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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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tinnors, and related treatnent applications, see for
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
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
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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illuminating the decorated cell.
The invention also provides a method for treatment comprising:
contacting a cell with a ligated-fluorescent nanoparticle, which
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.

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

surface component comprising a ligated-fluorescent nanoparticle for detecting
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20  (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.
25 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 SA-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 identify, detect, target (i.c.
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,
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i R B P s 25880 4 oo
a gHauakesdedcafRl ketthémpedtRraged aimdlas a fRiopgbent marker in, for

nucl eoti de pol ynor phorism (SNPs) experinments, such as
WFREEP e, SRR Bistpotide PalySOApEET SN Sh e aalss Sl oS where

2| : YA | : d
o obRs SO G At th WA mAlEl bl B @ i Aabe
nadedguadd ascd @dored gidveof the emtrk@nyheal iln@imred with a laser.
conbination with a |ligan an be used. far ?tsive

d, 25
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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
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,

enzgmss or nucleic acids, and wused for various types
APt e assays such as i munoassays, nucl GI/ELA083/037793

(DNA or RNA) assays, affinity purification, cell

separation, and other medical, diagnostic,
enV| ronnent a and i ndustri al i cations. The
é&@%@@&@FfM@B@S@@N&mﬁﬁm

r e@%ﬂﬁd’ﬁﬁlwheéd' & ? H%H%Qn Eed. | @?9@)’ A W?ﬁg{ogﬂ&e is, for

corrb| nat1ons thereo ety o sul
C hextagpdd, Iamuoememt\aeomitimme&mmmdu@somp@mldrmmlm as see
| e MOLECULA [ 06338

for exa ES 7 2004
pcwrmggémsaf?@% a 1igp) EE ORHESERNGe m&ﬁe@ %ND

RESEAREE e, SHEM B, beﬁicﬁ(a%ie a ﬂﬁiazg’le df'%‘éﬂicﬁﬂﬂzol@da 4-amino-7-
(1996). A’typical fluorophore is, exanpl e,

f | nibobezehroxail Grdinzale @iBbﬁtaexyammo;mcarboqyame;mcbrbmyryl a
i s a. th ht hal

ol bt e e e2uPiE Apdiy Pk pitidig, o

OXPZRd 10k cHRNZMX BEALEing ﬁy&x’&kg&ﬂhﬁm‘ﬂ% ahe Q&ﬂ{d&b%%ﬁs arfdl

4-am no- 7- nitrobenz- 2-6xa- 1 di azol e
cyﬁwrn@tedaie@aabm;ﬂamem ang hdstapbmsm}nqﬁl seeefor @@mpﬂqﬂ $ Pat.

S Soh SIS BTN R SRRt b e

ydgqu@tmamlglg qod am nocounarins and fluorinated
der’i vatlves t her e eof ), and |ike conmpounds, see for

ex anpl el ®-repgtive qr@mm‘ﬁaneslss@ dordonming, thry Auggspent core has

. 81k %%21 AR S b S T R

us&Ho:yg lmédmmyi GQZ-Tni”ﬁlcfxlyLBﬂﬁ@@;Rman ®ehendasalehherggrioendibal
formula R(a_" )SiXf, where X can be a hydrol yzabl e

grfupPraddh 18§arb@m@83ws whish e gptiosilly copame pyfiaetiaal orgmic
CoftabE s RIRUAL R0t BAABh S AR So A bE Mt K2

atons whic an’o
f unttegeooifrorarOgard. CI‘heg:bemqn:tsra @k‘gemsmmnema@:t fan ferpeiny the

|yl , nethacr or amno; and n i
o idariicion S Rreeriy o h B 1o Cﬁgﬁf&?éﬁ? e diirping
f Ochg‘sﬂ‘ﬁa‘éﬁ@l hafsldl&fuﬁ%af‘tﬂ%q{s@ oPﬁﬁ'fcﬁBﬁQl ""S’Ql%1 Aayal-

. A organosilane used for formng fe siTica
s rmkd)xysé&ms feqcnmtplmg) antl mthidicatsmn QﬂCOf-IIﬂ:EI@IVedhad:tlmlahgwups or

Rt oS AR Bl it B oG see ik
hygfexet; Eﬁﬁg@tdpeai@Iof%é&%@@ecmlewgydvag 2@' HIAFSUN f\fﬁ?e%‘fsN Y,
is also known, see Kirlc- Encycl opedla of

dﬁé}ﬂi@mh bl dtﬂmlddgye litated by cheOBy, dheE@mplultg aifbdsenp,a eVt of
1 %?é’i% S18 g? h§: cogé/mgantre%gc?ﬂ%ts t%§1 ano gro)(lps anGCP 494 retslrﬂ?of

condensatlon with 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
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 émploy 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
WOh%ﬁd*/Qﬁ)@M groups of the surface, see E. Pl ueder@duui§2003/037793

Silane Coupling Agents, Plenum Press, N Y. 1982.

Thus, the above nentloned or gano- S|Iane conmpounds and

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

mediient fxeo b chqaalwhmizied wtith amottief ynonhmes sichas @ redctivhe

ulting silica,sh coated fluyorescent cor .
neBpapTabapotR AR g Pt LR Gk oS ferfue with
f |t‘H@ 65nRbkatRh. NANIRERJI &lcB%s n&b‘chah@l @@@FEMaﬁﬁﬁseﬁll and can
propérties of |igand before or after attachnent

f | boereyslopett mnmmzpsss far ckemplEh&owrapanotvg e tpreboutien dimes éhe

desirable to enpl oy an al cohol or
> ot%B?UIﬁﬁé%ﬁ O§$%‘t9 e]] D%rs. Wen the ngano 8 WO
2004/ 06@13@1?&1118%1%@3 CABsRBNARP incdiPorite khéwh ndp@et or

co-pol ynmerized wi th another nononer such as a reactive
f | mogrsticalist respmmsigmaaterials tsuph b9, sencrpapmpgneiiel @%m@gnehc

e%ﬁ%%&set%Ot etapoﬁcﬁx{ %ﬁg %Bﬂla{l&% tﬁgﬂeXfe rization.

th
aI as ‘ne 'y useful and

can beTenph@yeent xfhn@p&ﬂﬂlteg of fh@rpl @%ﬁﬁmmltlofnrdampaise Wiore
twice to about ten tinmes the 5 amount of th
10 or gramipissng nHeoresaqat ﬁ@ﬁ@ﬁ%ﬂ?@@}%éﬂ%aﬁﬂ%ﬁwm {bg core. The

in L gp{h%tn?m \Mie %9&) e, OTRRILG l'ect‘ﬁla Iré/acﬁgﬁ %btvcﬁ” a
materrals,

super pat amagnetic, paranmagnet
f efeaciiv@ghei: ésCer[tEbﬁipomxd slel arpcudrenotits mghnoeslkanb Ittem@oﬁnd and
The f] uorescent nanopartl cl es of .t he Er es l nventl on

cothgehalbean qogpngise.figr exmNe.<haEragtion profredo ﬁtSl P fgeing
CO{%E;&M d. 800 sfics bfArhﬁ npr#(glgﬁrbfah?%dﬁ% or J;bﬁnhpw%e opf

t-he anopartlc e can c , exanpl e
15 r emotd laperpodsilicd, sodh & ﬁmnddbiabmﬁZOd@y@scaedtdep@mmngWn the

an n co-re ive orga e ound

o uiRe e nmideart St el Bt HPRRER edntn b E et
Of th‘i"cl&bés'tS thd QM kne&IMRBMALer, HRa Shdll &RFLOEHI R of the
conmpound can produce, for exampl e, one or 15 nore

| aWIS,SJONSlfSII anil catryisg @hpam;tyforf tm silicashgbound 1@ doayéﬁrgtlons

and dep nthe s characteristics, desi

bon oo T by o Rellre BT Fos p i B M tue 10
20 t hioClBES R0 frddie o £ME BuifiicfesShOod aAel@hnd Shkh Ggated on

shel | surface coverage of the core, porosity and

catheypinfececdisae flegregsent mﬁ@onmtlpl@a:aa l§ayqr; fog gyampleetrom about
COn3 Itg SBOL& 1?5‘ ielogﬁeofstﬁé é %ﬁcé Ql of ?}Pea(%rg g’B&?t}ﬁa eSS

can cover, Fom a out 1 0 a out 100

pediagiter @ftlfefwrésﬂdrtﬁ@ﬁ@d@é@a)mﬁe tiliea siellecan Beén birgénst, for
when Ilgated on the surface of the fluorescent

nafvele, ke Ao 1eloiperbout 51 0@ x Bhgtliameter ghibgrbiprescent

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 stlica
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 dianeter of the core to the
WQ WoER638%s of the silica shell can be in a ratB@/6§2003/037793
for exanple, fromabout 1:1 to about 1:100. The
di ameter of the fluorescent 25 nanoparticle can be,
for exanple, fromabout 1 to about 1,000 nangneters.

