TRI - SUBSTI TUTED UREAS AS CYTOKI NE | NHI BI TORS FI ELD OF
THE | NVENTI ON The present invention relates to

wo 2¢067mBDSt i tuted aryl)-1-iV-(2-substituted PCT/US2005/013989
pyrirnidin-4-yl)-3-JV-(al kyl or substituted al kyl)
ureas which inhibit the extracellul ar rel ease of
i nfl ammat ory cyt oki nes, said cytokines responsible for
one or nore human or higher mamral i an di sease st at es.
The present invention further relates to conpositions
conprising saidiV-1,I,3-tri-substituted ureas and
nmet hods for preventing, abating, or otherw se
control ling enzySe&FMEENHANEEDRHEY ERQEIHPRYoAGHE VEhe
active conponents resp6R¥PESEENANCIHRTIEEES n descri bed
di sease states. BACKGROUND OF THE | NVENTI ON

I nt QTd\QELMNMENTIlId:NbEk)G@m Tunmor Necrosis Factor-a
ort.ant . bi ol.ogi cal subst

(TNF the i nces,
kno# l]o g‘@tqfﬁg-é?%yerége“‘ 7R BRHBECCaseHh B AnVE 0B ATH ¢ g“s”é?‘é
und emmtdmdummnmdé atjeretiiegpatemfolvasmalionsy othes pioresenable terms as

aSSOCI\ %Et?g)r ég l%piegnlps %EW&'IQ&I : } 17%3610;9%&5 Q?NE—IIIIHQS and Grant

i nf &Ct | ouS ese pro-inflammtory cy
are@u’@@@ﬁ'ééoégwwﬁﬁdmlﬁﬁf medi ators in many di sease
states or syndrorres inter alia, rheumatoid arthritis,
osteoarthritis, inflamuatory bowel disease (IBD),

septFl%%ﬂ%EﬁE%\é}?lﬂwQB’ul nmonary dysfunction, acute

r espoaoayt or yhiding@aseelaeaghaexiyae s@&&?dn&&b&part&:&d or labels that can be
t erce\fd%th)i (grngn &%evﬁ’l rglnsél“ft))(e té)é’,rglrstlgs (;S}t”g rcesg%r %ﬁéurﬁose q%antiﬂcation,
t heﬁ@fltmleldgmflg]qgn petmckln@é\dorc mmqytgﬁp@tupig;gs tg putiace enhanced

ph arﬁ@&&k’&;}g Gatlve CONRORI b PRT N In&hods OFRAL A C QRO PGS, and
whi ch can bl ock, abate, control, mtigate, or prevent

t he UWaPBASBAYSes eyt oki nes from cel |'s whi ch produce

them SUMVARY OF THE | NVENTI ON The present invention

nee [ eds in that it has been
sur%%%aﬁéﬁrﬁgﬁﬁgkt“ﬁg ce%t ain |-(JV-substituted

ar yliQoopl- i \Flg@essenbsis i pumay mpans byrvidrinbidma¢cples e jragkddaing y |

or %gﬂﬁ{a!eh Uﬁ@ es@énlﬂ{il ~)dré’ll[s§<ﬂ§ Dw’Aeseﬁferlgl%t ée\l@eip%smn analysis using
inhibiting rel ease of inflammator oki nes, 1nter

al i &icrpapgy [leyRitguetry agd ijs vpnyjanyg - E’%ﬁmﬁd Heserbgiher apglicptigps. One
( TNEp]ﬂl).dtffOﬁ eMp&@l Inser@nghdti n%dabcylnpalemaawts |1d'ﬂx@cel]alblaﬁ1hﬂ@ or

