorgani smor a conponent thereof, a
t oxinalytes Isavifgaecouptiidf drepssosiatd hgated-Jueescenamendgparticle (i.e.

alter the surface properties or 2 i staco tabilit .
of sSSP EP B O G ANSFATRED Sifast HRel i an dufhentic
NanpRatidned imiAs SOFbdhGle, il 8 1RWdAt nRAE AR MRignaéticans
thereof. Preferred [igands are for exanple

ant i bodi s “arelytéi efshapreenit onvention isgbe gljeeirmaithe trpgst of the

LR B R Ay 000 e
| gk ddnu! R)i%ﬁﬁﬁlFlﬁﬁﬂﬁlﬁﬁbéﬂg@hiﬁﬁl M, cofPonerd Gh@¥P s or

coupling (e.g. covalently) or any other known _
netvisli¢anpetenh g6l ioas cagperat thegralepbippelymes @eyynthetic

nanoparti cl | r . t b hrough
PRI S GRS BOnLES BRI S, Guant 0l
ThentiBsdy, hirb@pte) hdptete by chAabed, @thorhOnd\\® cROAAADEBFRn, a
PCT/ US2003/ 037793 _ anal ytes having a coupl ed or

105 gdhogend PKigac@aLIPARIs dhEess; anhl ptapges. @nalytes of
li Il . i - .
e R AORRBRE ) R Sl RS
ex aidle@kariyoti@cdl s paticathlar med hodti-celldanggassingce. ki, funghn
"anal yte' of the present _invention is the object or

seligle poggle. S5 A SPERET oruuRuE S AR Ba RET ¢

foranat %@T?ﬁﬂfcu%& RSB QGk S RE B EMANOEBnal RolyR Rt €
can bé, for exanple, a mcroorgani smor a conponent

15t heméibbdiemondtherselpctivadigands wbimbame nart ohthedigatedriluprescent

conmponent. t her eof. bi_opol ynmer . .a synt heti ¢ ol ymer,
= Tyonatsle Sabes SR HEEbe & SRS hsteES an

ant i gen, maghbodthdiOEthe prs@ieRtcdtion thehd e hovidell methods of
enzyne, a hornone, a chem cal conpound, a 10 pat hogen,

a trosling a dlontsiserat hanepartiels; Egfexampie, FOIRBIIYIESt ances.

Anal yt es_qf rticul ' e ' [

et YL Sl RSB 5 8LF L ERGGENSATEy,
20€ U kaar o BdrioCsitzak kSmpoutidg eldhis arcoasaktive lok ganoedi il ésmpound, to

organi s e.g., fungi bacterial, mammalian, etc.,

andbﬂﬁégh@ﬁﬁﬁmﬁﬁoﬁb nents thereof. OQther analytes

of parti . [ t -pat : r
pol Yol ortafifme Rl eolt S 2LlRATHind BRAOANE suclfes o
whitethazdlk & ypidarie, ©f foth e silicgahdtlef theaoes ceptovide the fluorescent

nanoparti.cl e can be linked to the surface of, for
exdifgPRartiglenat hogen. In enbodi nents of the present

25l nventi ofy, &, A6H8d85 EmALRY HieHnIFREAQES o e present invention can

further comprise combining the resulting fluorescent nanoparticle with a ligand

such as a biopolymer, a synthetic polymer, an antigen, an antibody, a
microorganism, a virus, a receptor, a hapten, an enzyme, a hormone, a chemical
compound, a pathogen, a toxin, a surface modifier, for example, to alter the

30 surface or compatibility properties of the nanoparticle, combinations thereof, and
like materials. The resulting combination of the fluorescent nanoparticle and a

ligand provides a ligated-fluorescent nanoparticle. The methods of making the
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maki ng a fluorescent nanoparticle, for exanple,

conprising: mxing a fluorescent conpound, such as a
woee063387f | uor escent dye, and 20 an or gano- sPCams2003/037793

conmpound, such as a co-reactive organo-silane

conpound, to forma fluorescent core; and mxing the

resulting core with a silica form ng conpound, such as

a nhmpaaailkxnaylsaﬂdoafnﬂheﬂoonfpusmmbmﬁngihe meltingmand)metlcle

core rovi. de the . fluor.escen I C h
e it BisReoti b hrﬂi%‘ﬁﬁ’ f bt g0 ﬁ%ﬁtopﬂlf‘eg article.
| NV g G nanbphrtiBRE wiANPidang 09 Q@Kk‘riﬁeﬂﬁc taék%t can be
resul ting quorescent nanoparticle with a |rgand such

as aecdmplpbed brior exagyre, lveating the ligant or tlaeraamtxcg@nnt caite the
ti hod
Shaptare difendora el ROl e iioRat T B Riee &

PatBAGRIMicle wiidd IThand of B E{cdgR AP Bdnt €4in bé McompaBibday, ch
alter the 30 surface or conpatibility properties o

t h@xwapbpanblbmtgéhe ligamgion sharaneytie pEgns HO tls@rfdlrfaw Rithe
rmtn%rrl rt?cl Tﬂﬁbl{)ﬁl Li‘%ugalnpgo gsgi(?ﬁ!lﬂ@f)f 1%”[2119 for example,
fl uorescent” nanop prov €s a
| | gatiesla hbroas ﬁsritﬁbﬁttlciﬁmmﬁaé fsi 1ﬁibﬂ)ed'|5h&1 atiphoils tiefrapeutic
maki ng the 11 WD 2004/ Ogcf 87 PCT/ US2003/ 037793
10narepar o5 Ratles Algrmatiydy of addifinal womblg@gmp?ﬁrﬂ@lem@ a

re t

o T, % BRAPRGC AfehPol e hcPoPEIAR G oF oRRGME: botob the
Conigaml ogthttap eutaageat toithd esface biithe rbs@tzixrgjnamoparticle. Bonding

t her utic agent can be cco ed b for
exa P‘%’ J@é&i“i“ﬂ%let oW yA moF ?‘h & g’[&@ﬁ’?’l drpbrbicont o
t heoerddttibaCRInaive, RenbAReBAYL thfdof - andlike bBAdihY 8ébcifive

additional [y, conBining a nanoparticle with a Iigand
150r naethddsr apeut i c agent can be acconplished by, for

era) A0 TR LI5S P ERE SRR a0

as Yiréhch@inQerlontAd tiRk€apparedt sobilifyodr lﬁg@ﬂiﬂﬂ)@mbﬂw Bfdperies,
porous nanoparticle surface is inbibed with a_|iga

nd,
a tthenaeeatticles tan pigaife, “nesrleqydar ﬁabe}tﬂ”twéhlﬁla@arx/r@la@alsb%ssomate
dqj |l

oC e PR BORA e o et d 93

20exahg@b#fier bonetidilg tiahepored game eilectibelyapatiddao agantt dnalyte.
the surface of the resul ti ng nanopartjcle. Bondi ng
[ néﬁllﬁ’cfé?"tl‘ff‘o%ttaé?ﬁﬁﬁl @a blgs, legg %ﬂtdethBWil»@lagnosuc or

g%ﬂ&%ﬂmat{&ﬁ%e RHQD 6y sgzg%rf ﬁt(ﬂ?%'t&f‘ﬂu&g&%ﬁﬂ ﬁ’a?mPamcles for use

i nat1ons t er eof’, ondi ng assocl ative
rretlh enbodiments of the present invention can be selected based on the numbe1 of

nanoparticles to be attached to the analyte and the sensitivity of the optical or
25  spectroscopic schemes selected.
In embodiments the present invention provides a method for monitoring
movement of a cellular component of a cell comprising:
contacting the cell with a ligated-fluorescent nanoparticle to form a cell
selectively decorated with the ligated-fluorescent nanoparticle; and
30 recording the motion of a fluorescent loci for a time.
The fluorescent loci can correspond to a single ligated-fluorescent

nanoparticle bound to a component of the cell. The fluorescent loci can
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Because of the small size and uniformty of the

nanoparticles of the present invention and their
wapperesas7 sol ubi ity or high dispersibility preapemsSzms/37793

t he nanoparticles can provide "nol ecul ar | abel s" which

can readily associate wth or be bonded to another

entity, such as a ligand or a therapeutic agent, and

20 qomsERat 60 e rOéamow lng’aéﬁdsﬂmrp@@n& cnaamlartlcles bound to a

sel ect | veI tac

sel e ?fgﬁeh ltgl n a%llogg gl?abtl c%rf operator to, for
det&@iiply) iraélt ﬂl@@ﬁ:ﬁdl@n ofdne cﬂ‘lnﬁcfr@ mﬁfdsadnlt Diti, SEBIE AR S receptor to
The size of the |igated-fluorescent nanoparticl es for

us eWhich asirghelligated- u@meS%qﬁénﬁw@@éw%e iis ﬂ)@éﬂ i YA @rin peal-time or

sel 0 n

ot i S AP R R, CYH Fepa ARRORR b b SRl s Weterably

optddtapﬂedcw s%cﬁmjz:hssosxatqowah&ch@mi &ﬂlu&trto@dlpohant of the cell,
f%dl ment s t he present i nven%l on, provi des a net hod

f or

FBFRRRIF P PRy BHeislecBen gt gl 1Ig?11P r conponent of a
cel d S & i h t
| i gat edn?ff uor@sgen?{ﬂﬁgﬁ%p%?tqecfee to \cl)\ér r%hraeee t?li an antibody, a
sellmptany eh ;endﬁne;r ahetnatiet b Hibgolyingataadarftiganr £ stembrganism, a
nanaQ artlcl and 30.recordi the notio a
107 P ORBs eohpfiesdh & Breih TminainG PGk cSte hke Reemopss. T
COr drRsdaRehts 0 the Slipb&flubRadead - hildphRRE&Ean be a fluorescent
nanoparticl e bound to a conmponent of the cell. The
f | usnepwtidle ¢ospigatadnwithoanantiosly 0@ 3gtodiments, the conjugated

s e S gt S

conmponerguiRblet Recatiel for dRRtABNIEREdING MRIaB@theNadliRgging in
an operator to, for exanple, track the diffusion of