Th éuCh(ﬂSéIYP@Pé]Fe panogatticles pEscrelactigras scafitern dhfoplis shellds made
Ao SPIRBRRR 0, S 1 O IR0 BBl
exheplne, the size and the anmount of the |igand

sel ecte I n enhodi nent.s th di aneter of . the. core can
be, for T RTFBRELVE Frstods GuR TUpBesC Bt appRRariges of the preseit

sn gﬁr@?ﬁcﬁ{ Sm A0 11%90 1& ﬁgle)’(aﬂ‘n Ry RARME a@érd‘éf’o?ﬁg%ﬁitude
nanonet er s, the thi ckne s of the silica [ ]
canmb]dacr if snzeé)eart’pcb@ refartxhbybantBl2Gletan aldodd, muir, 8, 2921~

TO0TEL ) Rt U b A0 b o e S0P
PCRIS2 Q0B QAL % it SEd) aPhuliap, i daa BeRAAd:is6liEsharie

selected as a carriers, "the silica shel |smae
por@@tsvelmtaepm @an@scmprcem,a&mph es a%nnhmr@we Ukhiecsilagpentiel] of

trated erein ar atd ve.. net hods. f or
10 21 iR AR R oleror O BEEREE S he SR AL SehS
Cafuicsdciit RARPRAICIdsChebe ad HtedidaFIM RN 0T phlAicedtical carrier
order of ma%nl tude smaller in size than those
r ep@rqpéﬁw&ﬁ/ lved i BPeR@coaIm AR axemply, Sirginsutie ageats, sognas
29 S e (o) C
oo ek PRBRkBTRR MARREL AR 5 7 PRE P ub RS s e
W ﬂho&bddnCﬁénopIﬂﬁléSldf Itlihﬁprsimt Inve@ionb@n@irdHéE a phhrnthceutical

that is relatively non-porous, or_nesg-porous, such
15 as caERt systsibiRichma beipfaried Snepntrgdted dslivery o relerseoéent

s preferably dielectric. The silica

she ebﬁgh%%téfl uor escent nanoparticles can be adapted

to funcin aﬂbahmnnhahgmmqﬂucedain thasurtaer of tenhpacdcew e,
[ for exanpl e, peuti c

that is ont t her
ag éﬁt%’m 1’%1‘% al gﬁv&mﬁ%eﬂéma%? Eﬁ%&é%‘ﬂ?ﬂt Qe
dej géﬁﬁf %o debordf IYs‘i’xe&’ rfoi Eka\ﬁ;xﬂlé,%g alASmerdtREith a covalent bond or
fludrescent nanoparticles of thé present Invention can

20 pr by iptigsical phsmpaae uThedgand b dlar surkce siygic dhmovdscatt neagparticle
be a ted for controll ed del |v r rel ease of
¢ hEHLb (0% ST BN By b AT HRSHEPO AN Et: A AH S5 e ePtiiedy:
t hg vRug Blaﬁ@a QbmpBRedt! HRLE6E 'élthapt'éﬁ né?Péifzf/in‘é' £hd B, &
| i gated-fl uorescent nanoparticle. The acenent of the
| i gmmcmnn@ua@ @omﬂhqgheajmmmrg@mamr@ coppoaentdetioehe

Wi n
{oxn? Y acee mtodg'oer, sulll 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,
woeobd/eped7ymer, a synthetic polyner, an anti gerRCTarS2003/037793

anti body, a virus or viral conponent, a receptor, a

hapten, an enzyme, a hornone, a chem cal conpound, a

pat hogen, a m croorgani smor a conponent thereof, a

t ozmamyteea hsung ac eounwi for eus$ocm@h ligated-fhigrdsaentt amﬂnOP@’uCle (ie.

el AiprdpnC T BR TSR Shmplind o3 35 ! B9h bhentc

n a&%ﬁé&&ﬂcelsenpeslsﬁ ckahps, ihar@whéh mansd §1oaﬂagmtm RIS
thereof. Preferred |i gands are for exanple

ant | bodAes anagl,mtgh Oé@flem@%@@ﬂ 1@ﬁ@1t10§r15 ﬁ)@lqu% amihe tarmet of the

| i ﬂﬂﬂﬁg vhil b8 Vf@xséi@ﬂipldﬂ ampﬂfotgaﬁ}ﬂsﬁs obz)lcorﬁpcﬁnenﬁﬂle&)@ﬁl’ﬁmlﬁls or
coupl 1 ng (e. . covalently) or_any_ other_ known

Mev Y GeEPOBFNL s eeBlcqTet GOR OB thfr'r@%\ﬁ éé’lcfﬂoébé’f*@sééﬂtthem

A gh
"SRR AL SN o P AL Gy ik
Thenttt®ayl 4 tedgptseh daptew, ein)&*nizﬁthe,l aelﬁbmib@e VA 120fidd] @61’3)@81&1(1, a
PCT/ US2003/ 037793 anal ytes having a coupl ed
10 asgﬁh@eqneatqmng&to@anfaﬁlee% thereghand él%s 5%1?56413@?% f(\}lalaétes of
D
e e e
exanrcph&;awomm aemsr eaicaBuitr arelt tholdi-ced luthr @aggeosini, e. &j fingiAn

“apal yte" of t prese i nvention is the object, or
¢ DBoR GBI b LG T AR G GPEERHLS HARShaPERS! e
f Oﬁn%e@‘? Wul8 mt%%%?&ﬂe%‘ch%@eﬂsh eNIEMbdibhal ThBoly@BAdIYL €

can exanpl e, a microorgani smor a component
15 t hentéotliesar vihenselentive Vigaads wﬂnmip oreqrart ofghe hgate(biﬂuarescent

onent .t here op Y- nt.het i oly
SRRt o LE R E o RrTdRbNchb TR X
ant | genyy aRbodchBdYhe FedeAERRERon BelRaRé Bfovida rnethods of
enzyme, a hormone, a chem cal conpound, a 10 pathogen,
a makmg a f&@mcm@ttnanngartlﬁ@,rf@bfsxan@pi@ qonKwisEIghst ances.
Anal yt icul.ar _inte
and ceI Tgxmig ﬁgﬁlﬁaﬁsﬁ%m CO}PB%%%J %%Crho é}reg%tg%%gog%%&me’ and
20 e ukbyeahbil&e) dosnpound,cath bd @éo-@@dtﬁ/’mbﬁgﬁn@eﬂm d@mpound, to
gonlsm e.g., fpungl bacterial, mammalian, etc.,
Iy & H@fﬁﬁ@nb@l@o%ﬁéonents t her eof O her anal ytes

of part I
ool val oniinind HEALES bol PR 0P RIRin RIS Nuchls a
wWhigtRalkogyglang, 1o forbhesilitgetetichrfthe osesabvide the fluorescent

nanopart| cle can be linked to the surface of, for
ex 8P rticle.pat hogen. 1 n enbodi nents of the present

25 Inventi qfl. LNGE R 3F ﬁlaﬁ{r%\ﬂlg ﬁ&ho%ﬁﬁﬁ?ég%f 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

WOr20eq63383 f | uorescent dye, and 20 an or gano- AATAFR003/037793
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conpound, such as a co-reactive organo-sil ane

conpound, to forma fluorescent core; and mxing the
resulting core with a silica form ng conpound, such as
a nanepartielek cotyalid Amider canfroepombyiing e refwdling wmopiticle

car. 0 _provide the fluorescent noparticle. 25 The
et R Rl et R LR Eera BORRBRLS e BungppriiE
| NY&HAbinE BeRandpafticle widPIPEiRioreaRBhple dgBet can be
resul ting fluorescent nangparticle with a I'igand such
asac_aornpbgﬁd pirefor exarsplatapeting thsdigznder tharppawii¢ agent onip the
f}‘%ki%?éjé!f thé 115910%5&90'1& a%it&%hti@el;‘/ bf M}‘:d’itio%aﬁﬁcceo‘?ﬁb%iné%

apt’en, an enzyne, a ‘hornone,” a chem caf’ compotind, a
patahogticleavitioxii gandar autdrapauticngderdtican be hevongXBhgd &y, f610
alter the 30 surface or conpatibility properties of
t SRl FRPIPINE t8e lggnriherpmsicaseridaio, thapiace ok de
el GhhaHiSte, HAGiviESHbdsg a&ﬁgﬁhﬂa%ﬁ' kPR 6111.31, gor example,
fl'uorescent nanoparticle and a I gand provides a
| ivgladre d pbtane mesapentclesurdgpang indlibed Whie aighihdydsthefipeutic
maki ng t{;ne é\JI WD 2004/ 03&?87 CT/ US2003/ 037793, :
ndSPart PUf e CHRINPY ST AUTHIARY LG GHBPTER TOHIPATIY Vike
r i ; :
o i OD 3 REARRGE b S, B B DR R K XABPI ot he
Cdidaind ionthetdpeunaagspata the sedaosiaf thearebilgjagdampagicle. Bonding

t her.apeuti c agent. can be _—acconpl.ished by, far ..
exXABNE; FEGHRTRG: KFEH PO dPUHEE: RAGhabie ont o
t h@ oRligddndsdhetive ! dNIIARRPA itdr édfeandAlketSoRatg U8 ot Bve
additional [y, conmbining a nanoparticle with a |igand
ormetheder apeut i ¢ agent can be acconplished by, for