WM .Se an be
© he ST Bttt & SR BRSSP BB et Rnte
desenaxgyedmdersme witeabeoveiihig vén chsteesas phe distamke bethveen a fluorophore

pr esn?cp ueh cﬂé’r%ﬁi Iro d!l]t {Lgﬁ 1@%@&6&&10&19%9?”@&%16& VARLH,‘H&A? Gr f‘ﬂllolophores
enant1 Oneric an E':]llastenorrerlc orrs.ancf o
phataradeagndady parkascaprhab bleodeg|!t is the hestse@b fytomesy dikewise covalent
CONRRKAHS! Bﬁ%bﬁg;cﬁthﬁ’s flﬁrbgﬁrllu@ed WNQERIeRvdR brBanSISithid Jﬂe@dind
or unsubst ituted C1-C l'i near or br anched al k

l;
has VIHEYETHDTOES Ry ‘F'& ”é\deﬁﬁl PePiT Bt et (Wb?ﬁeflgﬁ% ﬂ#aé]ﬂfp
consluabphags bifve sdv}mlstmbstl(bntq ut) Ebkyare igmgyubstpribleti@pho@BleShing and
carb

ar ypoo(féld%compbsmon)aq €XCI ed ot a‘elélgrggotg EeuLejrn osxlij(}?u‘?tg !cxl}:d%tel?eg reg?c_tacn:%q)han the

ground state. (ii) The fluorescence emission envelope is broad, limiting the number of
spectrally orthogonal tags. (iii) The fluorescence is typically excited in the visible, a region

where biological samples exhibit intrinsic background fluorescence. (iv) different colors of



iii) substituted or unsubstituted Cl-Cl heterocyclic;
and iv) substituted or unsubstituted Cl-C10
whedosnoaByl ; R2 has the fornmula: R4 is a unit Bel/es10e£013989

fromthe group consisting of: i) hydrogen; ii)
substituted or unsubstituted Cl1-Cl10 |inear or branched
hydrocarbyl; iii) substituted or unsubstituted C3-Cl10

carbocyclic; iv) substituted or unsubstituted C6-Cl10
aryl; v) substituted or unsubstituted C1-G O
heterocyclic; and vi) substituted or unsubstituted
Cl-Cl10 heteroaryl; L and L1 are linking groups each of
whi @horepheret oicke pmdesm/ Hijfesalsectied ahd demichierqroespnecessitating
CONSHREhiachen: bld s.11) -NRS-; and iii) -0

> Lnd " ‘8‘““ 1, lﬁ?%fc inear or branched al kyl ;
or {W1R5 Tmldt?‘@loé%lﬁ“ Bl TUoBkEh nprsgitigrre EHicpisiuptpr (quantum dots)
_ca(r]I hmy[lgndémltht u%h?oﬂf&ﬂ:@ﬂe%&e%a@@@bﬂh] akeieRGh. (cf:hdn ctal., Science
i ndependent or 1. t,J Ny lon urt her
ol A S BSal S PHea il 20 ST Gy e gy e
t heal.nfd anat preysateokippieatiops, easblidationd rdfdriad oderpawnds
aCCRLALNGd 8 LORMRLESHT nhNUARL] Ml Mo HEFHREy 1 0E

conpo resent in I on conpri se: an
ano unmtob@fdc*wméhao prgﬁm uogophorgs. frpdjin §'El b‘sfpiet*l}t’fe‘ﬂ*”m"‘éé@“aﬂ‘d
der bakiaRS AlhRERE ce BIGROTADIG em“smvm&&ﬁmgh i WMeRkbRg
whi ch are effective for inhi rel ease o

)u tBlﬁ gle

i nf F’éfﬁffé’f‘ B?Vloeoyxp nglvﬁ’é)ée‘ as APy b]fz’hhjb Fe@mrefd to excite multiple
pharagaealsh iscak thyn @omelpbraml@lcemmphe M @eovdrhiindwidths of quantum

phar Ha%grlélsslec goanlsnder Ietplalglglg Ai€n merrle%%g(?g{)eckﬂlgﬂqh lear- IR, and

nor e dl seases re amTa or
r el easdinglnmy ffo‘tehmkss arm@'@hoé@ e@h@@érﬁlﬂ#ﬂttmﬁot% have been used