150neenghodigpends fof fhe @sesent Iveeiion atecknoyen an ribe: apt &d inglude, for
whi r i.n f r r
bou?f m%%ez & ﬁéé\géy:tc%ﬂértgxgl ﬂ[a&a?’ s%grﬁﬁlgé \[\}}@ﬁj%"?é b Iﬁlo‘f‘escg’nce micro-
t eqlinte qugter, d feotdsgaice dnictosespes aesvinforan ernabt¢opbe aitgight-field

preferably dapted to se|] ectively assomate wth a
t argétECier GONIShBGHBIE syftepandlaiq devigey, exanpl e,

by appr ofyd @E@rdﬁl%l c%ﬁtﬁe%c Pl‘iéﬂ@d | fo @ﬂgnplg%ltﬁ &lrhittREopically
conponent can for exanple, a recep
20antadbptd§? camerah amlem a ar[deennycmspom/ bmnaemne di @tal camera, a silver
10 virus,

o D Ste GPodi hERRE L GREAENaREbrctraing g be any
CO%ﬁO&ﬁ&rﬁ anli hs€fP gﬁier@%%a to BGerld a@ttasré dveHg r&%ﬁ%ﬁumena for

nanopart icle can | uor escent nanopart icle
corgxagatee thteivels fmm almut tiodgprOSIE:w:m@ﬁb cbpwtet dayst e typical extra-

€ Ogeﬂgﬁ} esgrfac?enct:élfljl?acriyor intra-C glhﬂgr evnn%’én e%or%ki)ng for al'{lme perlod can

25  be, for example, from about 1 second to about 60 minutes, more preferably from

¥

about 1 second to about 40 minutes, and even more preferably, from about 1
minute to about 30 minutes. The recording time period can often be
conveniently shortened or lengthened as desired by changing the ambient
temperature of the sample or system. The contacting and the recording can be
30  accomplished in vitro using conventional microscopic photography techniques.
The contacting and the recording can also be accomplished in vivo using, for

example, a catheter adapted with a microscopic camera or fiber optic camera. It
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Sui tabl e nmeans for detecting, recording, neasuring, or

imaging in 15 enbodi nents of the present invention
waneodoasssn i n the art and include, for exanpl ecTastdosms7793

cytonmeter, a |laser scanning cytoneter, a fluorescence

m cro- plate reader, a fluorescence mcroscope, a

confocal m croscope, a bright-field mcroscope, a

hi ghillconteedily sddentito@ns p$ vedmarasiiill inkibe devincashodithents of the

recordi can b cconpl.i shed,, for exanpl e,..w.th by .«
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Vi dBP RAiRp1e SHARNg ﬁ%t@raﬂﬁ@t&bfcﬁﬁdg 6ARR (Bumphafdd REimen can
hal i de si'ngl e exposure canera, and |ike devices. The

r ecdsadsinpltenepaslyaafidsd detpption ofVbiresaentdael, gedf a¢ atdeheor cell

period to observ ot abl ents. arsphenomena, for

Sex spIRer S E BRIy S Brie Ll Tttt Al e o arleley

30 days.Inl dmbodphedb tBt g pr&@liddlh Pharrsaveliaes catidr Wodfprising
or intra-cellular events, recording for a tinme perio

carthe glugeescerg maggparficle  off the rrassal inventies od ewicapbyta ligand
60 Jai N . ARl : about 1 second to
abo%&%g(fnwﬁg%egf}wgn%gfévenx%{)rp(g@pr ef erably, from about

1 mnutla émmbalimeits 3Ber iBuiles praliéed acsiaginagutitatecomposition

period can often he conveniently shortened qr i
10] o fOEHEREE aalggaa‘-‘éigﬁpgasqut %}gﬁ@t}tlﬁ]é, aba Hheransptic agent associated

te or system The contactin
and@lﬂﬂ’fe%ﬁré&geﬂt lﬁ%n%%ﬁ@élé y g

e recording c e 30 acconplished in vitro
usi ng cdnvembodmehtsnihereo s ppividgdhen agragplgy agent rnonguissg the

The. cont acting and the recordi ng.can al e .

2 T St P ROBTslondSt PDIE P abe diceas} A6t ligated-
adaioRehc¥ittnanSp R AE ASGOBE %uﬁ@d&ﬁff@h@ﬁaﬂogmiﬁleﬁj pltHeClmagin[g agent
canera. It 13 WD 2004/063387 PCT/ US2003/ 037793 w |

15he qapalelt lugedevi donventpnahemaging rufperssss, skill prefematiinewhgre, for
i n enbodi nent f the . .present 4 nventiqn.that . .
oy BRI g: Bh, Hatdtins RFRY AP S iRl s depiret. I

f orengboaiéRs, TBK liBged TRIBAI O ARRGfarti @€:06ihe $ré¥en@ivention can
i1 lum nated specinmen can_  al so sinultaneously afford

detrsetidegnipmced {laeresceahbrigliaess véhiehisaforsexgapie, diong abqut 2 to
5¢ iV 0 .\
i RPN Rlns? S0 AL R Eiqte! Bufhog decorpted, fugpgscent
20i s partinléss ecthans fharasece Wtexcpdrticlag.ri er conprising the
fl uorescent na_opart'ilcl e of the_ pr es%lrg)tetinvent,i on, _and
opt i onallnyerabadigspfy therssis dirayided i Msthoretor | trsHRg cefisease or

nar&;gq)q&gric%@ : i'ng: enbodi nents there is also provided a
phar maceut | gls onposition 10 conprising a

| i gat ed-ddminisiesiogrd arpabieptantricell ef trattheat th effagietet amount of a
ag“alpgtate%?ﬁl?o%ies%%r%d na%;t)atl]ti(tzlg ew llclljxo rnea?lgga%iclgagg 1gr{aﬁli310 lil?éludes a
25  therapeutic agent, wherein the nanoparticle is adapted to selectively associate
with a disease producing component of the cell, to form a selectively decorated

cell with the ligated-fluorescent nanoparticle; and

illuminating the decorated cell.

The ligated-fluorescent nanoparticle, by itself or as part of a decorated
30  cell, when illuminated can fluoresce, heat-up, or both. Thus, the selection of the

reactive fluorescent compound in preparing the fluorescent nanoparticle, and the

selection of the ligand, can be made empirically depending upon the balance of

14



In enbodi nents there is provided an i magi ng agent

conprising the |igated-fluorescent nanoparticle, for
wexenpesss7where the |igand of the |igated- fluBCessens/037793

nanoparticle is on the surface of the nanoparticle.

The i magi ng agent 15 can be used in conventi onal

i magi ng processes, and preferably where, for exanple,

a Hivghestdnt ane swantflupresteht c(heaft I dissma:ﬁonh prdpeitghtdesissl. | $ligher
desjred. In enbodine é He l i ed- fl.uorescen difficult,
DR PEPTHECRE B Qe THOAEFOIPCARA Ot g difficn
en é’ﬂl&%ﬂ] . E&RD- ehtprop PN Besired

from aboul I %&Q?%%é’%lggeg% fg%%ll nes %@égﬁ{aer%coérpare @jffB
comtent highdikating is aceded de.donexanile, popmeiediberatipg of a therapeutlc
particle rescent | atex
S e P e P i iRt AeR o P APRbb T of Buiplcgoni-hea
di $8388y.0In cklbs@RREs i€ I iesddigabladsiuge atreixtuig of awd or more
patient” in need of treatnment an effective amunt of a
| i dapted-fluonescenic annopratidpar hirdng WHif@Rath afepasceric| and  non-
optd onal ly inc e t
¢ P REREBL BT L ZanBR e ARB b AR rral Bl lles, for
W teRa@pl sieasengruetus S’éaguémimp,l’lﬁmh a@fm thedetedtion dnd treatment
forma selectively decorated cell with the

10y | Qitaéénqqf%rté%l@ént nanoparticle; and illumnating the
decor at e, ¢ e 11 E&% :ﬂlﬁc?@stc@% ﬁflnB LBERe oY tH@Pfé@@l{ttlh%rﬁton can
by itself ofr as ecor ted 30
I | lbgrasaditcetdeat arhghltmrlmat esenditiat disgasesoor disirfiers. Thight thdrepy is

sel ection of .the reactive fluorescent ca 9u%g i N i

pr éﬁé‘ﬁ}"’inn@r PREVEION A BB URIMSYH Eh AP iOF [PROTC AT SitSs within a
selifgt gf tAb i Gand em%@ﬁ‘inﬁ:ﬁt rg;-d lﬁnﬂi&%fé/mﬂoy example, is
depen pon the bal ance of 2004/

15PC‘b’hU®21®ﬂ8h®3tﬁé’lgﬁy (PDUp mdsdeista mwm rireafohend pegasenvhich has

t d
e
JRAOATBRY My Gfst ddyﬁtfehﬁckﬂllty or tePicadyan@hinidtétirth laulglﬁ)tosensmzer
syst ens. Hi gher non-fluor escent pr ogertl es

de giompgundyes ke moglmoméﬁ g Sub 1 itgmnp@pg axERgnent site
PrQ nﬂapf igf% Be [ %gn&’ fwfi'lcfl QSH@%%H&A o %1 1091rw£\93band of the
er

acc I'VE m Croscopi c-cau
20m m&%@m@zehe&me Lifletr aﬁ@fgyl fctatee dibee ph«stosdnsmyr lempound,
desirable to use a m xture of two or

| | gavene fif lﬁ@)rd@%‘@htth"ﬂ éﬁéb%ﬁiitm%}l%ssq?a@ir r@(aaﬁpi% e éntPatent No.
i Qf &5 GRL skilidAP tt1£e>‘°-‘§1~ttt‘1'=l €% PhRrbscent
thte%%t;)%; t g,{j 6Q‘h ydg\#(#eer ent prSopertlﬁ{es . reseelt
exangkeal, smd]mjist thn dgasdyflmresseuentpatitlgs of ﬂmhplasenlt mavention,
t he detectjon_ and treatnent
can be used in place of a p otosensmzer compound.