The Surberel RahitT s BT b Bl O R b ©

asfbdtht Aivent@n 4nd theik @ppafer®kolubility 6f higk AMPERibilitviRsEeries,
porous nanoparticle surface is inbibed wth a |igand,
a

d
the sangpatiicies cap peryed melecHat labelx] which o1 vaarily ggsociate

addit i Chdl _ onart | . Li
o ekt ST 8,8, SRR A, My 880
exhaphfer Heaastiygranlportdd tgand sdectivebyr sifretidd © aigayet adabyte.
the surface of the resulti nanoparticle. Bondin

i ISR HVY gfachgp et leg Rl EGUAIRLACtec g 5?@10%19, or

hy _ L ) o ) B _
e R e e
mehkodediments of the present invention can be selected based on the number of

nanoparticles to be attached to the analyte and the sensitivity of the optical or
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

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

WOR0pH9SBR7 sol ubility or high dispersibility prapevsesi37793
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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°cemBPeRd tler the ek gdeiey lisvtaddlyoreseant t manpperticles bound to a
se Y ed .ar.get yte.,.  The

cer SapoeEl e RSO ThE il BT BB Khoes floperetor o, for
deteatplo traclitiegioibion of ofic odinbfee@ntscadii 1061, SEheRBSeceptor to
The si ze of the | itgat ed-fl uorescent nanoparticles for

us¥highp dpglsdisatedtiBiosgscentdiaprrasiécie 15 bpads push asam 1sal-time or
sel,eated. ] ; f |

o I B PARE R AR, oL anERORELIPARIC f Hererably
optdapédd tor sekstisglgcissamsatoprith & cdrgered csdllect@dporent of the cell,

enpodi nents. the present invention provides a nethod
ngHﬁBWPP rpﬁﬁmmﬁﬂwgﬁéﬁ?“ﬁw thedigatflar conponent of a

cel | compEicsmigr chRpREE bAObd, NBr Ryl : i

i gated-fl Sor esc%nt r%anopart%’cl 1e to Q%fr%nl?%&ggl’l an antibody, a
sehati, val gnzgmeppdtosgions, tabiopelyiegatre dati geamo memesdrganism, a

nanoparticle;, and 3Q recordi the mation of a

(T HSP ct @RUSETE S fohng coREe0 e LeFity B8R FuBponealy. In
COEkBSABMRHs! Othd S%BQH@L{&&@E&d'nfallé&&@ﬁge@En be a fluorescent
nanoparticle bound to a conponent of the cell. The

f | popadisk coyugatedhvitin 20 \4Dtpody/ 0B3@8Podiments, the conjugated
PCI. 003/037793 cornrespond t WO or nore

i ueBgl P B B B SRARGR PR ot B bound to &
conponeBtitale trhcangekdr. ddBEIHED Vet @ Hingy mMBihadge !Eb@bﬂnﬁa?ing in
an operator to, for exanple, track the diffusion o
on@nbedipspls ¢f tsrwseahtinyestipy sedhows ia thecuptaod ingude, for
whj Si [y d- nt nopartixcle is .
pora vk ROy BhE) Ui RRERY QRSB & P Satsoe micro-
t eplan paés, aTiherédcgrdeentididitops S emifosrnaRasscbed, & bSght-field

preferably adapted to selectively_ associate with a

t aPYEPeAP e 1gh SPniekipuEHE systert pad dke Aovicesor  exanpl e,

by appr . : ' - ' The.cell r.

o) monealE SERRFLREL! AnaBydle, Heaadpi VPl abpicaty
anddaptedyganzera, saph @s a ddeemigrogopp camempnedighal camera, a silver

bi opol yoer, an antigen, a croorganism a _. 10 virus
ARG ooposii! 2 T ike rlswgf_%r hEiceigpordigtimp jean be any
Coé'ﬂ?ﬁ@ﬁ%tselmdl ﬁbeﬁﬂgﬁﬁé {Jﬁfﬁcﬁ@o Sk BRined %&én*'sofnleél?&'ahlena, for

nanoparti cle can be a fluorescent nanopartic

c ovtjaugde, entenatshiram abnel bodyrosdennd thaiwhiutrdf tlays. t netypical extra-
fg%ﬂ%ga%t seugfacglgéﬂqurg ¥r ﬁl?r%-c%ﬁul%? exlferpl%rslf Qgc%lrgigig Yor 3 ngll% pae%Od can

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
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 neans for detecting, recording, neasuring, or
imaging in 15 enbodi nents of the present invention

woaoe/tnssin in the art and include, for exanpleET/Es2003m87793
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cytonmeter, a |laser scanning cytoneter, a fluorescence

m cro- plate reader, a fluorescence mcroscope, a
confocal m croscope, a bright-field mcroscope, a

hi gh! bordadily esidanniormpefairdimpryaskdll in Ke attin embodifiests of the

recording can he acconpli,shed, for exanple,, wiith a , .

i PO G EAPR T 365 RHRE o Bt BeV A LR Heh acerbethe” since
Vi f@ QxABIOREIARY CRHIREGapldc Qb@r&iﬁg JF N Rmifatéd k¥&Rimen can
hal i de single exposure canmera, and |ike devices.” The

r eder dinmgtangorslyc affodedeienfioncanilerieisant ket suskfagla edlher cell

i od bl.e .ever h f.
R A TR T R e SR
30 daysm émbddipleaR! thevet isdprodigkd Wl giarmsssutisgleceabl edrdprising

or intra-cellular events, recording for a tine period

c alfre ABosescetoranerabipleeo! theopresgsd dtventisn.c et opBormblyua ligand
60, i . rom about 1 second to
ab%s'%&%%g%ﬂtr}}lﬁ?éég?&{g%%ﬁg?%ﬁ%%%lf:% preferably, from about

I m nukeembodibeuts BRrarigndlsesprovided rephdrtiadgnticalmomposition
period, can often be conveniently shortened or )
| eFRpEpEHRER Heatakdnpreacesy Napaichy 2nAé thermpatic agent associated

£ 4SRNt REo %g@[e_e or system The contacting

t

and the recording c e 30 acconplished in vitro

usi ng chnembbddiareats thees as qopvided hat ogrehagtc bomhppistsg the
The coptacting and the recordi ng can al so be )

ac %ﬂﬁdjﬁgﬂsapeﬁhnwpa%% rfél SKYRPlce XAty e lprpditdhetisated-
adapdegoi ddoBaribBiOSE AR Gir680EF Be YhnddaRfdle OPhL ﬁnagin% agent
canera. It 13 WD 2004/063387 PCT/ US2003/037793 wi |

becanebeliusyd aui cheventianabrimagigopaicesseyy aki prefemblyhsvharey for

in_enbodi nent.s pof the resent.invention that . .

* PRGBS iy g ST oD 68 ROl PRE, 1 desiied T
f odmeodmmBhe, MBKigatda R RBh£iERS oF deste®int #Vention can
illum nated specinmen can also sinultaneously afford

depre¥ide snhafced [fuorasexné hrighiwmess whighhs,dor exareple, Bomabbht 2 to

5 go nt selectivel corated with

" S0 Fsse gedeh o eale OS¢ PhEleBtonts sUrsfrsasroris nesepeent
| Spaficlvd, desh & Mivassraaautek gakictrr ri er conprising the
fluorescent nanoparticle of the present invention, and
opt i onaln gmBodimgatsdtheresisopiozided sinegthadh éorf fregingse efigease or
n%ﬂ@ﬁ%@}éo -gdgn enbodi nents there is also provided a
phar maceu ieal conposition 10 conprising a

| i gat edadrhiuBteemganta parRapar hded o, traanded dnhdfapestindunt of a
2 ?gn;ted?tsl’ﬁgrgéc%he dnan\émiaértt}clteh ew}];lc}lfl oxgexensc’)g)ggitolen ao%%%?lgltlyif Cilngl'udes a
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
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
woe0ediip3887 where the |igand of the |igated- fl PaOTAS20B037793

nanoparticle is on the surface of the nanoparticle.