ost @Qémltvap Fdr macenmgumm 1@553;1( hfith §|iomd;|ir@b§tlleis Re MBIt

i mmunodefi ci enc Vi I‘US i nfecti on,
(an apgaer JUHBAHi higck 8ﬁﬁ6‘§’|"¥ P’tﬂirﬁ’g‘i“ytﬁ‘é‘d}f i"%i%ﬁr@‘“ E5jh factor and
i nf k@mrgix@mymhomrqﬂm&ea&e m@d\&la)end&lyesep egaeted o blotlnyldlcd

| nv?tmulceg;%r;otgllﬁls&)f hvm ce%s 811:10 ever the butlk oc%%xe lhc(?{turﬁaqunrb?@ non- lggete(l

i nt epprakheato cdlﬂld;eé@esl y04n wedﬁ tfan‘dtth@gltdeman whyused 18] introduce various
r heygt &'sqol%waadﬁth.ﬁ dodl InBREN EBseis b PR wmg@ @(fd%@ NERGY

virus (H'V) infection, pain (anal gesia prow

conpBettdesisy rackamficalinjected fdo mise MighRitesgPd Efb%“‘m“"“ dots,

di saRreind llsB@)a lipdt Q@mﬁf&hé}@dﬁd f‘rﬁlﬂ(ﬂlfch&@eﬁtdlm rDeSél@j’nleﬁlg)f Xenopus
human _or an effective

OB B A G arg ithon el Bt B TS
des tnfobadiches@paytoseal] qoutunT fes o 1o egerntred mveptabomo @mitspate in

pr OYJ tqgrﬁmac ﬁln%hﬁ {nd Hd%Rxﬂlrdoﬂgl NQ.% byt ansfecuon and electroporation
, 3 of 't
tuted ureas ana pr esent
i nv erlqﬁ)fc)@ﬁto aogregatlon Microinjection dllows dcllvery of unaggregated quantum dots, but

is a serial process requiring much skill. Additionally, the long-term imaging with UV light
can cause degradation of the quantum dots, resulting in spectral shifts and cytotoxicity.
Likewise, the introduction of metal nanoparticles into cells has been described. Metal
nanoparticles were shown Lo be successfully introduced inside living cells in 1990, when
electron microscopy was used to examine nuclear uptake of colloidal gold microinjected into
the cytoplasm. (Feldherr, et al, J Cell Biol 1990, 111, 1-8; Feldherr, et al., J Cell Bio] 1991,
115,933-39.) The art was advanced by using video-enhanced color microscopy to track the

nuclear targeting ability of peptide modified colloidal gold. Several reports have taken
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These and ot her objects, features, and advantages w ||
becone apparent to those of ordinary skill in the art

wo eannzs48eadi ng of the foll ow ng detail ed descr@pusmns/013989
and the appended clains. Al percentages, ratios and
proportions herein are by weight, unless otherw se
specified. Al tenperatures are in degrees Celsius (
C) unless otherw se specified. Al docunments cited are
in relevant part, incorporated herein by reference;
the citation of any docunent is not to be construed as
an adm ssion that it is prior art wwth respect to the
pr egeéviptagenf atsiraug plapionA¢spEDCeHRBCRE PFAQNUOParTiEHEs by modifying them
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or mrErcemdits basepratiat, &s width nywdmnwlewh\mb Miflaquay memdamedll

t 0 kﬁ%d@qgﬂ@ﬁ%é HJm%E the ﬁ&n%ﬁ&} chErsQJ‘?:s or nor e Cyt oki nes;
fecting the rel ease of Interleukin-1 %13

[ n’pl[?"@%\]t edR‘ﬁ%’"tg‘HéerWéI‘Séﬁ‘lﬁllléexﬁké‘%lp‘&ﬁ%F*B'I")éhrf"ﬁf“cé‘”t‘ Qj@acar-IR light,

nu n‘@&ﬁtoroéncrgicseam S batiede inhdére 5acagrmam flubreddeme ﬂlbd)loglcal samples.