25 Heat therapy methods are also known, for example, to shrink desired
tissues, see U.S. Patent No. 6,480,746, and for localized treatment of cutaneous
warts, see Arch. Dermatol, (Jul. 1992), vol. 128, p. 945-948, and to induce
macrophage apoptosis, see U.S. Patent No. 6,451,044. In these and related
applications heat therapy can be accomplished within a body or across the skin

30 by means of, for example, irradiation or illumination, such as ultraviolet

radiation, infrared radiation, microwave radiation, etc. One of ordinary skill in

15



10 of a cancerous tunor. Thus, the |igated-fluorescent

nanoparticles of the present invention can be used to
wonrew063ssr i ght - or heat- sensitive di seases or PCT/US2003/037793

di sorders. Light therapy is known for activation of

medi canents at one or nore treatnent sites wthin a

l'iving body. A particul ar enbodi ment of |ight therapy,

f othexdoptein passcsiop mﬁtthﬁjm@mt mwen@mawutdp@%rc)hlmcemm how

e SRR PRI B PR ae o b ARPLERED of Hpahy

PDT is mﬁrﬁr&%ﬁﬁﬁv&mohlamtprwaésemn@aioawf%aﬁmim €dthpiysing:
adm ni stering a photosensitizer conmpound or |ike

conpoundsntagies sulssquiht # yligatadatiiaratcenly nanenasitlere Aptionally

t d h
55 HE08: belPB AL el A RRR e S REFRRS A R o ool
| i gblectevedy @dcordated withelse lﬁgeeedoﬂmremnsmmmcmpmmbu nd,

causing it to destroy. the diseased tissue, see for

exanpl e ireligingheasiultig decgraipg Lohidor a 1S s readily

evi dent o one . skhd El%cqu.lraﬂlo'h Lork i@ o 8s T iQIs8RE 8Rbunt and

mat eri al’, stch as I gat ed- uor esc% t

nanhz@aiutatﬁinesf dfradibiéngprces ectdpendncmntﬁoo n:,xamgphen the disgubstic or
| ace of a photasensitizer

10 hdRaBHEORGAEY oo i G ARSI Pro i A Rereocet defestiR of
de Sdl{ﬁ:@&d {hS Y@Bndifi6R tHe SeliR? Cé?‘%f Qftan I@fec@tﬁ%eﬁt{@ age@lﬂ Cbr both.

for locallzed treatnent of aneous warts, see
DerTietashqung dod thel @@2ion vthe apgicting 20d Srgligingern @1@0 depend
i nduc

o TR R BRSRROB Pkl Tt Rt o

t heg3pYarfy e bﬁld&ﬁ@ QR bBIAE GeMfbiNirsat@eRQ SYctOss ACKRS Br in vitro
the skin by means of, for exanple, i rradi ation or

15 | |whnl¢1atshlsorperrs@abhh7@§ aglls.r bernegeaized ragp.atengitized gelisamad like
radi at i on. m crowave radiation, etc. One of ordinary
skit P8 ™0 2004/ 063387 PCT/ US2003/ 037793 the art
once i n TRS&REEDDbrécelithRnpeseled of thy réserinvédtiba also have
readi |y recognize how to adapt its materials_ and
e taRBHEGALIOR 15 SEgAILIC KRS OF At5aYS: ﬁwa?@ym&unﬁé%%@ysc Hetapspved
Th V; 0
{1 SE R O g e P goetmont
201 i gagiets khd dreespiesnsuchas dpay dalwbley to (spemﬁmmllyl tyrgeﬁaﬂdashnnb

a ther apeut i ent associ.ated with no
t o PR b eéchntl cAdsepatalg) ipte Téce}grag{e%ta %dtqﬁcetaﬁg 1cat10ns

l'i gat ed- fﬂeqﬁv&ﬁ&%&om&cmf tdr 6b&in 1B detbticatd Bk aﬁiglyté" ehe kit
resul ti ng decor at ed cel for a tinme. The anpbunt and

t he:omprmmgcmllgmedeﬂeorwnm:ammgnals agdlliistraged reseianount

and

The invention also provides a kit for detecting and monitoring a cell

25  surface component comprising a ligated-fluorescent nanoparticle for detecting
the cell surface component, and optionally a recorder for monitoring the cell
surface component.

The aforementioned kits include packaging of the kit component(s) and

instructions for use of the kit.

30 The invention also provides an assay method for detecting motion or a
change in the location of a cellular component in, or on the surface of, a cell

when the cell is treated with a therapeutic agent comprising:
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the duration of irradiating can depend on, for

exanpl e, the diagnostic or 10 therapeutic objectives
wofhod4hve3asr eat ment net hod, such as fl uorescent #eras206/M37793

of a diseased state or condition, the delivery of an

ef fect therapeutic agent, or both. The anount and the

duration of the contacting and irradiating can al so

depend omtadtimg exalpweh 4 heateélfmbrosecnt aramepdrtialej ovherein the

i gat ed-fl vor.escent nanopariicle to the  target

anaT B sl (EHAOS: 4 ARGDepb H6p oot e napated-Gygisoent
as hihophMRIH a BlMIak E@ninenhah@ cells, permeabilized
cell s, "honogeni zed cells, sensitized cells, and like

cel | prepapuinpe. flmresdenigsigeal, sudiorseSemnene or more fluorescent

anpparticles of the present,.invention also,hayve
S oo EE bt SR R sEb PR R i Bl B B8 105G of a targeted
I MeyR&ESaponéd. | Nproved i nagi ng agents, in
purification processes, in drugs, for exanple,
t r eat nenthomotieqorEvament ¢fdba prergscenilonl, dkat dy ayanalyte bound

del jyer ) .fi.cal | -ar get i.n t.unors. or

Co! Y8l 0 AREELh OO S 08 BN LS ORI, B
apptad thatriodiod .or Mwemsriesfithoboykemblyes sechkdsta detlilad 86mpénent.
the detection of an analyte, the kit caonprising a

1¢j gat ed- + fl*a 875 6%%?0"?11 £ slstaetinpg motiogoriq ¢hages & ghe location of a
her oi . . e . _ '
o SR BRI L RS RSB R, g plin
conprosled gositiong af dgafedtfboescarntnanapapelet | The adsay method can

detectin t he |1 .surface_conponent, and optionally
= 1 BEGPRGIITE GERTTRE g CHECEM poved Paces BenpRetRTent of
Theafaah] amiggteltiffidrdsb&t 'ﬂgﬁof;ﬁﬁ?éféﬂi 8 pRiseddd@mliabsence of
conmponent(s) and  instructions for use of 'the kit. 30

15Thethie ihesapeuiin agérd.ofop examplesn afantdssnagr qeatrhbekpedmental design.
detecting, motion_ or a .change.in.the |location of a .
col ul ar TaSaisRarles fuacG G Ao & e BearRE Pigpoedi pfopartictes.
whemmd hetheed bf ise dffiledpresentirvidniort SRl @6l 1a§, BHEMHmple, labeled
conprising: 16 WO 2004/ 063387 PCT/ US2003/ 037793

con#saeY Taagemds eerdagetiroducts yadecioreligny, detcasaaying the presence of

nan ' rei rtj [ e

ConPRAL LS Sl Sy YARBRE Lt MEL MBS oot
2hanBipalotatidneofithe aelt edrhpdi@nt @arjeaizented aaddete@ided] ftg example,

t he, f]l uorescent siﬁnal such as from one or

f | ulFids canmetabolieally, aglive daads nelh ngt tthavhale peall dysate, in a
gglt li')éi’ﬁle%iliﬁecﬁl,@i[‘ ﬁfa Fied 1, bOG AR L QArRityPuliBedeLie gomponent in a

ul ar conponent.
cell-free environment.  The ligated-fluorescent nanoparticle contains an

associated ligand or ligator, such as an antibody, which nanoparticle targets or

25  associates with a specific cell component of interest. The ligated-fluorescent
nanoparticle also contains a fluorescent label or fluorescent component in the
nanopatticle core, which fluorescent component marks or reports on the presence
of the target cell component when the nanoparticle and the target cell component
are associated and appropriately illuminated or irradiated.

30 The invention also provides methods for treating a disease by
administration of an effective amount of a linked fluorescent nanoparticles. The

methods may involve administration of a linked fluorescent nanoparticles as
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The notion or novenent of the fluorescent |oci, that

is an analyte bound by a ligated-fluorescent
woaamapasisicl e, is representative of and can bePCT/US2003/037793

correlated to the notion or novenent of the bound

anal yte, such as a cellular conponent. 10 The assay

nmet hod for detecting notion or a change in the

| ockbdried dieredn, abwiel inl aphatioaEotiealtcompnsiting,| arde cofhbmation with

exanpl e, optionall ping or plotti.ng the recorded
posqt ?6W§W5PUP@é@?éBgﬁﬂﬁ@ﬁg?egﬂfoﬁ@ﬂﬂﬂg?%!c!e. The
assay ”Bfﬂbqgvéiﬁﬂn aﬁs‘éﬁfr@ﬁﬁe&ﬁ@ﬂ%&% iﬂ&%ﬁe%@%ﬂ?&t’ciﬁg&ss of a

e e

di fference between t nmoti on or novenent o

anahgrapeitiowgent| biydartldng the teramsotiargenh rop Aneresdent hanophwicle.

presence and absence .of t he t heragpeutic..agent or
S e e e N S
The, NABPRAEEHGAE ShdBi cRfit absnts ®UBHeaR thdierapeutic efficiency of

| i gat ed-fl uorescent nanoparticles, and nmethods of use

of thathemapsulenagenhvenmingailonad afluogeseent agnopagticle sas legand to

| abel ed .. _ &
¢ nePER ASRREF o HeBRETM e Pl AR IRl AR Smptished in

CONRHH Yere, Fitex@mBID ligandodin @MTSY/ANR, copditieas Pirde cadsfilly
i ke cell conponents. 20 The |ocation of the cel

10c orpestehed toarodice garredice af bigh PHEDES ghqualiby. Siuigpive,
B e s R

celprefeublybdcompliplardt inaizky purified cell conponent in a
cell-free environnent, The é%ggéed-fluorescent .
nanopar t 19 BIeSeit KV FRiIofn Proyides dlugresgert pappgaigicles and ligated-
i gmo%sceﬁtugéhogﬁrtﬁfé koM ndthsR RRNABRMskCe for example,
targets or 25 associates wth a specific cel

15¢ onipomert1abéliignt erbes lulaFheech gmjtive dprobedress cdiagnostics, or cell

nanoparticle also contajns a fluorescent |l.abel, or .
£ | ORaE or i SHGHBnEL o preent, SRGRANT (PEPBAE oy Bhigggsc jvhich
f 1 URIRSERNhoROSRRIRSE BE it K Sie@odbRRRE hisd SdilkubRatbd BSeRCe

of the target cell conponent when the nanoparticle and_.
t he t ar gBlte prsbéntdovignsieerrovidese ligaisdélugresepna mgnoparticles which

appropri.ately ill.um nated I rradiated.. 3
Rt yéilés{’c?rsbl’rl%’v?%‘lgéren‘é%ﬁ%ﬁ BB ip, I%EIQ‘%& pgthods for
200y chaghidaliafd bajchemical amlysd, fsee sy eheadBetiion &t bdolbgiekleghalytes
fluorescent nanoparticles, The nmethods may involve
adninelndmgnicemorERIigs; G ekt cellwlan expramenisanosaligaiet-feorescent
as Ha%off@ti?lgoé%p ?)%&ﬁge Fflcfglll Yoed O%n@?&t?a%%ns dSS #ubREGent . material
herein; “al'one, i'n a pharmaceutical conmposition, or in
coriEcaadeiodnhelt hilgh tartbteskeldctiedlppe uffinity ageiiicsawse of their enhanced

phar maceuti cal conpositigns. The inventjon _al so o
br QUTEHRSSHEOHBRES (& KhoTeh SHOSSIREPBTF Lt (hebgEset aterial s

24t h @&%Fttl%u?%@tth@ﬁaﬁdﬁl}‘ﬁé&g chiReaddhgsaneily Gs a9&Mact Qoating
af cle.

uorescent nanoparti
material as in many conventional materials.