The i magi ng agent 15 can be used in conventiona

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

a ﬂtuogdsscéﬂxtumdeﬁmenﬂuqresebxﬁ reatf ﬂuampas:mé mroﬁm’ul@hden;as@ i Idigher

e R UTeR T Rre P o e oo SRIERR LTSRS EY o giffouts,
e nﬂ@f“@f‘ﬁl%lg AU ‘éﬁ%m? r H%ht EPRSE fWbtesdnt Sropb@ies ﬁiﬁ?%' ®Rsired

fromabout 2 to about 1 i mes greater conpared t

cowhen ﬂnghriwlatlsgn isfreededdioc B sxanplel plonede Bparatiqroot a therapeutlc

part icle Qrescent e K
st Woiwt etprr e pURBT B o e o Rigrifgpig-hoa

dltﬁ@@ ? O enfhoBRRERS itGAMPHE Fediible@dMisdi Singxtinegoft @voaor more

patient in need of treatnment an effective anount of a

I |1m@dﬂlﬂ¢rg$ﬂ€éfs cesnoppdislsparierisige diffeent nHxesasant cpad non-
Lonal |y t
DR RRRY ploBEIHET Sp1diP (' BeRRRY drCnBdffbront M les, for

W dxanipld] isialsmeplidyl e baygetdalyosedtt asof thb@ewelidn atdireatment
forma selectively decorated cell with the
10 | j ¢fz @ECHPUDELEent nanoparticle; and illuninating the

decor at ﬁllé ggﬂg(? ﬂhb&@égﬁg élélll(#)g{ gcggse@ft the y%ﬁ%ﬂﬁhﬁwn can

by itse or a
I | banwedad ardatcxahgﬁtL uphe@scensitieatlisamses or disotdars. 'II]:lght, thetepy is
selectign of, the reactive fluorescent co ound

pr]élﬁ%ffq fy ackation, o Bsdisrmenis i i Sicmare § mpﬂ%snes within 2
selfak i eWyOf Ahﬁﬁﬂub%{‘ LmifRinbe HP hENRES: %ﬁa!fdry example,

dependi ng "upon e bal ance of 2004/
15 PGQHoUSRMOBUY O BIE7HY (PD"JI)mvlash ent tarndsterpotneatmjentopr@g@@ rwhich has

t di i pat i t d
1 tioheluineS Beodiiet e dF ey oin 6 v B ity &% Gavesst: P s
' Spé?ﬁﬁﬁig@uw REt Shstdnhieatls or tbpicaleyx ARliSisieAnglid lph@tosensmzm
systenms. Hi'gher non-fl uorescent properties my

degrinradnd vivelilee h@rghonhvéla,t pirly sibsegesatls dllpainatiog aeizfaafme@t site

b
ReRBREnL i ESRRge e ATBRTHS o f SPGBl D lyebfband of he

20 M gHAASRALiCerNERle HNEr BRYEY |a6t1ﬁf@dhﬁ%oﬁosbﬁsw‘rfey beémpound,
desirable to use a m xture of two or

| i @eawe it taodestreurihe rlisraput thgiceseh é%ngzgawlﬁf ErnPatent No.
fl & g f nt It nge{tﬁlﬁ/ \];1%;1 [Qr&s ?ﬁ@ LRE@RE rt‘hb ea?t it &X [?Ilquetscent
en 8 or

t he i t's "of eren roperties
exmartial, sachind tlenkgusl-fluakscat nmdplaﬂicllqs, ofstie praxsnti imvention,
t he detection and_ treatnent

can be used m place of a photosensitizer 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

W 2084063387 | ght - or heat- sensitive di seases orPCT/US2003/037793
di sorders. Light therapy is known for activation of
medi canents at one or nore treatnent sites wthin a
living body. A particular enmbodiment of |ight therapy,
f othe extaomsk én ppssessiprphibthe dyerantrinEentivaapild cedily raFaeaHe "how

t otot?ga]}éﬁfsete?, %1% %ﬁ ang@*odﬁ gc%gélpw degk\l/tgf;i‘& e]g)ggﬁﬂeat ﬂlléfh‘?)y.

cancer STh&hibsdn$ invRefi610416® Qrob}deﬁ lamsdthad/sf teemtmaxhtl oprptising:
topically adm nisteri n&)s ﬁhot osensitizer f)und or
¢

| i ke com@mg a oefdl &G ged-luprasemnt nlafmoa@ma optionally
5 co ﬁs?vtmgnt %1% %utlémagglt ésg{i'élate@ ﬁtﬁ@ﬂ@%ﬁﬂgpﬁﬁgbct‘b form a cell

0 an Sor I'on waveban

phesl@sieslsi debarated whkiethke |hgh1teddhmreg;yerﬂ obhomriede;tdnd
phot osensi ti zer, conpoun pg it.to destroy the
di seasebradiaggdhe wgulting e‘é&a’at P?—:l 05 24MPat ent  No.

6, 454, 7?&3 ar#qf)uﬁtsanﬁqag Hﬁlﬁ’u@?{ b?’ﬁl@tcoh&cﬁ’x@ ass{ﬁrleil |a§ thel dnduHe and

art tha uorescent material, such
| i ghat &xﬂraﬁbmmfesmdrﬁtmgampdepandl es, Ofr bh@n]pile,eﬁ@mtdlagnostlc or

i nyention, ..can be.ysed jn t osensi 'z r
10 ot 95 o et i s d BIRIPRRER el fpn ofa
s@d stafe ShEddakidteshd @divety §§é&?§ffec$cf%ﬁeﬂa’p§ttmpa'ﬂg%ﬁtmol both.
hb 480, 746, and for localized treatnent of

culhneoesnt awr the dusaonsofcthe cetesingornd {rpdiatinggmp)also depend

vol and o i.ngdu macr

B Gt plarie dierbie PR b B RS Afbparicle o the
r et @ dnaBRPhe atd ans J1erd céiherapuuaan, hrhascenpld aheditro
within a body or across the skin 30 by neans of, for

15 exaimpleecelisy pericabilisad oplls, Homeiganized sells sensitized cells, and like
ul t r1 VI60| % radi ation, infrared radi ati on, m crowave
r abdfabliBH " ¥t%. one of ordinary skill in 15 WO

2004/ 06588 T’lgﬁ@éﬂﬂﬂ%@éﬂt QaopAicldshe th presdit énviention also have
possession of the present invention would readily
r eépRitiatien hb@wgrt%tl%\laléw 3558k o5 HREVARRFSHE: Hd@IR v

ac ?18%%1% %gea lt% gﬂ% A8 %%r&%ss@.ﬁ%g d%%@rﬁ?)éxarg €, PLBRemt

i nve Fovides a net treatnme
20 copguiinss ngt theapies auth agdagaieliveryito bpeaifically target and shrink

| i gat ed-fl uorescent nangparticle, ti o avin
a fHBerEEIR IMEntiigent ssRuYe bt eeath et i 35@}%58% ’
t o for ‘?ﬂelnuoﬁﬁfo%e% ‘A%Nfopﬁééqwt‘ﬁ@@et&ﬂoﬁ JfR analyte the kit

| i gated-fl uorescent nanoparticle; dirradiatingt
r esuinpiisigg déigetedtbiresett nfampaatldlc ras 111ﬂ'dm@t€a1dt§mln and
the duration of the contacti.n ag. e %_the amount
and he mvention also provi ts'a Kigko? etectmg and momnitoring a ce
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
WQi00¢/i@387 eat ment met hod, such as fl uorescent REVEEADING7793

of a diseased state or condition, the delivery of an

effect therapeutic agent, or both. The anount and the

duration of the contacting and irradiating can al so

depend contacting aeselhptith atlhgntedefladrescentc omogmatticht,i wherein the

| i gat ed-f|,uorescent nanoparticle tq the ar get
andry PR dmlcﬁi@esst 4t tgler&ge‘ftﬁe a8ty %f’ opmtdr itéet ﬁﬁ’?{e,d_'%??cfﬁscem
as paflopirti€le &F a béllwdridotpbaehalde cells, pernreabilized
cel I's, honogeni zed cells, sensitized cells, and |ike
cell pr é%vgmgdhg Thrprscent gagnel -suply @8 diwreione or more fluorescent
na L - e _prL: . 1nvention .al have o
oo o G KT BFE ol Y R Ul B B G0t a tansetea
I meehelassaysonentd | mproved imagi ng agents, in
purification processes, in _drugs, for exanple,
t r eat menkne2Bol@ypIEgVeERRRt R Hiedfiosescenrf e, B8t israggnalyte bound
deliver , A ;
o P doigt S BEStcl Sodint B AEhor B EEn KL BE an WER DR ehretatea
appd ilsahotiosor rideenay efithiediound andlvessuah ks b cElbulats@nriohent.
the detegtion of an alyte, the kit conprising a .
10} gat od eusrasReied g, apfsrtinecingtion er p|ohgage: i {8g location of a
hereim. . ; i . ; _ ‘ '
et e O A B 0r BEICSp Bt maBing or ploting the
c omgrordddnposatidrisgelt kghtéd-tlooeswannampacdjrde. t iThleeaskayr method can
detectin t.he cell. surface_conponent, and optionally
a ML GamHS: dEHBIOBIS tﬁ_a HfEenes et ke RO tion pp grment of
ThenaREBelloneted it sreldest %@Fﬁ%i&q& GorBfentd Snkiisence of
conponent (s) an instructions for use of the kit. 30
15 Théhg thorenpeutsragans donaxewiptie & atanden ay comttdledpérbnental design.