arthrit S,..Qsteoarthritis. as vye as 0 %g (?H

st atds° RHTLRPS &1 Friely 60 EonHalrt & P4 DT leg CH‘at 1’“ fjinee

b) Addivedsi vitgationdypially BavEyay onpgdnainedi, {(€0-@) ', one could

expr ﬁ\ﬁssi (ngedsdrﬂ | Q&Eri){oﬁmg%) rQ]b/o’nE?J"slﬂl%ldn%uQ@Sﬁl L& single light source;

proposed as I n tors of " inducib COX- 2 expression,

whi ERVEYES "%@érﬁ‘d@ﬁfb\merv yedkelimitipg 'é‘a’é}é'd fgysecip Pigkiatyae! C*E)"““Y

Pr ovi sl RY) mpRANFTRCRHL dGebro S AP OShdds QRS oVAhEfe@li8s on noble metal
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F e S ORee QoK Sorber T sp R TR RGP TR
suggesbe@chedsacan(HFNpOschignte efddénay OSERSram@sybedibesieadeect molecules
sta |, | ] L L0.S,:

ost tggsg?b?{]tpﬁl%flﬁg(fuglm‘? Wil nlﬁ%ﬁ%}ﬁ? de}fds egl?%gggoglglq?rﬁg%%j{hé Iié!té%hon of
septisegls hekekile. car di opul nonary dysf unction, acute
respiratory di sease, and cachexia. 3) Providing a
pharmaceutica gsition which is efficacious in

pr O\WMWEREITE&F&?NUP%t herwi se relieving pain in

h u rrwm)sﬁ]an dl"}hlpg:htfhf mvmrrdfrairmdea'hasmocandnpatslhg fcaudinfredposition of a

Sur Sin res
me%‘ i C]E') a 6>]pre oﬁa temP]gtg E‘Eﬁ porenxgag}r%%er of W 1 1s lehs)(}gip 2&)011111 cwsma
of deiosnfm q?eworaffnﬁc@fm@h inig sahgory! sn@rcewpmcseraw e @wwon of at

Conqjéa;t'0%sa1@ﬂrs§¥ﬁfgmpm%lcp@%§%d@ﬁﬂlﬂfvf)le&tfﬁgdat&%btcmmmlcal
extracel lul ar rel ease of cytokines. Although each

c OMPOGTIS W 4eneriog sepmenters RO oy napeprivsle: reRsaiie disdlerasigprof 2

di saa&e aﬁir@l&ﬁm@fszﬁ&@f;(ﬁd niagénm hﬁi camtldrnam@é lrchh ard 96@"1@&8 &offbound
netSc,’l tneve tl ttw’ et l 1 TJI

seI 8%'&"!9“6 % Héenéré‘r‘%ﬁo G 8#8"' ‘Har%é“‘fj’ﬁ‘“b? “a ’%%F‘ﬁ%‘é‘b ‘E‘I"E gpe

COMpOSies domthspsle:dmprmu,rcaam tidpesigel oeé@tledmod mde & ponofanemplate.

I Il n@%ére Iaﬁﬁlettﬂ] Mfcﬁ]g 1&56’;%0@%‘3&1}4’\@& 591 #ofdaeﬂg'&);lél Plgtgl into

her el n resent I nvention rel ates
1, 153 poyg Q'é%l@)?t“i"taﬁt‘éﬁf"l&rdé%fé‘“o'f o2 Ueisdgpsirial intp %(*%pore of said