A "therapeutic agent" is a substance that may be used in the diagnosis,
cure, mitigation, treatment, or prevention of disease in a human or another
animal. Such therapeutic agents include substances recognized in the official

30  United States Pharmacopeia, official Homeopathic Pharmacopeia of the United

States, official National Formulary, or any supplement thereof.
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5 The fluorescent nanoparticles and pharnaceutica
conpositions thereof may al so be used to associate
WwOhewapessti c agents to increase the therapeuti 8CT/US2003/037793

efficiency of the therapeutic agent. Conjugation of a

fluorescent nanoparticle with a ligand to forma

i nked- or ligated-fluorescent nanoparticle is

p r ef er abThyergmotiopganthibat dan bevigorjporaled math tho flueseaeqit e,
%?nd apmount s a@giig%@- n can Helcar full t10. Tud
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pr e 4L i
e L
pr efapdls, Ialmeie:bpkasths; avdidpotdciigabgats, cardicyasmmidr agents, anti-

nan partlcles are highly dispersible, and.are
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detect ol ogi cal anafytes 1 ncluding
m crgentsy mhomﬂstlml agengs,cgoiut ageats, h@mpmnennmlunbh@dulators,
I|gate f nanoparti cl Br oV h
| oo Sy AR RATRY ae BRI GrbgelnoERb s felause
of ddA@hlsarit, %tﬂcﬁ%ﬁ& a8 &1t & Ghii Mot Odgetsf adti-tnfecti¥Bé motion
because of their enhanced bri ghtness conpared to

1 5k n cmﬁcnremﬁgeefgd@nscl@mlzmantSe@mms&pmmr\@s,d@mammmwa pon-

n%s .04 &;%gst@% AIPARRALIIE! 2. GaEE o géh?s 3Pt

ics l@@e@hyﬁhﬁns’&)eskf@f@@mt 5 ﬁh@@@ QDOI ,iMedical
subst ance that may_be used in_the diagnosis, cure,

m thepaemiss Campanyniist, Mesrvale.dNamnisreny, precgiZfea9e)i n a
human organahlege Sp %ﬁ%er p%Hfé@ %éﬁ?‘{]tﬁg%'b% 1%?9&; d%ated, or

i ncl ude su ance recogni-ze
20Uni dsecbifbtdtvith tmﬁumnmmppaméhes bathe Horeatpa tifel flomoxef;,

T AT e
Zo%jalg%&ﬁg PETA 482003/ A3 AR5 lin Nk 2REME [sepARRDE: ?ﬂ) bhdtin;

can be 1 ncofporated wth the’ fluorescent nano articl es
or 1tdmenﬂyclg®ﬁﬂbmd>mfr @stuan:tn(sbagcmamcmﬂs)eglwbsulfme solasulfone;

i £ | ud | des |
MRl S R T el

25  isepamicin; josamycin; kanamycin(s); bacitracin; bambermycin(s); biapenem;

brodimoprim; butirosin; capreomycin; carbenicillin; carbomycin; carumonam;
cefadroxil; cefamandole; cefatrizine; cefbuperazone; cefclidin; cefdinir;
cefditoren; cefepime; cefetamet; cefixime; cefmenoxime; cefminox; cladribine;
apalcillin; apicycline; apramycin; arbekacin; aspoxicillin; azidamfenicol;

30 aztreonam; cefodizime; cefonicid; cefoperazone; ceforanide; cefotaxime;
cefotetan; cefotiam; cefozopran; cefpimizole; cefpiramide; cefpirome; cefprozil;

cefroxadine; cefteram; ceftibuten; cefuzonam; cephalexin; cephaloglycin;
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apoptosis pronoters, urinary tract agents, vagi nal

agents, vasodilators 5 neurodegenerative agents (e.g.,
woeandioassn' s di sease), obesity agents, ophthal RCT/US2003/037793

agents, osteoporosis agents, para-synpatholytics,

par a- synpat honeti cs, anti- anesthetics,

prost agl andi ns, psychot herapeutic agents, respiratory
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2530 icBfibiPBh cNERLAR iHRY%ionf dnd may be presented in unit dosage form in
ampules, pre-filled syringes, small volume infusion containers or multi-dose
containers with an added preservative. The pharmaceutical compositions may
take such forms as suspensions, solutions, or emulsions in oily or aqueous
vehicles, and may contain formulatory agents such as suspending, stabilizing
30 and/or dispersing agents. Alternatively, the pharmaceutical compositions of the

invention may be in powder form, obtained by aseptic isolation of sterile solid or
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9 L B Y gl MBS e SOMOSLIL NS 1
25Rseptif(ASP |M‘itché%ns, @f SSERMS.S, 87§19 & H. M. Haddad et al., U.S.
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When desired, the above-described pharmaceutical compositions can be
adapted to give sustained release of a therapeutic compound employed, e.g., by
combination with certain hydrophilic polymer matrices, e.g., comprising natural

30  gels, synthetic polymer gels or mixtures thereof.
Pharmaceutical compositions suitable for rectal administration wherein

the carrier is a solid are most preferably presented as unit dose suppositories.
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For intra-nasal administration, the pharmaceutical compositions of the
25  invention may be administered via a liquid spray, such as via a plastic bottle
atomizer. Typical of these are the Mistometer® (isoproterenol inhaler -Wintrop)
and the Medihaler™ (isoproterenol inhaler - Riker).
Pharmaceutical compositions of the invention may also contain other
adjuvants such as flavorings, colorings, anti-microbial agents, or preservatives.
30 It will be further appreciated that the amount of the pharmaceutical
compositions required for use in treatment will vary not only with the particular

salt selected but also with the route of administration, the nature of the condition
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admnistration wherein the carrier is a solid are
waoned4/06838f er abl y presented as unit dose supposPCOMISE®3/037793
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preparation of the nanoparticles as salts may be appropriate. Examples of
acceptable salts are organic acid addition salts formed with acids which form a

25  acceptable anion, for example, tosylate, methanesulfonate, acetate, citrate,
malonate, tartarate, succinate, benzoate, ascorbate, a-ketoglutarate, and o~
glycerophosphate. Suitable inorganic salts may also be formed, including
hydrochloride, sulfate, nitrate, bicarbonate, and carbonate salts. Acceptable salts
may be obtained using standard procedures known in the art, for example by

30 reacting a sufficiently basic compound such as an amine with a suitable acid

affording a diagnostically acceptable anion. Alkali metal (e.g., sodium,
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target analyte enabling the fluorescent nanoparticle to efficiently produce a
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limited to Escherichia coli, Pseudomonas aeruginosa, Enterobacter cloacae,

Staphylococcus aureus, Enterococcus faecalis, Klebsiella pneumoniae,
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25  see for example, U.S. Patent No. 5,567,627, to Lehnen, and can be adapted to the
present invention. Methods for detecting a nucleic acid with one or more
nanoparticle having oligonucleotides attached thereto, including an
electrochemical assay with a probe oligonucleotide having attached a redox-
active molecule, for example as in U.S. Patent No. 6,417,340, to Mirkin, et al,

30  can be adapted to the present invention. Methods for electrochemical detection
and localization of genetic point mutations and other base-stacking perturbations

within oligonucleotide duplexes adsorbed onto electrodes, such as U.S. Patent
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The terms “include”, “for example”,

e 17

such as”, and the like are used
illustratively and are not intended to limit the present invention.
The indefinite articles "a" and "an" mean "at least one” or “one or more"
30  when used in this application, including the claims, unless specifically indicated

otherwise.
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fluorescent nanoparticle to an analyte, and like combinations, can generally be
accomplished by applying the procedures and principles disclosed in U.S. Patent
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30 invention.
In embodiments, linked-fluorescent nanoparticle, such as a surface

modified fluorescent nanoparticle of the invention can be prepared, for example,
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As will be clear to one skilled in the art, suitable protecting groups can be

used during the ligation reaction. For example, other functional groups present

in the biologically active compound, on the nanoparticle surface, or the linker

precursor can be partially or completely protected during ligation, and the

protecting groups can subsequently be removed to provide the ligated-

fluorescent nanoparticles of the invention. Suitable protecting groups and
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Materials and Methods

All reagents were used as received without further purification and
distillation. The ammonia molarity was determined by titration with methyl blue
indicator before each synthesis. Glassware was cleaned by methods described in

30 literature and dried using a heat gun before the synthetic procedure. The volume

after mixing was ignored in the molarity calculations. The amount of 3-
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N, N - bj s- ' . al kyl h .
N AR T G B S ARy o
20equstireed efot atage hteabdutt 3 ihsufse@edony te@Metiide With @B®eaction vessel

skilled . in th art that many, cross-Iinki ng agents can
be WyetediHIeyhmRAR fUhtogniognize expesiteaB Lighf ioratfpsd aglyorescent

seed particle mixture. Tetrahydrofuran (THF) and absolute ethanol (EtOH) were
distilled under nitrogen. Organic dyes were brought to room temperature from

storage temperatures of about -20°C, then placed in a glove box.