det ect i tion.qr a . change,in.the | ocation of a .
col 1 ul an e RRORRAs RarcARoHEp e el AERr SReSaufippartites
whend bfsghodielolf uksof the %&@@nﬂ/ﬁl{@hti@nto‘a& baRGH 4C f@A%AMple, labeled
conprising: 16 WD 2004/ 063387 PCT/ US2003/ 0§7_793

CORBAY IPaEgNE & EPaSoll PIedHCtp impde dleprefiemy @5 @esatying the presence of

R T —

20 naffbpasdatioh ef the c2lleehdpuhait capbpdaesttd asddettesiabdi fo8example,
t he f,(gsjor escent. signal, such as fromone or nore _
f1 WRHSs erfactabplically aclivg gdolsr feli ig ehwhela gellyéysate, in a

gg Flngbanliz@d EQ% 9% f:3a’cBe drofftd PRy fuldiflP&iEdmponent in a

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
nanoparticle 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
WwOoranaesd7 cl e, is representative of and can beCT/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
| odestiibed lndreia, aloed, liuh pharwowpgivehtongasitions buthegonftonation with

exa t 1 onal ing .o lotting the recorded
o SRS P B i o P el Lot 1 o1 e e
assay Meh oM efiddh algélﬁttolﬂ'ﬁfes SRRk &?m@@a% ﬂl‘i’e%ﬂ%@tﬁé’ﬁ@ss ofa
di fference between the notion or npvenent of

antieyapeutiegedt by Yaltieg {4 thorpadsmgendn @pfhxomsemt nanopaﬁ@cle
5 b KR MR, PRRAIR S md BB LR ERFioh i Bhapguly o
ThBe NP assotiatebeBiRId Aksts 16 Hefeadstht Migerapeutic efficiency of
%at ed-fluorescent nanoparticles, and nethods of use
of therfkerppaasie agentn fonfugshon aha Beorgsseat remopugicleayidhvp ligand to
| a ed S
t hg(%nf rlcl)I}ln%%’f g%/ héa?gcgﬁﬂ&%s%ﬁt ﬁé%%g%&lqu g%lf&taﬁlg@?&nphshed in

CONpONgitre, fﬁﬂéxemiﬂérﬂig@nd afo Mz Yk comliti@seph Ok cadidly
i ke cell conponents. 20 The | ocation of the cell

10 conpruindlat teRivdpes Herodueteaf haghoprady andiugbqualiyy Siwdlayee,
ooy RalE: B i cbe Rl b Ok AL Sihbrophllich 40
c epieferaislyweddmyslished i7 @by purified cell conponent in a
cell-fr e}ej%enw ronnent.. The lig gt ed-f | uor escent

nanopar P& [RECSEBhRicHE0R Provdeso Hpaesngn} ngapRprisles and ligated-
l | 885QEoenf E‘lﬁﬂoﬁtuﬁ@ ALY, mBbED f&aﬁﬁeﬂaﬁﬁé G Efor example,

targets or associates ' wth a specific cel
15 conmmum&ﬂab@hng,ntsebeslﬁularThecngnQMEqbacfdedr«mee,scdeagnos‘ucs or cell

nanopart i al so.contains a fl.uorescent

 SoRRE oS ORBOtERE B Bieeent alisian provific gruiogss pbich
fl gpsesRe Morke TN BRE St RS A BRAY 48 LM AN IRSQACE

of the target cell conponent when the nanoparticle and

t he tar d&e peesent suaplitrenrovides digatpdddiogessantapenoparticles which

"PREOREG' Etosbiblen ThAZEE et dbr BEMANFain oY msthads for

20 bych@@twrﬁn&tm@dheﬁﬁc@fanaws@f duet tab e ABlebtdn 6f bidlddisut @dalytes
fluorescent nanoparticles. The nethods mag i nvol ve
P

adiichiding Biqrewrgiany phibdod e cemperinthah élgaﬁeéﬁ@l@rescent

SRR T N -

cobddangd oftheinvhigh tagieheslediivelyagrautfihity, age becueé of their enhanced
pharmaceuti cal conpositions. The invention_al so
pr buiglfaess remmates tp dnpWarBRseCeH @agiolesc thpehurescent material is

25 1 h?{ SRR ULl AR e %nbﬂai}fﬁgl@g:oﬁ@ Gnd BB AREMY & 26k Qoating

uor esceft nanopart
material as in many conventlonal 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 pharnmaceuti cal

conpositions thereof may al so be used to associate
WOtev@pait i ¢ agents to increase the therapeut iPCT/US2003/037793

efficiency of the therapeutic agent. Conjugation of a

fl uorescent nanoparticle with a ligand to forma

| i nked- or ligated-fluorescent nanoparticle is

pr ef er abhsrapaitio ﬁg@ﬂtsﬁ@tjcaﬂbe IWpr@laWdeWIéh thed‘ruoe%aﬁl;il e,

c o@a?lng?l%g%lsj ogtchge} @ofﬂlorésc Sﬁ@%m%qu gu }r}veén%% chlude
hi gitc1epddeb, ticleSbiat hadlb ohg@@pﬁ&ésngolgzb@ﬂdwmdx 2 inhibitors,

fluorescent nanoparticle wth a tﬁera eutic agent is
pr EIOpEasif W‘)@@Wn%lﬁé’éﬁct PRORES; V@Emﬂ}fh‘éerﬁﬁ gggedilators
5! I %&?5%%@19#5@\% a%%ﬁts( OheGRRh’ sncﬁ‘&?igeg,réﬂe t§ g%egl%j op%thalmic

uor estcent anopartl cle

f oxgenteogteateosinagehnl paxanmpeatholylibs, |pm=wmnﬂaﬂhﬁh¢m;g, anti-
sub-cel | ul ar recognltlon procedures, diagnostics, or
cefesibighics; pepstaghe %{Hﬁdﬁ%ﬂ%@raﬁw@cag@%ﬁ@mma%vnag@ﬁs

pr &\db@@esmﬁfﬁ@ SRinH gﬁhco&%’ ﬁre&%%e%ggﬁtﬁ CORL HEQ{%F%{S anti-

known ne ogi es and as illustrat erein
prﬁmgaits dnhiviezoplasticsp cadiogagedtivg apeds, fdardisvescdat agents, anti-

rticles ich are highly dispersible, .and are
10| SlgbOtess B AR S SHe PTG SR PRSIFSP T pjtors,
C h@dﬂtr%@égot@@éj d@b%ﬁﬂﬁ%%?{ogﬁgé‘ﬂué’@' ecrectﬁé‘ ﬁysfﬁ%tlohrh%ents fertility

detection of bfologic l'ytes i1 ncluding
m @geotsog@amrgmn@lragsmﬂs; gl hgérs, homnprmsemnnuno'ﬁmiulators

SRR e S8y Do BB FRPBcres Hibause

Of cdﬂ@ﬁlsﬁn‘c@' - didd BiRtagseh aatilNEbilc 8fends hhiit¥etiv@8motion
because of their enhanced bri ght ness conpar ed to