template, wherein the deposition of at least one of said first material and said second material
involves faradaic electrochemical processes to generate a segmented, pore-bound
nanoparticle; repeating the steps of depositing a first metal and a second metal; and releasing
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substitut ed
aryl)-1-(2-substituted-pyrimdin-4-yl)-3-al kyl ureas,
wo 2¢08/0subst i tuted aryl) -1 - PCT/US2005/013989
(2-substituted-pyrimdin-4-yl)-3-al kyl ureas, -
| -(2,6-disubstituted substituted aryl)-1-(2-
substituted-pyrimdin-4-yl)-3-al kyl ureas, and the
i ke which are suitable for nmediating, controlling or
ot herwi se inhibiting the extracellular rel ease of
certain cytokines, especially inflanmatory cytoki nes,
said cytokines playing a role in the stinulation,
caus®q thg¢ mptril frelshid tamphitedforasaidiseiencyiad iperepowrfl ngliogatidels,
di SeaRRIeS tdam%pwo%c %Ytglq{im%cles—r@d%h LMk QUE B8 QT LRb said
hi erarchy is used throughout the specification to
par el 24y point out and distinctly claimthe units
whi MOHOWHe$&sdnhﬁ\e(hﬁmmdﬁ|dafa Iﬁdﬂl&)dﬂﬁ)&@ﬁﬂté prapaeind dn@ptimized
At oS ENoRIF RSP LRy SRS Pt R e S TE TR he e
or mmweumﬂgawbbbﬁunmtmomakkgméupsmmgﬁ@kmdwngpmmmnganﬁeCN
ato [ I I
an hoy ORI Erd Bl R e AN iR e fipeea
terHﬁmﬁvmwééég%QW“m@Pé“?%@“$@?hs "acyclic" and
" CY §dobsy" Wetpfeeémm@éﬂu&i a\Ydo@ﬁ)viﬂyﬂﬁﬁﬁlﬂﬂt&)h}pﬂﬂigtr&ukiﬂg Ge

cycll an clic ass clic hydrocarbyl .
o PR G oGy ErTERE R ESGPESe FgEa P R el somories
Spi rd®yik ingpuriiigy Grosysbepaent H&ctcerl dromclhel goug nohsivetzer tarapiple to be
uni §g SOITRE LeN QAL dMRE RfiSkepoat oms chosen from

nitro oxyge and conbi nations of these

het é%%it orfEhe p@%ensmwmwwvgl?ﬁd‘ R e mPtiiReFPEIne @ plyrality of

acyghts phyideQeRk nyllprmﬁ‘oi diftétent RUMPOSE Sebiridchee 1@&1@;&@&1@10 of the
i nvention the term" su%stlt ﬁg g unsubstlt
SAbae

C1- E3Hegci™ EeprfiE peeapBytuh ggeygt g iwﬁnw of the
of b idmalizdd €1haGl Gheltignie@ has ot vbnlamodnednﬁlwkytby a plurallty of

non SIAbE"C%‘S\ ing 1§1m|lf§qe%§§3’l‘<“ Zlegnal_uesqq ng‘fﬁ&{@r{nﬂy{) gqréd In
( C4)somesee1’90<bmt:ly1 th¢ @4) are ngoliredby ;(r@m)ms Sdy§dNspwith l@@lt@yﬂased quantity

( C4))f ta® W&Un'iﬂétd@cdeagh qg‘;lngty i RBA 9 fheRivRREHaLE lﬁt'exK}fJf satio of that

nonl |n1t|n? exanpl es of which includes, hydroxynethyl

( Cl}da CHE @ﬁﬁ(f‘}l‘wt lag le)othert erlquhulsrrtb %tldﬁ’;)g/ fire c@mhzed by préparing
am saurt Ryl an(ikekdascd huaiilyr ﬂﬁhd’ly/herélfﬁﬂ]): inc2aday guaovky 8tdbfed by the
(C2), 1,2-difiuoroethyl (¢ aerxypropyI (C3)

S iu)velcxf'z(%&c n&nis%elgtrlo (g)r(habt%alocthu %qgel \ked](\: tag non-1i miting
examngiilels dﬂwmhﬁmthdeum@$ﬂﬂ@vh@ﬁVDJé(mWHmSAQWQWGWVKOW a
( C?’){am:].n REQ)Q@[Q)V{L,I n((ﬁéc§19 aﬁsl@fem&ﬁk#{}eﬂlﬂ la}edétgg’)’voup selected from the
i sopropenyl (also 2-nethylethen-2-yl) (C3),

but éwumww@eﬁf) an ~$H gEwp-piNBeleiesh. g 4g GO0, 8RkP- or

br anghgekedlikenyh alsd @ovidek MinkihBQ c@XARRL: @FovRing\Whbi®Particle;