25
Preparation of the Silica Shell on the Core (Fluorescent Seed) Particles

Generally )
The silica shell coating and growth step was performed in the above mentioned

fluorescent seed particle reaction mixture with regular addition of solvent, such

30  as ethanol, methanol, or isopropanol, to prevent drastic changes in solution ionic
strength while the silica forming monomer tetraethoxysilane (TEOS) was added.
This prevents particle aggregation during synthesis, which can broaden the

particle size distribution.
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20 the ligand in formng |igated-fluorescent

nanoparticles of present invention. It is readily
wevia®asdsto one skilled in the art in possessi eaTal2d08/037793

present invention that cross-linking agents can be

used in surface nodifying reactions to nodify the

surface properties of fluorescent nanoparticles, or

| i gated-fl uorescent nanoparticles, and as illustrated
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*m xeg i soners* (TRITC). (Ml ecul ar Probes, 88%

Al eliE /msyBragrgemens with ofar é“i’H?iffééo(TI@ﬁHOélémgéP amyémiémarw

979 '

iy c/%':ti()lrﬁié‘jmg elﬂ 1‘21 irug %’Rﬁﬁgrélu 9 )fé'rrlng g‘%% ?A r%g%rcles) The core
15Pr eipanht m@ngumﬂly@rger thbh t]ﬂrf%QE/B tand;h@é raaR@Pard el (B, 2A,

General ly ia and sol vent were
me a& 67 1L TS ﬁ«‘Aﬁ'Sm F&E@a 5‘%{%60% oA ‘ihﬁ éléllcé shelll theppdiys ek bwparticded
parlhbl%ages%a/ 'i‘S hesS! B We@&fcﬁm JmOihi E@E@ﬁ%‘ {J o MIRNETEM
| asks and stlrrea h magnetic ? coate
st i anabyaiss thatdrybidioa nﬁﬁ@alrtmtns iRy~ dppearzachllevshhe theshydlrodynamic
amoni a solution were added to et hanol and stirred.
Abddt™® mL of the reactive dye precursor in either
20et hanol - @iEuEEERG AN AIRIRILAEAKEss H2 thethk @ﬁﬁh@sﬁs MhdeRuat the
was added to the reaction vessel. The resulting
x&aumeexmglonmmu The ampbiudabbike amtotconalbb@m PR vires tlse

nun%oer o? H}%ediﬁfuslilrrlge sﬁl\cﬁc}elg gn'cﬁhe[ g\%%géeoc%m\{ter%% 1s a measure of the

photons collected from the optically defined focal volume. One can therefore

..

obtain the count rate per molecule for each diffusing species, which is a direct
25  measure of the brightness of a probe. The fluorescence of the core is actually

less than that of free TRITC, suggesting that the dense dye-rich core is heavily

quenched compared to the free dye. However, upon addition of an outer, dye-

free silica shell to the core, the fluorescence increases by a factor of 30.

30 Figure 3A-D illustrate the solvent accessibility and bleaching behavior of
the fluorescent nanoparticle synthesis intermediates. The solvent accessibility of

the core/shell particles is shown in Fig. 3 A-C as a shift in the excitation and
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covered with aluminumfoil to mnimze exposure to

light to afford a fluorescent seed particle m xture.
woebwmayxsr of uran (THF) and absol ute et hanol ( EPOHUS2®B/037793

distilled under nitrogen. Organic dyes were brought to

roomtenperature from storage tenperatures of about
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G £ usi o Eersck fite A hoSos e BT S Yikied mbameRes &
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okes-Ei nstein radi us of approxinmately 1

2A, levlgdmea (RBlesnast Thids. chntebotls iinsnumnppbnian Bi (I@)Iayld 1ts cell

(71 oo Ry b et Fre R A A 10T Beyig RuCherfpamlB. 1o
ZOSI | &Padsbidell onfoliBe Eiddicy f e CQofdal tHedd Oflﬁmdnlﬂ edtRasteas],t o
15 nm Due to electron beam radiati on egr adati on

durastaplisied viaHenefienssof bindingiaspays. | Higere shawslyeisahay
appl%@élliﬁgg% fiﬁi cteﬁéa Dith gﬁti@é’d‘%’[&%&rﬁ%@ sifica nanoparticles. In equatorial

sections of the cells, only the periphery of the cell was labelled, as expected for

U‘l

the transmembrane FceRI receptor. As a negative control, RBL mast cells were
25  pre-sensitized overnight with IgE before incubation with bare silica
nanoparticles.

Figures 4 C, D illustrate that very little peripheral staining was observed,
indicating minimal non-specific interaction between the silica nanoparticles and
the cell surface.

30 Figure 5 compares the brightness of free dye, silica nanoparticles, and

quantum dots with a peak fluorescence at 577 nm (counts/particle for silica
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radius. 20 Figures 2B illustrates the brightness of

the three synthesis stages at the sane excitation
woawros33Bhe anplitude of the autocorrel ati on pPOvViuUSe®3/037793

the nunber of the diffusing species, and the average
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silica nanoparticles is small. However, in conparison
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25 From absorbance measurements over the range of 250 to 650 nanometers
it was established that there are, for example, about 20 dye molecules per
nanoparticle. For example, sample R30 had about 23 TRITC dye molecules per
nanoparticle; and sample R29 had about 21 TRITC dye molecules per
nanoparticle. However, action cross section measurements, 0z, (GM) over the

30 range of 700 to about 1,000 nm for two separate preparations of 25 nm particles
(samples R29 and R30) demonstrated that R30 was almost twice as bright as

R29 over the range and particularly at absorbance maxima at about 700 and
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| eukaem a (RBL) mast cells. Antibody inmunoglobulin E

(lg) and its cell surface receptor, FccRI, are known
woaod4mesa8a reversi bl e but tight conplex. |gE 28CWas$2003/037793

adsorbed onto the surface of the CU dots at the
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nangparticles. In_equatorial, sections of the cells,
onl §pseivatigresygshed sispt meplewdly assepdatediith iaigracken effects

expeeEed thot regaﬂﬁ ﬂk!BTQ_f%flm %g?*&gegﬁ??%mez%p%&?@f& the &fhaflced

negative contr

pr equmatsi tificencyvbsenveaglh tThnk tihislpgksiblefto fiertlien optiaizedie

with bare silica. n articles. Figures 4 C D

N1 %qr?sgﬁ%ce;mal?e%ﬁqﬁg f%r}osalal@qu (9h BT PRIT P Wi
obsgruRth, for U ia§ BloREkdFE, Wy Bkai gﬂg%r%@ﬁﬁ%xfob@ddr&t KICRGE ERAging
bet ween the silica nanoparticles and he cel |
surthadeck®ss ¢ thecere®r shetpay discloded hbreimght ness of free

d i | i tic d t um dot.s Wi th
oAkl PG R R Le SsTaied by s ip o mEmoprtnifips Sxénples:
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20The act i DREQ ¥EXaELPT FElsAash: eé@éé]ﬂﬁsi’]é(?‘isy“?tﬁ@‘{l- The
Pr afyGE b AYAREMIDBHR 91n§&ﬂox3@ﬁ§rférm WiLTd0! 161, Wit mL
resol ved fl uorescence asurerrents of fl'uorescence 15
v ercfiethanphperinmg oMEISc diodls wingsdonghietedtssolntion af AREIC in

S RRLAVRES B SRR Gk B i BRbk T s
|'i f @fltd®8s 41bom temperature.

25 5 mg of Alexa Fluor® 488 carboxylic acid, succinimidyl ester was
dissolved in THF. The molar ratio of 3-Aminopropyltriethoxysilane (APTS) to
Alexa Flour® 488 carboxylic acid, succinimidyl ester was 100 to 1, with 2 ml of
THF per mg of APTS. Following complete dissolution of Alexa Fluor®™ 488
carboxylic acid, succinimidyl ester in THF, APTS was added to the reaction

30  wvessel and stirred for 12 hours in darkness at room temperature. Due to the
minute quantities, the fluorescent dye-core adducts were not isolated from the

reaction medium before the silica shell was deposited.
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t he nanoparticles was neasured at 1.9 ns, whereas the

lifetime for TRITC is neasured to be 2.1 ns). From
wohbs/Oe33set i ne data al one, one m ght concl ude Phats2dBe37793

dye i s quenched inside the conpact core-shell
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Oy BEOROR S HY P ROGAIRT 8 850 (SAH S TUGEHI Gy anat o
(TRI TC) were dissolved in et hanol The nolar ratio of
3-am nopropyl tri et hoxysilane (APTS) to TRITC was 50 to
1, with 2 nL of ethanol, per ng of APTS. Foll ow ng
conpl ete dissolution of TRITC in ethanol, 15 APTS was
added to the reaction vessel. The reaction was stirred
in the dark in
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representative procedure follows. 10 Dye-rich silica
gore is synthesized by adding 170 M of the precursor
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aPPARRIARY & g %g qg O 305 RY,
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m XA IR A A WaSuro? Abuamenigp & fcles there

l0as added contl nuously 2 mL of TECS in 100 nL

S0 & onalsabyanic ol oau s e g M B
range below about 70 nm, TEOS was added in small aliquots intermittently, to a
mixture containing the dye-rich fluorescent core, such as 300 microliters in
about 10 to 15 minute intervals, and stirred overnight at room temperature in

15  darkness. Molar ratio of de-ionized water to monomer was kept maintained at

about at least 6-fold but not more. To better monitor water content in the

reaction mixture, 2.0 M ammonia was used as the catalyst source, dissolved in
ethanol, methanol or isopropanol, depending on the primary solvent of the
synthesis, such as 2.0 M ammonia in ethanol. After the dye-rich core/seed

20  particle was prepared, tetraethyl orthosilicate monomer was added intermittently,

such as 300 microliters every 10 minutes to grow the siliceous shell. In contrast

to the larger particle procedure where monomer was added continuously via a
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TECS was added at a nore rapid rate, such as over

about a 45 mnute period wth sinmultaneous addition
wof004P633st. of additional solvent. Optionally, wRaraIS2003/037793

was added at this stage to grow particles larger than

about 100 mm and to maintain the nolar ratio of water

to TECS as tabulated in, Table |I. The resulting 20
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Alternatively, to produce nanoparticles having a
narrow particle size rangE&Exaglpkvtabout 70 nm TECS
was,__added in _small guots intermttentl tQ.a

.
m A ERPAGRledrigntien ?q?épb%) Witk ik pysidsorr ¢n Sl coatedn
1585 30 I‘ftrlﬁhgﬁzﬁﬁéleé bt dEﬁngpH r& @itdd (1 DO £20 Wlth Phosphate
overni g

|nterv stirre t at ro mterrp rat u
i n buffered saline (PBS) or Tyrodes buffer at pH 7. Immunoglobulin E (IgE) (0.85

mg/mL stock concentration) was adsorbed onto the fluorescent nanoparticles by

d=

incubating with IgE for about 3 hours at room temperature to provide, for
example, nanoparticle-IgE ratios of from about 1:1 to about 1:4. For

20 nanoparticles greater than about 50 nm, unbound IgE was removed by
centrifugation. For nanoparticles of size of 50 nm or smaller, the unbound IgE
was removed by adding 100 microliters (in a total volume of 500 microliters
nanoparticles-IgE) of 0.25 wt % latex particles of size 1:2 microns. Unbound
IgE stuck to the large latex particles which then settled out of suspension if

25  undisturbed in several hours, for example, with overnight incubation at 4°C.
The residual pellet mass was confirmed to be primarily latex particles bound
with IgE and discarded. The resulting supernatant containing the IgE coupled-
nanoparticle (IgE ligated-fluorescent nanoparticle) was carefully separated and
placed in a vial. The resulting IgE coupled-nanoparticle samples (i.e. IgE

30  adsorbed onto nanoparticles) were stored at 4°C for cell binding experiments.