15 k nolnesy agshiss paaele pfémamta, ésmurrcbr@umremmsmmmmgmts a10n~

stgr%lcﬁ;arﬁe 9@@ hr%of 1%/ &igﬁ' ﬁ\geA%S esf) %gﬁgnggclse%? %ﬁ%ﬁ?ﬂ S, or°

osw@mthdmads (sertmiykilags” PeskiinaeRAed) 5kt QS0 , MedRal
subst ance t hat rmﬁ@ge used in the di agnosi s, cure,

m EsgatierCompar mentMowvalsr Howdeisen pegesBed. i n a
_human %X&E@%p&; S eaﬁ' %r%peﬁﬂg Iagérﬁfﬁﬁpg#xfﬂechlﬁﬁ%ﬁgl&iated or

i ncl ude SUBStAaNCes Teco
20 UnzisB@ﬂat&ﬂ am&ash@ﬁaasmnpﬁampamﬁes off &le itosneiopatdifiemoxef;
rmacop(se)l a of the United  States, official Natl onal

gentamiria(sh slusnafonersalaggfone; graggpidin S

3 T t;
ca%%%%&?%?%’r%%%%é% SRt ARG R Aeg ek
orkanhmybingat Bonbdkefploetsmen(s)) ganpaidinG); @uaofsuhf@& solasulfone;
.0gs,

i nventi.on | ncl ude ucl eo |des, nucl eo
Tt R e[ cios W v e e

25  isepamicin; josamycin; kanamycin(s); bacitracin; bambermycm(s), biapenem;

brodimoprim; butirosin; capreomyecin; carbenicillin; carbomycin; carumonam;
cefadroxil; cefamandole; cefatrizine; cefbuperazone; cefclidin; cefdinir;
cefditoren; cefepime; cefetamet; cefixime; cefmenoxime; cefminox; cladribine;
apalcillin; apicycline; apramyecin; 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.,
WOP0k0638n" s di sease), obesity agents, ophthalRGTEUS2003/037793

agents, osteoporosis agents, para-synpatholytics,

par a- synpat honeti cs, anti- anesthetics,

prost agl andi ns, psychot herapeutic agents, respiratory

ageaphslospaadds ¢opbmdittey pirlotainpienisid; nhlartdtrmycbms clinaﬂoxacin;

T A0ER e S0 OMEPSEA A e 1098 ey

CadlidirQURSEMI R, dRSRAYIS, dllil}FHrd)strJaQto"rrt}fcﬁ’fMQhéﬁépto @iie:; al
nervous system sti nmul ‘ant s, chol i nesterase 1 nhi bi tors

c ol qzieeipe; cApssitbuisafvaraxel clpose;asoiiigbing; tepelsedn; e
5 ggilglgnﬁlatﬁl N c%xaﬁnéc' Vi }ﬁgsftmgou 1posggee %eﬁp}l;]alan methotrexate 2-p-

i r@mfmﬁimﬁﬂhﬁeﬁ[aﬁol msﬁlﬁhkwwfnun@g n@nﬁhmmddmabgesa@@
or general or |ocal anesthetics, anti- convul sants,

anbitorpbapel; nbuRldm. strepipqciy dpreubsing garasubicin; plicamycin;
an{dardb 11? Crh t(;{mzcm &)e%st:!lén %ﬁ&&ﬁﬁ'ﬁn@%@é‘fﬁm{%ﬁhﬁbme

axan resives, m-grai’ne agents, non-
st p&[cﬁ;phiaié lam(tnphmmi,l I&ihbr@&]ﬂreystthpttg’Scmt\Mdﬁsbmms dmiﬂongncm'
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and/or dispersing agents. Alternatively, the pharmaceutical compositions of the
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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
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.

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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c ontarn o
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 enabhng the ﬂum escent nanoparticle to efficiently produce a

biological or marking effect. Pathogens of interest can be, for example, viruses
such as Herpesviruses, Poxviruses, Togaviruses, Orthomyxoviruses,
Paramyxoviruses, Rhabdoviruses, Coronaviruses, Arenaviruses, and

30  Retroviruses. Pathogens also include prions and bacteria including but not
limited to Escherichia coli, Pseudomonas aeruginosa, Enterobacter cloacae,

Staphylococcus aureus, Enterococcus faecalis, Klebsiella pneumoniae,
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gl ycer ophosphate. Suitable inorganic salts may al so be

formed, including hydrochloride, sulfate, nitrate,
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portion_directs or %uides_the attached fl uorescent
nanopar Meghads @y defreting multiple subpopulations of analytes are known,

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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target analyte enabling the fluorescent nanoparticle
to efficiently produce a biological or marking
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viruses such as Herpesviruses, Poxviruses,
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ReNooG22 L1886, to Batthogenb, whde adapibdithethp prasest ianehtion.

ba i adncludin ut not. limted to cherichi a

co 148 BB A bR st it o el O s o

St sphiylk 000K 64Y. H PatMs NoF6263,92D 66 Thahdes 8l 41S can be adapted to
Kl ebsi el | a pneurnoni ae, 26 WO 2004/ 063387

PChepsssosingePgs Othe detsetipn sethodhiiralude using ultraviolet and

St . b . ; 0

vy CaIoLe EBEESp ELE R Lpte FROOR AR T RRREE Yrai. Chem,
St ApHIH ¢ RIS AaLABsispiEoIdD Ble o @UAppreadtg@E Maultiplexed Capillary
nop- exhaustive |ist of these organi sns and associ at ed

di Blsipencesis Basaddpdr Phefodiodgmgray, - Methods forgepaysiing cells
NO,; 3 [ Il f .
st £ Ao Bibugh FAS RN L RnE BRBR S B uflapblifigon ofa
i nolaggitivfomeparceisddhvorg aunfigd demeghehc tdbetjihg dbnditias sigh as

S S |.ne r inal.fluid, pleural fluid,

S B N3 96 580 2 3BINRk, Pt B S L hen
gagivehtor, | MERodPloR @é’parﬁﬁlﬁglﬁi}']tic@éﬁ%ﬁﬁd td ¥JHH:?>|t1flérLUie§jnon-

interstitial fluid, 'tissue honogenate, cell extracts,
satewaient bimdingandsggbmeratopssuwhoegiltdl Paet MNat. Ugh79,617, to
tears Q, nucus, .S .Mk, senmen, vaginal

se a&iqnoe% &l cfa.ptﬂﬁe &d?ﬁ*%ﬁc’u‘ihé BFS RV HERBr surface

er upt i ORg: the blupoSésSof tRDSEEMS Bfven@Ettthe nhhdl8c1Of fluorescent
ti ssues including biopsies of normal, nmalignant, and

sueparanent dwpkiprovida pyigsehistatedbioghe presencs offnallie ibdeby

wWh e ' lyte of interest. Oher

i e S T L e R O P

c uhdnopertiolepitBhaulé padde HflubBiRnES knal ALIhRA BatHo\REncd bE
sanpl e 15 can be obtained froman environnent al

so?ﬂa&é? gthe samgpleag whighsgigpal cap baflgtectad as ¢legfpgraggnetic

i o § N.:as:.t fr. . te. I
B SO M Bl LOD SRS At

| ndust r f@ptisaliraésptdmdy!’ ncho det flersibsdqatntdndessBBéBevent or
such as from a bi‘g{aggi cal r actg@ or food fernentation

prEdlondgRy by diee WICRY: 2ot tRbBgsesrrption deiuees hiaces
JafRere REOLMGEor &h&lﬁﬁh_@écnﬁ% QHY ﬁfs@ancé@hﬁ Wiash i+28 CSQ’I?(SYS e

can be pre-treated prior to use, such as preparin
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The terms “include”, “for example”, “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"

when used in this application, including the claims, unless specifically indicated

otherwise.
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can be used. Coupling a fluorescent nanoparticle to a ligand, or a ligated-

fluorescent nanoparticle to an analyte, and like combinations, can generally be
accomplished by applying the procedures and principles disclosed in U.S. Patent
No. 6,268,222, or other procedures known in the art as applied to the present
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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where the event or condition occurs and instances in
which it does not. For exanple, "optionally
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r edntdgedn theldgassicfindrewoniemohrtisld oh liaked produgact i ve
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co-reactive or gano- silane compound such as, a known
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on the 15 core which product is a fluorescenNanoparticle

namoparticlie (D-0S) (S Oz) - The motarequivalent—TatTo
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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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either or both a ligand and anal yte by, for exanple,
any known chem cal coupling reactions such as
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use of carboxyl ates, esters, al cohols, carbani des,
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Esthe itigand @i iNpiR gﬁt@ddhmres@&)ﬁﬂﬂan@ﬂrffdﬂb&)@@msent invention. Itis
readily evident to one skilled in the art in possession of the present invention that
cross-linking agents can be used in surface modifying reactions to modify the
surface properties of fluorescent nanoparticles, or ligated-fluorescent

nanoparticles, and as illustrated herein.

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
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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the.art tEﬁDt many cross-|inking agents can

e ieBR i ORI T wtREe b atie b Fop g Aot

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.

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
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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magneti ¢ TEFLON coated stir bars at a

Deanadyfis élef drestlisn nanepastvientinay sprcat smoallondnan thd (dydh otlgnamic
etgﬁﬂgl and stirred. About 2 nL of the reactive dye
precurSor in either ethanol or THE contai ni ng about

20 425  m PR B i1k dtes o HrigHEiess Jrohd heed s‘%ﬁfﬁe‘s@ @tage%at the

30

vessel. The resulting m xture was 20 stirred for
1 sanawiieia povers The ampbimdeafer atomarekition trivedes the

r eﬁl%t)arbf\ﬁ%scﬁ%smg species, and the average count rate is 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
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.