I4nE;T%SCE‘EV%ﬁFgﬁdq}d?{,‘]%?%Pgﬁ(’? ¥nolf£ﬂ ﬁb&%vﬁgxl]o%grgé/le eXca?)suﬁal(f:nzg) the

met hydopadicledwierBiQy: yld n{dd9Yipg laﬂSIIO to bear a reactive group selected from the
&Pé%@)fi| Hse“ar‘lggit JDLE %FOQ%ed d%;(r)g/u y%ﬂdydln g%-@l)yrl%u% :V\Jrl]lérlby an activated
exafpf¥ds BifPasiii ch i ncl udes, ethynyl (C2), prop-2-ynyl

(al se11r Opﬂkgbél,e)n 1(1@%91% b \Q)yiﬁesja'by&mﬁ SABRUcomprising: a

2- met hyl hex- yn-1 -y ubstityte GO0 ]ljne

o BT BRI e e efwfo}ﬁcf‘ RSl s gk Si0-
i ncl udes, 5-hydroxy-5-nethyl hex-3-ynyl (C7),

6-hydroxy-6- nmet hyl hept - 3-yn-2-yl (C8), and

5- hydr oxy- 5- et hyl hept - 3- ynyl (fD) . 2. Substituted and
unsubstituted Cl1-Cl cyclic hydrocarbyl: For the

pur poses of the present invention the term

"substituted and unsubstituted Cl1-Cl0 cyclic

hydr ocar byl "



enconpasses 5 categories of units: i) C3-Cl0
carbocyclic units, non-limting exanples of which

wo b3 cycl opropyl (C3), cyclobutyl (C4), PCT/US2005/013989
cycl openryl (C5), cyclohexyl (C6), cycloheptyl (C7),
decalinyl (G 0), and decahydro-azul enyl (Qo);
substituted C3-Cl carbocyclic units, non-limting
exanpl es of which includes, 2-nethylcyclopropyl (C3),
2,5- di nmet hyl cycl opentyl (C5), 4-fer -butylcyclopentyl
(C5), 3,5-dichlorocycl ohexyl (C6), and
4- hydr oxy-cycl ohexyl (C6) . ii) C6-C10 aryl units
whi CRCapy {aptue{@ a bﬂﬁlﬂ@,lwple sql;:a@ﬁtr%ﬁwxww congjgige of a protein and a nucleic
naphtigen- 2-yl; substituted C -Cl0 aryl units,
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conﬂ%FWﬂm@wﬁﬁbﬂNl to 10 carbon atons and one or nore

het g5t orr*ﬁhecpmémvé.ﬁ]@mlm ﬂr(fvﬂﬁeﬁmumﬁygﬁfﬁnslwIc&MfcmwaarEgmple
m xtures thereof; non-I |n1t|n%ﬁexa | es. of whic

i nc waeectedff %Jnglm&‘l_‘gtdétllidg’iﬁ'o\f/lm at ke ?ne s&eﬂﬂf Ibb‘fhﬁy par tc’l 3 the analyte on
OX aZiO‘h(yhl f(0@31}s,dy ilﬁ?ﬁdd‘eahylddi (thlttraa;ﬂyé in(tkeApmpleti pray thia 01 Wina@niyeously or
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aIkyWEﬁéheteroaryl units for exanple a 2-picolyl un|t
havirhgptoe ifverdhhids prvhigs @hﬁoﬁi@nc‘i&%&%ﬁ@t PanRffopt mdIRr €
optional substitutions for ring hydrogen

e
at ofE°PNTE TERSEAChY r%%?awoéegulsf“wsgw SCr e metl
uns Wi pdriicle; 81, Ga-agshia@ gkt LR@BPY ImetdMahSpatio) ude
2- net hyl benzyl (C6), 3-i1V, -dinethylam nobenzyl (C6),
4-fl uorobenzyl (C), (8-