The IgE coupled nanoparticles were diluted in Tyrodes-BSA before cell binding.
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buffered saline (PBS) or Tyrodes buffer at pH 7.

ImTunogI obulin E (IgE) (0.85 ng/nL stock
tion) was adsorbed onto the fluorescent

art icle batin for 0 .
Olq out § dt°Pr B iﬁl %}1@%‘%@ u)i}llsléarf %A}%}&\@ng&} I%Cg) #ﬂufuélcuonal
NanORgs-lihking Regfert @ie® MidofdORt QbMéﬂlyﬂ-leuE@inﬁQﬁW adlp ate
1:4, For 20 nanoparticles greater than about 50

unb@@Pd)-1 gE was renoved by centrifugation. For
nanoparti cI es of size of 50 nmor smaller, the unbound

| gE . Lit t.of al
B L IR MR N
25M 26 ﬂnatsaxpembhlo@ he@Sopaftictdsagitila diafledr @RS nkiROHOG ribed in

Table I, was used. The nanoparticle concentration was 4.33 mg/mL as

determined by fluorescence correlation spectroscopy, and by drying and
weighing known volumes of the suspension. Other nanoparticle sizes and
concentrations can be surface modified according to this procedure when
30  appropriately adapted in view of differences in particle size, surface area,
concentration, and like considerations.
Fluorescent nanoparticles having a silica shell were cleaned by dialysis
after their initial preparation described above. The concentration of the silica
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exanpl e,” carbodiimde nodification and as il lustratéd

her edter. grovin mrtheMS A, 20 afford carboxylic acid groups covalently attached to
| met hyl et hoxysi | ane (APDVES) (Gel est

I nc{ﬁ)e 88%5 eo%tjtg %%opthé “0ss- i nki ng Reagent (Pierce
2(Endogen Inc.): Methyl N-succinimdyl adipate (MSA).

NangBasak 5@ ChtatRALatNKIFERAl | zat i on was

acconplished as folTows. A 25 20 nL suspensi on of

nanéhenarophiislagroducts aicaiefiactiofali2giomteradesdalsat dboed were

in

characterized by Fourier Transform Infra-Red (FTIR) spectroscopy. The
vibration bands of the mono-substituted amide groups at 1500-1600 cm™

25  indicated the linkage between amine groups of the silane compound APDMES
and the succinimidyl ester groups of the MSA compound , as well as the
carboxylic acid signature at 1700 cm™. The observed spectroscopic changes
compared to the starting nanoparticles were indicative of successful surface
functionalization reactions.

30
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Table I, was used. The nanoparticle concentration was

4.33 ng/nL. as determ ned by fluorescence correl ation
wepestoesscopy, and by drying and wei ghi ng knoRaT/US2003/037793

vol umes of the suspension. O her nanoparticle sizes

and concentrations can be surface nodified according

to this procedure when 30 appropriately adapted in

view of differences in partﬂﬁlé@]s'ﬁze surface area,
concentration, and |i ke considerations. Fluorescent
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101. gbasgingrapapicigse rCe;%qﬁargera’q basopbilierdeuksoua (RIAG) mest cells) were
literat val bes The Iy
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- Ot T ephpentavidh (@bherfof tell e i IQn Metabpp%B%%uhﬂfer 306%s
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excHasINgIbHehWE AL completnaneppisislcanior P?é?élﬁﬁléear@@dazxm IgE
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15EX csanalivatadt Ehe re&BBh@SaM@ﬁrtd:lléilgﬁZlﬁdmdwaﬂhs iie. IgE (ioupled—
phosphate puffer at pH 7 over 12 hours. The ulting
ami FRR0RgF lﬁgﬁ opud focrells V%FH% Wéﬁk?@d”ﬁt}hTm?égfiJ%% gl hegells were
pH cess of MBA
di S\Z1g%€%§n&éi‘%ﬁ:|oﬂr%g%cﬁﬁfl suI %\éxfog SlgeactﬂEE a %
t enper at Gmefof:aiﬂmammpezintageﬁshhwd,sfor Exama[ﬂs the tapatirfade of the
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20eSt gleed) ﬂﬁé&l@})h&et‘[@ 6hdV¥P6e- ldc@h@eftiBﬁ ot t}feaefnlﬁmﬂﬂ' Weth@6d Shnoparticles.
groups covalently attached to the surface of the

nandpather st ef inz@esidsiespdran dheecquiterialgiey pﬁﬁl@ucsﬂs o wEden
nangpar ti cl duc at h f o]y a9n sle
des@? Ir%atl &'o goveol valile\% white ARGV qu%ons otatlh y recepPors
marked by the fluorescent nanoparticles can be monitored via SPT. Appropriate

controls were performed to check for non-specific binding as follows. Control

25  cells were pre-sensitized overnight using IgE, so that all the receptor sites were
blocked. These blocked cells were then harvested in the same manner as above
using Trypsin-EDTA, labeled with same IgE coupled-nanoparticles per cell
concentration. These cells were then viewed under the confocal microscope for
any nonspecific binding (or sticking).

30 Referring to Figures 7A and 7B, there is illustrated an example of high
bio-molecular binding specificity of, for example, 100 or 300 nanometer

diameter fluorescent nanoparticles of the present invention (Fig 7A) compared to
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characterized by Fourier TransformlInfra-Red (FTIR)
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10har vest el Hisnusg 7Arapd oiBa thedwgendshe cel I's were then
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of Cer s 10N A A LEToECohicn 5 BRI B8R R SEccprors
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Bie i
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The, frtﬁéafo}éxﬂ&tfaﬁe@g%&ﬁs%sd'gE bound cells, i.e. IgE

coupl ed- nanoparticles bound to cells, were washed
I5with Ty r‘(mtaﬁrelBﬁAhcbs dldnh’érafa’s Itcsthmes@ectwednﬂding o @E eoupled-

conf ocal mcrosc e eC| c bin

i Brsp TgttEn R ahs ard b PoRRETeg e easevih
of ddne cells decorated with the red nanopartl cl es,

and the antibody IgE is labeled with a 20 green

fl uorophore to show co-1localization of the antibody

with the nanoparticles. An herls t of images, taken
fromthe equitorial view o I'l's showed an

20al tSihpRIPaEicRONTa0RRIg (BPTFY Bhelceibrédcust nafopaticie itckihg
the anti body receptors
experiments were performed by confocally following the motion of a selected
single bright fluorescent spot (corresponding to a single receptor bound particle)
for about 20-30 minutes to track the diffusion of the receptor to which the single
particle was bound. Alternatively, a plurality of selected single bright
25  fluorescent spots could be tracked.

Single particle tracking evaluates lateral diffusion of individual
components on cell surfaces. This method is based on direct observation of
bright fluorescent probes that are specifically conjugated to macromolecules of
interest. Tracking of individual components reveals a variety of interesting and

30  useful behaviors including confinement to a small region or movement along a

track. This information enables an understanding of how components interact

within cells, on cell membranes and like structures or components. However,

43



mar ked by the fluorescent nanoparticles can be
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fluorescent nanoparticles of the present invention
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Single fluorescent nanoparticle tracking experinments

weradged fod pertiirbgd womble alotey/fofroktianihngrbs eanenoieimsivalodf the
sel ﬁﬁtl“%dassociated with the surface. Subsequent cleaning or removal of the

HDTB from the nanoparticle provides fluorescent nanoparticles having a
mesoporous silica shell.
25

Cleaning Procedure

After about 5 hours of reaction with TEOS, a solid was recovered from three
centrifugation washes at 6,000 rpm. At each centrifugation step the supernatant
was refreshed with absolute ethanol. Two washes by filtration in de-ionized

30  water followed the centrifugation procedure. The centrifugation and filtration
steps removed approximately 90% of the HDTB surfactant. The recovered
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single bright fluorescent spot (corresponding to a

single receptor bound particle) for about 20-30
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which the single particle was bound. Alternatively, a
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spots could be tracked. Single particle tracking
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added a at once. The 20 HDTB serves as a tenplating
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subsequen enobva
reference herein, as though individually incorporated by reference. The

invention has been described with reference to various specific and preferred
25 embodiments and techniques. However, it should be understood that many

| variations and modifications may be made while remaining within the spirit and

scope of the invention.
Figure 8 A illustrates that both the red core and green dye are

immobilized inside the pores of the nanoparticles at 488 nm. FIG 8A further

30 illustrates a mesoporous particle with a red core entrapped with some green dyes
inside the porosity, yields two fluorescent signals from the particles. When a

particle is excited at 488nm, which is the absorption maximum for the green dye,
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HDTB associ ated with the surface. Subsequent cl eaning
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pul se rate of 1.0 second on and 1.0 second off for 30
seconds of pulsing or until the solution appeared 20
honbgenous. The centrifugati on was done at 25C at
3,000 rpmfor 5 mnutes. Therapeutic agent | oaded
particles were stored at roomtenperature. All
publications, patents, and patent docunents are
i ncor porated by
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reference herein, as though individually incorporated

by reference. The invention has been described wth
woebmroessse t o various specific and preferred 2BCT/US2003/037793

enbodi nents and techni ques. However, it should be

understood that many variations and nodifications may

be Whdeiswhiihedriemai ning within the spirit and scope

of the jnvention. Figure 8A illustrates that both the

r ed- O PROEREFIG PRRARAEHFE SEPTISRR obi | | zed i nsi de t he

pores of, e HANIRAL b NEbRIcAt sifBf cBfpofmdSald further

30 illustrates a nesoporous particle with a red core

ent r appedsiliga dhel onehgyearen dyes inside the porosity,

yields two fluorescent signals fromthe particles.