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 alumnumfoil to mnimze exposure to
light to afford a fluorescent seed particle m xture.
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sections of the cells, only the periphery of the cell was labelled, as expected for
the transmembrane FceRI receptor. As a negative control, RBL mast cells were
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.

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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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, g, (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

35



| erdcaemi a (RBL) mast cells. Antibody imunoglobulin E
(Ilg) and its cell surface receptor, FceRl, are known
WQ2904/013887a reversi bl e but tight conpl ex. |gB RCTES2003/037793

adsorbed onto the surface of the CU dots at the
optimumratio of 1:1, established via iterations of

bi ndi ng assays. Figure 4 A, B shows typical |abelling
of alRBlL 8¢@ Inhisomméteds, mhiﬂhxmgyl the:léyn‘ tymibns id dlmast identical. This
nan artlcl es uator sectians of the, cel]s,
o P LloR SR BisHlsr O CoRBlegey pSRaate el Inyictgd. oftecs
eX BeGIeBH! tHeQore Af¥Ethk rsﬁfﬁﬁﬂﬁmﬁéﬁﬁﬁy G ?gglpoﬁﬁ&%%%e efifianRed

negative control, RBL nast cel
pr quaémuetfﬁczetcymb@mﬁ@ hthwa, tths p@ﬁslb&@mﬁhmumbam the

i Tl
51 laRRlFas bioadtss PEOR RaEm RS a? eSS s
0bsLAnsld, for hstsGasrh Alter¥] By &Pdl%ﬁ‘[%r\ﬁ&@%%e@uﬂeﬁfs@dl%tdh@zﬁ‘gmg
between the silica nanoparticles and the cell

sufledbisknge offhgnoee o beltpadissloserehaseinght ness of free
dy [J LG .U of.s.wmth a .
o e bSO DRRIP b e A0 RSPt B
silica 34 WO 2004/063387 PCT/ US2003/ 037793

10 hanoparticl es and quant umggfapRnd count s/ nol ecul e for

TRITC). Both quantum dots an dots are an order of

rragﬁcmm@ou) of B»nd &rore Namoppticlar Ioang pf tptrametpthedaning-5-

&agl?éigs Eh?ocgﬁ%elf{g ﬁ@f(gtw?br% Iél?sgél?/g(? ﬁqeé%%?rpi Ebg mo zfr r'gt;]oeof
| nsmlh@propﬂnm[@@smmeqmt,x Yo ERETC rak 80 €x 1 beaRS ni120) .

Fl uorescence correl ati on spectroscopy (FCS) was used

t 0oBBRal PPI treoolhs. Fallewinggomphde dupipher PLTRE Gigethanol,
15 b eg@% QildI:@ ﬁ@t C}e %%agt@ﬁ V%@Ql ﬁ%qgﬁltoﬁ rwefslsﬂﬁrag ipoglg tdark n

nanopart I particle;

naﬂm@@x&rbq&dbysﬂmeﬁeoh1&taemdhe&dﬁaeﬁﬁdre69 84 | cHz per
bead. Fl uorescence count rates indicated that the
fluorescent nanoparticles (10) were about four tines

10 brighter than the pol ys]g)yi{!%ﬁg 5l atex beads.

Phot o- physi cal characteri re perforned to
dePeeprirntion dff Gregn@oenNapepanpiztesi cl e cont ent

fl f
20 T ot POTE G dles EUEE, 45 haMdEnnde SeSTRiNG i oL, The
Pr UG traied oBlaREAROprS iy alae (lb@"cl@?* Wk @bo k1, \Jllt}{r@ mL

resol ved quorescence neasurenents uor escence
vepEeibandl per ing of ¥HIVES clovitisvifg sq’lnsl@mmédsoﬂtnam o TRIEC in

BRI BeBRIRREIA BT BT 5 B R F s i
|'i §81h&® af Mom 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  vessel 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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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
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oL PR UBORHA GO ORI SAbS SHC A NDANIiFe sizes i the

hyghexbeigsout NG tBRBEnOUr ce for the sanpl e nominal
nanoparticle sizes 50 nmand 70 i was 2.0 M ammoni a

in nmethanol 10 Alternatively, to produce nanoparticles
havi ng a narrow particle Jiwgenplednge bel ow about 70
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t enféared satipe i(PlBS), or Tyrodes buffer at pH 7. Immunoglobulin E (IgE) (0.85
mg/mL stock concentration) was adsorbed onto the fluorescent nanoparticles by
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
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
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
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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Unbound
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
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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nm no E% di nmet h hoxyS| | ane ( APDVES) (Cel est

I lern bae F‘? 518?1%3 ‘0ss- 1 i nki ng Reagent (Pierce
20Endogen Inc.): Methyl N-succinimdyl adipate (MA).

Nanopghdrtifle €ratHcl G st B krapal | zation was

acconplished as folfTows.” A~ 25 20 nL suspension of

nafbpastipeltede pictlhcta atbaahetetiondliZ2bomstep dssctlibsd nbdxedvere

' 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.
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marked by the ﬂuorescent nanopartlcles can be monitored via SPT. Appropriate

5

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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25

30

the antibody 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
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
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,
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Single fluorescent nanoparticle tracking experinents
weprdelgd rhé pamsierbpy tacerablequire foriatidn by sebseareenioamonl of tha

S %{BC[IBezgssociated with the surface. Subsequent cleaning or removal of the

HDTB from the nanoparticle provides fluorescent nanoparticles having a

mesoporous silica shell.

Cleaning Procedure

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

steps removed approximately 90% of the HDTB surfactant. The recovered
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added all at once. The 20 HDTB serves as a tenplating
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ordered,an i ed to enable pore formation b

subsequéﬁt 81%@%65%3? &%teingsé el pgteﬁ)t docunients” are 1ncc){rporated by
reference herein, as though individually incorporated by reference. The

invention has been described with reference to various specific and preferred
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 8A illustrates that both the red core and green dye are
immobilized inside the pores of the nanoparticles at 488 nm. FIG 8A further
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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was added, and the particles were sonicated and
centrifuged. Sonication was done at 15% power with a
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
publ i cations, patents, and patent docunents are

I ncor porated by
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reference herein, as though individually incorporated
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1. ent AappedeintbpSAlE . GhReA dyes inside the porosity,
yields two fluorescent signals fromthe particles.

Zﬁggr St | a.gﬁc%{?la)%((:)llﬁﬁﬁfr%snggé(cﬁl toge%%e?lée4§3€égrpo\ﬁgécﬁ\gltg Sant I%?gano-silane
20041pe8R8:MIPCT/ 1JS2003/ 037793 the signal for the

green dyenSpdibiS DBPGE GoRapged than that of ‘the red
core, because the red dye 1s’only absorbing

m ni mal | Wherejihigp fleduescent hamopratidl¢ loks e diagietspleors it limsn to about 200
excied at 585 nm at which the red core absorbs
maxi mal ly, the red signal is enhanced, further
substantiating the fact that we have indeed a red 5

2. COI'Bhel3Sdp@i@clt BECIATRIORRIAHS e BRE LIS thebackidloroduct of i
absor bance maxi mum of the ?ed é@#%, éxé?téﬁf%ﬁwg%aggg“@

r unt SRR QEPEEH @ng & weanpisilgngrnh e sl gomprasetide tdaesion product
nangpafic oheisg cdni@uie 8B illustrates the synthesis of
MCM 48 nvol ving the use of a surfactant nolecul e

N- hexyadecyl tri net hyl anmoni | un brom de. The protoco

3. to ThbGanapamibie bf 2&imel fuhBér BmBHQRN IR & th@surface of the fluorescent
chqggg@g&ggertic.qggpﬁ Is al so described there.
Fi gur i 10018 ¢ e e IoRSCoPERNIRE c t er i zati on of the
nanoparticles: The nanoparticles (wWthout a red core)
wer. ed in,epoxy, mcecrotomed. to 30n thin

- veciegRBaEde bruaRT Wi B BrBTSEp Sl e gBsiaas
t akenoparticly i B@HARPBY a dyalemebog/orfbly bhwicaldibddgMonat 200 keV
in elastic blight field at 44,000 X magni fication. The

cubi c- bi continuous ordered nesopores are clearly
3. vi shhigmanopartige yréaim Bsvhete theldzandon the subfadd afdregBioemtent
nan@P@hiic € li&eCQBPE IS a9 roufd ¢ g{s&ng%?%foh& 0g. & .1fhetic olymer,
fl uorescent dye 1 ncorporated I nto an or ano- silane
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.