Wen a particle is excited at 488nm which is the

absord PRt IRWIcfagh 1tWieeréineRdlcdty ompARsédbhe reaction product

2004/ 063387 PCT/ US2003/ 037793 the signal for the

gr edna 1dyasive Slupreseentoereperifandsa of grne-ilang, apfl thendhicled

core, because t.he r d I . r D

i oS Bnackiphpf Bl Ot ife-dP B REARRLRE, |

excited at 585 rim at which the red core absorbs

maxi mal ly, the red signal_ is enhanced, further

subbt B iaepHyclerd clgat fPrber ERENE 4 karee gndhe gafage of the
it hah I RS APRER PO NGO S e anbiltticle. g5
nm the red core is still immobilized inside the

nanoparticles. Figure 8B jllustrates the synthesis of
MCNE- 4@%@@?9@%@6@% lafja g wergin tag hgadicmine RfasE Of dhe

N h@0r i ' j 1y | to
B S e e e A
ageabkorpsonl so described there. Figure SCillustrates

the TEM characterization of the nanoparticles: The
nanoparticles (wthout a red core) were enbeded in

epoxy, THE GhSRARM b GARM3 Whbris ekd 11288d dRdtHe! aaefe06f the
a copper grid. The inmage was taken in a LEO 922 15
Enditupyescenitnanephrtieiiis m?ecmt)frqu\vhqr gropp gensiging ¢ighpiopolymer, a

field .at 44, 000 X 1 ifi ion. T . .
cut RuBle B RGBS AbaR 5B fogpeeniyma g v @ receptor
Vi sd Bdiften, afhCen¥in2 0DAOSREIBSE cREMICIB268343/ 4 P3thodbata tokin, a

claimed is: 1. A fluorescent nanoparticle conprising:
surface modifier, and combinations thereof.

6. The nanoparticle of claim 1 wherein the silica shell coating on the core covers

from about 10 to about 100 percent of the surface area of the core.

7. The nanoparticle of claim 3 wherein the ligand on the surface of the
fluorescent nanoparticle covers from about 10 to about 100 percent of the

surface area of the core.

8. The nanoparticle of claim 1 wherein the thickness of the core to the silica

shell is in a ratio of from about 1:1 to about 1:100.

9. The nanoparticle of claim 1 wherein the diameter of the nanoparticle is from

about 1 to about 1,000 nanometers.
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a core conprising a fluorescent silane conpound; and

a silica shell on the core. 2. The nanoparticle of
wobheisrmei3snher ei n the core conprises the reacti 8aT/US2003/037793

product of a reactive fluorescent conpound and an

organo-silane, and the shell conprises the reaction

product of a silica form ng conpound. 3. The

nan ticle of. claim1 further conprising a |ligand on

{ hel SuFheimopttticke! ol dr Bsberomh %F%P%utfcoaaes? m a

| i gated-fl uorescent nanoparticle. 4. The nanoparticle

of claim3 wherein the ligand on the surface of the

f | ubk.eSloemmnopantiolsaxfclastnd fugthert coaghisthgonytharapewtad agent.

bond or by physical absorption. 5. The nanoparticle

of claim3 wherein the ligand on the surface of the

flupr, eﬁmmnopaﬁel@afftcla@mq 0l c¥ 13 eliRedin fﬂhd‘ th@ﬂ?ipédtﬁ; @%ﬂﬂi@ selected

consisting o |opofy synthetic Eg yner,

ant frggarthe grpun @pnmw ofa dg radmlgah‘plslm a surigoe podifier, “and

recgg&ﬁ me§ﬂ1 g%en an enzynme, a hornone, a chenica

conpoun a pathogen, a toxin, a surface nodifier,

and conbi nations thereof. 6. The nanoparticle of claim

1 wherein the silica shell coating on the core covers

f r ohd-abimanppartigle 6l?ﬂm11@o>réém_eﬁ@m dte the@peyijcragsat 1a@gsé>rbed
{n]%?ﬂ%%{{%aﬁﬁ?lhgﬂﬁeﬂ D eﬂgjﬁé cle of claim3 wherein

the e sur the fluorescent

nanopartlcle covers from about 10 to about 100 percent

of he surface ﬁ %a of the e nanoparticle
S

-l BengRatigleptckem i & l@ﬁ g‘;@r?ﬂl ﬂ%%tge@lﬁ?@lct agctig coated

S' 'engathéﬁﬁéshleﬁoqulaﬁ drdcief fromabout 1:1 to about
10 9. The nanoparticle of claim1l wherein the

dlaneter of the nanoparticle is from about 1 to about

f)g anomsters 4%71V\D32 4/0 EB 7 PCT{ USZO?S/ 0377 d i
h %%’BB%%PF & “cV AT RS IFtREP S U PR A V!
thegh@m%gﬁd 6f B8 @Rtopadidele. The nanoparticle of claim3
further conprising a therapeutic agent. 12. The

nanopartlcle of claim10 or 11 wherein the therapeutic

20°fll A SuARhERF Sint oML RS B0 QUR GORSL LG O 2

drug; a surface
conmbi nat inpfisg b fieoReEent ddnpdiid dndReEagdnoddilan®@Eorp@indtd Gorm
or 11 mhereln the therapeutic agent is absorbed
a fluorescent COrc; and
mixing the resulting core with a silica forming compound to form a silica

shell on the core, to provide the fluorescent nanoparticle.

17.  The method of claim 16 further comprising combining the resulting
nanoparticle with a ligand selected from the group consisting of a biopolymer, a
synthetic polymer, an antigen, an antibody, a microorganism, a virus, a receptor,
a hapten, an enzyme, a hormone, a chemical compound, a pathogen, a toxin, a

surface modifier, and combinations thereof.

18.  The method of claim 16 further comprising combining the resulting
fluorescent nanoparticle with a therapeutic agent selected from the group
consisting of a drug, a biomolecule, a surface modifier, and combinations

thereof.
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into the silica shell of the nanoparticle. 14. The

nanoparticle of claim 10 or 11 wherein the therapeutic
wagentossas7coated onto the silica shell of thePCT/US2003/037793

nanoparticle. 15. The nanoparticle of claim3 wherein

the therapeutic agent is associated wwth the |igand

of the nanoparticle. 16. A nethod of naking a

fluprescent nangparticle prising mxin o .

f1 ubtescoht TERRESLAD SheeErl Bt Lano iR Smisnsgomprises

f or atidg ihd s M8 0. MersRu8: a@ndl offoth®8urtde of BRahbpgticle.

core with a silica formng conpound to forma silica

shell on the core, to provide the fluorescent

nangpart i . . 0 ' . fur 'y .

Contr si e Btiblor 05 o2 N RAPY 7 B Y HhaStililflns copprise

a | ingsbohgskd Bgdndarfilic@apcutie agend o Clensirfite afthehagoparticle.

bi opol yner, a synthetic polyner, an antigen, an

anti body, a mcroorganism a virus, a receptor, a

haps€n, j - C nd, :

pat ogen: o AREt oy Ba: SRR £ B TR A coftprises

conboirmiatg tha dighikorthérapdiBic dphet toehdsafaoé ofthairesultfng

further copprising conbining the resulting

f | s EPnanoparticle with a therapeutic agent

sel ected fromthe group consisting of a drug, a

thergor HE"od SobuERIR oL 300 FON R kg Rnt f o cel
nethnqmmmmany one of claim17 or 18 wherein conbining

ont 0. 1 he R RBGRBFEI Fity R P RiFS:cnbOitoPiE e e @ cel
of MiiQBS @cofdid Mith/ el 1idBedfdrBéddnt ﬁﬂxtﬂp‘ai'tﬂge and to form a

conprises” inbibing the ligand or therapeutic agent
i nt duerhesesUiotiaerd of t he nanoparticle. 21. The met hod

of any one of cl.aim17 or 18.wherein. conbi nin .
Comor) soBEopin iR Mbidn BF g AN GESERDIED a0 £ ek, g mquor the
t hemsvsthagerafceliier é@sdnbhtng nanoparticle. 22. A

nmet hod for nonitoring novenent of a cellular conponent .
of a cell conprising: contacting the cell with a

[ e . i 6l f I

P20k bR la 3 ORBIH B LR LRI Bk o onc o
nan@ped ligatddeflandsdent dadoparécle bound to a component of the cell.

24. The method of claim 22 wherein the fluorescent loci corresponds to a single

ligated-fluorescent nanoparticle bound to a component of the cell.

25. The method of claim 22 wherein the ligated-fluorescent nanoparticle is

adapted to selectively associate with a cellular component of the cell.
26. The method of claim 22 wherein the cellular component is a receptor, an
antibody, a hapten, an enzyme, a hormone, a biopolymer, an antigen, a

microorganism, a virus, a pathogen, a toxin, and combinations thereof.

27. The method of claim 22 wherein the ligated-fluorescent nanoparticle is a

fluorescent nanoparticle conjugated with an antibody.
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fluorescent |loci; and recording the notion of the

fluorescent loci for atime, to nonitor the novenent
woRo@/06848h ul ar conponent. 23. The net hod of cl aCmMUR2003/037793

wherein the fluorescent |oci corresponds to one or

nore |igated-fluorescent nanoparticle bound to a

conponent of the cell. 24. The nethod of claim 22

wherein the fluarescent .l oci .corr.esponds .to a sjingle

11 gatold PEBPa SEe Rt A1aIsr 6 BHBetnE i Bomsint

of the cell. 25. The nethod of claim 22 wherein the

|'i gat ed-fluorescent nanoparticle is adapted to

sel 8%t Thempthed ob elaim @8witicrein thecantippdy 1sdedponent of the

cell. 26. The nethod of claim 22 wherein the cellular

conponent is a receptor, an antibody, a hapten, an

enzyoe, Tae haemodeof alalhopblwieesin ARoRiMg gerhcc@nplished with a

m croorganism a virus, a pathogen, a toxin, and

conBiEasqopiselly pdaniesk canera. The net hod of cl ai m 22

wherein the |igated-fluorescent nanoparticle is a

fluorescent nanoparticle conjugated with an anti body.

49 YD 2N A26R380T i U32e008elB3torling® 8or T Henered fioth about 1

claim 27 wherein tﬁf anti body is an inmunogl obin. 29.

TheHePHsand e o8 1] 98Swherei n the antibody is IgE

30. The nethod of claim22 wherein recording is

acconplished with a mcroscopically adapted canera.

31. 3Zh&heretehod offclaph2rwik2einmeroeding feacolinie myfrémrabaut 1 second

ti .S gégnmqgout 1 mcrosecond to about 30 days 32.

The rAOHbY BETEPSYi m 22 wherein recording for a tine is

fromabout 1 second to about 60 m nutes. 33. The

met hod of claim 22 wherein the contacting and the _

r ecd3.di Hlap arethodaet ehpni Thaderain vhe contaging e thereronding are

of g&gingz dﬁhegﬁin the contacting and the recording

ar e “REETANG ERéL i n vivo. 35. A phar maceuti ca

carrier conprising the fluorescent nanoparticle of

claim1 and optionallg a ligand. 36. A .
phad#racbig meahodc ahslsamt 1% avhetswib rthe captagting and the recording are

i gate 1$$M&¥?§$£Pt nanoparticle of claim3 and
optionall'y a therapeutic agent.
35. A pharmaceutical carrier comprising the fluorescent nanoparticle of claim 1,

and optionally a ligand.

36. A pharmaceutical composition comprising the ligated-fluorescent

nanoparticle of claim 3 and optionally a therapeutic agent.

37. An imaging agent comprising the ligated-fluorescent nanoparticle of claim
3.

38. A method for treating disease or disorder comprising:
administering to a patient in need of treatment an effective amount of a
ligated-fluorescent nanoparticle optionally including a therapeutic agent, the

nanoparticle being adapted to selectively associate with a disease producing
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37. An imagi ng agent conprising the

| i gated-fl uorescent nanoparticle of claim 3. 38. A
worbhagd3dor treating di sease or di sorder conpr PETMG2003/037793

adm nistering to a patient in need of treatnent an

effective anount of a |igated-fluorescent

nanmpgronentl ef tiet cadinad | fprm rec kelelitivglyadtdoeatep el i witlaglenligated-

the. nanoparticle being adapted to selectively

as SHTaeE AP PA P o producing 50 WD 2004/ 063387

PCT/ US2083/ 03,648 3he GROROIERIL t@&reﬁﬂﬁs&@é br dik@dbor m a

sel ectively decorated cell with the |igated-
fluorescent nanoparticle; and illum nating the

d d Ll
ec at ce 51? C}ﬂt % §t Rr}ﬁ%: gtgl S ;ﬁ%ﬁ} %b ?Igateg%ﬁweeggggn{;anopartmle

nanm&égcks:érﬁi heatsUy RE&ESIuaNshteat s- up when
illum nated. 40. The nethod of claim38 wherein the

Iigated-fluorescent nanoparticle is an antibody

lig .eﬁlhé %g 4 fohg i?if E@Rxg{%&nl? g fl%a%(f" ﬂuélt%SceEp? r@?&ﬁﬁ% is an

of claim erel n I Sease | cancer ous

42. anfibedyreidredioad fladrascsn3@nobatielen t he di sease in
sensitive to fluorescence, heat, or both. 43. A
met hod of treating a disease or disorder conprising:

conja Cfl%elqg?tﬁo& &t #mﬂ’ﬂ 58 \7@16{‘6}'[19 efaéeuig 'E;?lﬁ:%gﬁ% tumor.

nanoparticle to forma ce ective orated
with the |igated-fluorescent nanopartlcle and

irr d| |ng the esultl deco ated cell for. a

tre %h Cla%m 36 ‘g%"rfalé‘r the giseasg 1g; genfigye [ écﬂﬁ%FFscence
thqmggggggﬂpn of an anal yte, the kit conprising

packaging material containing a |igated-fluorescent

nanopartlcle 45. A kit for detecting and nonitoring a

ceI ce ¢ nent.,, the ri.si ng packagi ng
% glbcf?tc%ﬁ%%pﬁﬁg ﬁd Seﬁsﬁtoé 159F‘1?6Fé@8%ﬂflgnanopart icle

for det @ptdchfg taheelc §lith 5 UEAt8EEuERIRAN @Bhopadtidle to form a cell

optionally a recorder for nonitorin the cell surface

consnslitiely daeprated valhsthy hﬁ@t@cﬁr@@om@% senopertistp; @sd i on or
a Change aﬁ aLHE ﬂ]l ofe%lltlgg 13t dcc%l lf% % Iﬁé) W%?tnthe %ﬁse@se or
]t ? r ea? g I C

cel | wheh erapeu
ageditordeoOnpri si ng:

44. A kit for use in the detection of an analyte, the kit comprising packaging

material containing a ligated-fluorescent nanoparticle.

45. A kit for detecting and monitoring a cell surface component, the kit
comprising packaging material containing a ligated-fluorescent nanoparticle for
detecting the cell surface component, and optionally a recorder for monitoring

the cell surface component.
46. An assay method for detecting motion or a change in the location of a

cellular component of a cell when the cell is treated with a therapeutic agent

comprising:
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51 WO 2004/ 063387 PCT/ US2003/ 037793 contacting a cel

with a ligated-fluorescent nanoparticle, the
woaamapasisi cl e having a therapeutic agent, to bPad/uSkm®3/037793

| i gated-fl uorescent nanoparticle to a cellular

conponent ; and recording the fluorescent signal, to

det ect t kentagtingomcdt Wlltb@d@ga@ﬁd -Berapggent mwmcle the nanoparticle

co t, 47, The of ai.m 4 urt

co%g?g ity pdeng Pﬁ? At nt’ (%% R f%f? |]1§%te§ é?s\%%rét niqapgartile to a

notbamﬂaﬁmﬁqwﬁﬁﬂ@&mpf the bound | i gat ed- fluorescent

nanoparticle_ in the presence_ and absence of th

t her apeuf$©rdips pre flugescanigppdgtordsiecy dccmption of Paﬂsa’rwn change

pre%ﬁﬁ&%ogfoﬁgﬂanalyte conprising: contacting a sanple
ontaln an analyte with a |igated-

fluorescent nanoparticle adapted to associate with the

anal fo a |igated-fluorescent
nanééar The el é?filﬁﬁ@%%l@nﬂero‘mmma feisepming fhegdifference
unc R/ %ﬁje iﬂoﬁaﬁ @ nidMBlRE GFfPlts b@)ﬂﬂ&’ Ridhiel HudrestB nanoparticle

detecting the fluorescent sign

li gat ‘éld-pfretsummldabsemanﬁﬁarth@ra}b@mcagaityt e conplex to
establish the presence of the anal yte. 49. The nethod
of claim48 wherein the |igated-fluorescent

Nanqpan! meih6d &t ¥dcting ARMREIRESO! 4 duaBd Einpridipg.escent
nanoparticl e where the li'gand is selected fromthe

group con@mtgfetmgg apfamzple eWthh onporfentain &nb alaféyiﬂeywﬁh a digated-

synthet |

r ectgp oF Cengn?%{%?gﬁl %{jr?pgﬁzty%% mﬁ%‘h‘gﬁﬂ@he anai./\yt%’ﬂgmeég}t’ to form
C0TTEQllgﬁ]t@d-fﬁm@@bém@@ﬂopa@hd’l@&hdlyte@ﬁﬁlp%&nb| nations

thereof; and an anal yte selected fromthe group

consi st i ABLYRLY sepE s Yramplaxed hg@tpqhﬁ%loreac% mpnopgrticle; and
cel | co ”HQB%@&H tﬁ% b%l%%%%ﬁ&e s 1&1)1? 1 Eﬁ%& ?lug%lsé@iﬁ? " narfdParticle-

anti gen, arec
enzymﬂweaommkﬂuneyabhﬂhhapﬁﬁhme@ﬁﬁmumﬂhna pat hogen, a
toxin, and conbi nations thereof. 50. A fluorescent
nanoparticle conprising: a core conprising a

e R e T S
comprises:

a ligated-fluorescent nanoparticle where the ligand is selected from the
group consisting of a cell component, a biopolymer, a synthetic polymer, an
antigen, an antibody, a receptor, a hapten, an enzyme, a hormone, a chemical
compound, a pathogen, a toxin, and combinations thereof; and

an analyte selected from the group consisting of a microorganism, a
virus, a cell, a cell component, a biopolymer, a synthetic polymer, an antigen, an

antibody, a receptor, a hapten, an enzyme, a hormone, a chemical compound, a

pathogen, a toxin, and combinations thereof.
50. A fluorescent nanoparticle comprising:

a core comprising a fluorescent silane compound; and

a porous silica shell on the core.
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51. The nanoparticle of claimb50 further conprising a

t herapeutic agent, a ligand, or m xtures thereof, on
woheo4asdsace of the fluorescent nanoparticle. BET/USR®3/037793

nanoparticle of claimb51 further conprising a |igand

on the surface of the fluorescent nanoparticle. 53.

Thé1ndhepandgacticde of cleinabdrfifthef cortprasing o therapsuig agent, a

e

conprising a magnetic conmponent in the core of the
fluorescent nanoparticle. 55. The nmethod of claim 16
f urSch dihe mongairtiile gf ¢lrisaf] Agtheheomprsnes tismmd eothe sugipecpf

latin rior to formng a silica shell on
EnebeBpdesli SR8 BEhod of i aim 85 wherein the
tenpl ating agent is a quaternary ammoniumsalt. 57.
The nmet hod of claimb55 further conprising remving th

t erddl dibemgnenseigle obgleian 51 GrHichgomPEsing 8 Hcsppsuic ggent B the
corﬁ éé)e éf}é)\ﬁgm%ﬁc%ﬁ{ n}agﬂlueca shell. 58. The net hod

of ¢l rising treating the porous
Si Ilca sheII with a ligand, a therapeutic, or
m xt ures thereof,.
54. The nanopartlcle of claim 51 further comprising a magnetic component in

the core of the fluorescent nanoparticle.

55. The method of claim 16 further comprising treating the fluorescent core

with a templating agent prior to forming a silica shell on the core.

56. The method of claim 55 wherein the templating agent is a quaternary

ammonium salt.

57. The method of claim 55 further comprising removing the templating agent

after forming a silica shell on the core to afford a porous silica shell.

58. The method of claim 57 further comprising treating the porous silica shell

with a ligand, a therapeutic, or mixtures thereof.
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