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.
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conmpound; and a nesoporous silica shell on the core,
wherein the fluorescent nanoparticle has a dianeter
fromabout | nmto about 200 nm 2. The nanoparticle
of claim1l wherein the core conprises the reaction
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
nanoparticle of claim1l further conprising a |ligand on
the surface of the fluorescent nanoparticle to forma

9. 1 i ghheayrerpiiisices elaint | vgropie diagrter ofAhe mpeparigh dfaam shoel to
of oad 10 3anthefegi N the ligand on the surface of the
fluorescent nanoparticle is attached by a coval ent
bond or by physical absorption. 5. The nanoparticle of

10.Cl atme mndagicRioncIhiRe] fultBRBeinRRinkRencsdpediregenef t he
fluorescent nanoparticle is selected fromthe group
consi sting of a biopolyner, a synthetic polyner, an

11.ant TigannopaicRt t1biatyfurther 0GRl HBAticAgdat.r US, a
receptor, a hapten, an enzyne, a hornone, a chem ca
compound, a pathogen, a toxin, a surface nodifier, and

12. conBhematdpanisletohidanienfo.or 61 widren fdeniopeaeiticabat Bfeledtdl fron the
LS b 58, AEHoy SORL00, R0k, S8F Sy BRLBLS ot
area of the core. 7. The nanoparticle of claim3
wh ' - f :

o Reb Bl B OB ok 18 AEHPEE ekl s RIS g e
of tilife skalirdf hemarppaticlef the core. 8. The nanoparticlc
of claim1l wherein the thickness of the core to the
silica shell] isina ratio of fromabout [: 1 to N

14. abolie rpropaggigle of vlaign 10a4d 1 yhgrspahe therpreuts aggitas ¢patpd onto the silica
whegnell br thdv@indh.afert er of the nanoparticle is from about
1 to about 100 nanoneters. 10. The nanoparticl e of
claiml further conprising a therapeutic agent. 11.

15. TheTrranagasicied @lali 1@ lvBdréth Shef thidripgeBic 4O Assdcigbdavith the ligand
t herapeutic agent. 12. The nanoparticle of claim 10 or
11 %ﬁ%?@?ﬂmﬁﬁg'therapeutic agent is selected fromthe

group consisting of a drug, a bionol ecule, a surface

nodj fi er nd.conbi nations thereof. ..13. The
16. nanAorIJnaer off Sﬁgg%lfg agglf)ugfersﬁef()nag?pa%f{ev\:/ﬂlélplésil%' the therapeutic
agent i smialmgox lfleckeicaritocobipeundsiddi oaa oghgl-dilanf céy@und to form a

nangp iclc,  14. The nanoparticle of claim10 or | 1
mhere%%&?ﬁ%%%ﬁ%fapeutic agent is coated onto the

si | i ca mixing the resulting core with a silica forming compound to form a mesoporous

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, or 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
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shel | of the nanoparticlc. 15. The nanoparticle of
claim 10 wherein the therapeutic agent is associ ated
with the ligand of the nanoparticlc. 16. A nethod of
maki ng a fluorescent nanoparticle conprising: mxing a
fl uorescent conmpound and an organo-sil ane conpound to
forma fluorescent core, and m xing the resulting
core with a silica formng conpound to form a
TESABABOUR, Skl S RoRE] & APihEERLEy, L0 Provide the
f1 uor escent nanopart|c1e The nethod of claim 16
further conprising conblnlng the resulting

19.NaNPRALLING Sf \Matnh 12 orl 1503ei8eheCh8BinhE Qr@pt REpASl URating the
consi sting of a biopolyner, a synthetic pol yner an

ant TegRspfivedigand o hsr@a%}ltw ageRi Wb Yalarehe garRappiigle.’ o
receptor a hapten, an enzyne, a hor none, a chem ca
ound atho en, a toxin, surface nodifier %
contimnmethahel Ciar Lot 15 peeroi e hopRispEHeR PO gimbibing the
f ur tekyRetive Qiggdios thegp&aehichi in@ thearfi 9Eht havgpdrlidior escent
nanoparticle with a therapeutic agent selected from
the group consisting of a drug, a 48 bionolecule, a
21.sur Tiac aetitodl iof iclim 10 ror Cl@NWheandi i tkgn Sonlitﬁ]tﬁ'ﬁga‘ okp cd8pris¥hdonding the
ggt rlggpegtévg 1 g%ngtonlhera%)%ltlc a%entvyn glcetmllr@aece PP the rem? I1n% nglgoparttlcle
therapeutlc agent onto the surface of the
nan p 2 h ' 8 i{n
22 R @{rr&‘ha%%lﬁlcal Qa'rrle-F (%H:Igﬁlglg% %&%r{gp rga%%;%hlrcges B@Aglﬁl{n\?/ e1 and
IlgGMQH@Waﬂﬁeﬁapeutlc agent |nto the surface of the
nanoparticle. 21. The nethod of claim 17 or 18 wherein
the conbining step conprises bonding the respective
23.] | gAmbargecautial eywgsition wgwrsing e tigrsedsiijoreaesat genonatisie of claim 3
I eSilqtobRcha NG %&h&&ﬁm 22. A pharmaceutical carrier
conprising the fluorescent nanoparticle of claiml,
and optionally a Iigand. 23. A pharnaceutica
24.CONRR Fhdgin@R g0 EMPriSin g the 1iBBed-11@Rds 8t Adnbik @RFLE R aim 3.
nanoparticle of claim3 and optionally a therapeutic
agent. 24. An inmaging agent conprising the
25Iigaﬁmdm&kmaﬁﬁ@&ﬁaéc@ﬂm@@@fticIe of claim3. 25, A
fl uorescent nanopartic npr (fin%: a core co ng,
a fluorebceift Ypas “ﬁc&r@‘b"r‘%ﬂ" 84 Pt C%"%Fé iAQ- & |°é%a8° rane

compmpadyd; arid a nesoporous silica shell on the core,
a mesoporous silica shell on the core,

wherein the fluorescent nanoparticle has a diameter from about 1nm to about

200mn.

26. The nanoparticle of claim 25 further comprising a therapeutic agent, a ligand, or mixtures

thereof, on the surface of the fluorescent nanoparticle.

27. The nanoparticle of claim 26 further comprising a ligand on the surface of the fluorescent
nanoparticle.
28. The nanoparticle of claim 26 further comprising a therapeutic agent on the surface of the

fluorescent nanoparticle.
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wherein the fluorescent nanoparticle has a di aneter
fromabout I nmto about 200m. 26. The nanoparticle
of claim25 further conprising a therapeutic agent, a
ligand, or mxtures thereof, on the surface of the

fl uorescent nanoparticle. 27. The nanoparticle of
claim26 further conprising a ligand on the surface of
the fluorescent nanoparticle. 28. The nanoparticle of
claim 26 further conprising a therapeutic agent on the

gsur ent nanoparticle. 49 29
29 pand e er by g RS A R PR b e s AR dr ¢f e
compomrendnt namopdngclcore of the fl uorescent
nanoparticle. 30. The nethod of claim 16 further
conprising treating the fluorescent core with a

30.t enphatmiethgd agesitinpr § dortlteo bmprisinyg treat®i | the dlusteekeht ame with a
the Gol.8 Ihe. met Ay I erein the tenpi
atlﬁb ggg%%%ng aua e%ﬁgﬁwaﬁﬁﬁnﬂh%%9§2|t 32. The
met hod of claim 30 further conprising renoving the

31t emphahdig RGN 3P AREn 1@ FeHlpMing Buch} 5 b GRar R bk
corelto afford a porod%]SfH?caméh% wa%'tégﬁ§IWE§ﬁ%ggﬂt
of claim32 further conprising treating the porous

32.81 | rgam&h&l df (:Whﬁ Ro @n!hbr%ﬂlgmsn?g reﬁbﬁﬁgﬁ@@ lt’etlﬁpﬁr\atmg hgent after forming
m xt ures_ t her eof he nanopartlcle of claiml

whe?@Wﬁspﬂﬁxﬁp%ﬁﬁi@ﬁﬁﬁﬂa@ﬁ@“ﬁéﬁﬁﬁéﬂt|cIe i s from about
10 to about 200 nanoneters. 35, The nanoparticle of
di aneter of the nanoparticle is

clajm1
355 BBl TG St o0 A AT Eeroaaaco T il figand,

nanopapdutic loemddured tadrgnf.l wherein the di aneter of the
nanoparticle is fromabout 25 to about 200
nanoneters. 37. The nanoparticle of claiml| wherein

34.t heTld mnatgicleaff chine 1 naaeipalid dicheter io$ the madepaticets fdm dbout 10 to

abopf,, 17 ARQMERL er s- 50

3s. The nanoparticle of claim 1 wherein the diameter of the nanoparticle is from about 10 to

about 100 nanometers.

36. The nanoparticle of claim 1 wherein the diameter of the nanoparticle is from about 25 to

about 200 nanometers.

37. The nanoparticle of claim 1 wherein the diameter of the nanoparticle is from about 25 to

about 100 nanometers.
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