hydr oxy) napht hal en- 2-yl net hyl (C10), and

2- (3-hydroxy-phenyl )ethyl (C6) . Non-limting exanples
woboosohwBe t ut ed and unsubstituted G -G o PCT/US2005/013989

al kyl eneheteroaryl units include piperidin-1-ylnmethyl,

pi peridin-4-ylnmethyl, tetrahydro-pyran-4-ylnethyl,

nor phol i n-4- yl nmethyl, isoquinolin-1-ylnethyl, and

i mdazolin-2-ylethyl. Non-limting exanples of C3-Cl0

al kyl enecar bocyclic units include, cyclopropyl nethyl

(C3), cyclopentylethyl (C5), and cycl ohexyl net hyl

(C6). The term"aryloyl"” as it relates to the present

i nvdftipbn Areerajent inventipyas pofvidgy §metidicospisggdusenitigerige a SACN

car haiphritlintagin@Eeh (&R pdiiSntl s@ﬁllnidg the pﬁi@ﬁt@ﬂiﬁa @Q@ltem that can perform
napht hal ene. A nonlimting exanp an ar

is aPEhHdPIgng Wy ?j’F”U'i‘Fs"u‘IB%‘f’P‘P at ‘&Hg%"gﬁ% 8§anab%$ ?'}/‘Hék{ﬁ PAYFA
theTer@kmhmkamukapmwd$thhﬁd@MﬂmRﬁar&pmﬂﬁﬁﬂﬁﬁmmh@oﬁ$ACNs
g[ qarpe(?esﬂsf? ‘(1) melecu eqs\é)llvg? ltenlaﬁ Ellasntoéno \Aﬁa%oﬂo&gmpogegurlf?%\é gﬂ 11J1e abnormal
het earndaeipgm whmqm e honleltcenes wsogiaeborytolegie assocRgd vith ehe

pur peRRHa BhindilS: Rb e8ERNL, LUBALI Fthe du%@gedsmsumetre%y afS
wel | as spirocyclic rings, bicyclic rings and t

I|kébmmm?@ﬁm&%ﬁﬁPyg%mémgWﬁgIe het er oat om wi | | be
consmﬂeredﬂ%®nbehmmgmbm@%naw&yclmamﬂa&nﬂym@mnhhaa\wma

th:: (rasr‘é‘hyd?"(r’)]qd)%g'qn%'ﬂér um #;%g\l '{HE)garnfmglﬁ%Plée?éi? Si'fi‘dzllt‘tg‘jl.dﬂéi?%s selected
pur poseke gwuptchtewplrgsé euptutinage mhplowatios omgiedeyséroduction.

het q-thBM&lltl 1§veh‘tmnta}so Pmylﬂgah%%%@ cor@érfsmk HIPMAJLQHL% sample with at
havi ng the fornul a: t he purposes

t he
pr ed@Hiong Wéﬂ%wksﬁomegaﬁg §6€P‘@er“%{e f?@t'béer‘lfé?efl‘lf“ﬁ'ﬁ ipnding\ppape tissue
a f usfile; bhd@) defllitingGAAMAH RS eh@LIRIRALBIIHoledD@hjlgRed SACN
saturated apd an aryl ring, the aryl ring wll
~pre®8HFREPEYSnd determine the type of category to
Whl doighe Thcrpg_;psw@macglgplg‘n‘@d)lovlﬂgq’a ret)(@mpllc]@ comprising a core/shell
’ ? gdlt 8@ 18 CXtdornQR[l lmngd]clnv%pé})topé4rﬂoﬂ:‘uﬂceasb&}éteﬁg ith tlﬁd core/shell
ornu he purposes of the present
|nvéﬂﬁW@hﬂeé%h@ﬁ&éﬁ@ﬁpﬁmﬁeteroaryl unit. The term
'subgibf ut ed’ prdsélt usadod ;5}6\%&9 h Qluﬂhod ttﬁn;me@idﬁ,ia@,ateb@ni.on of a
The term’ subs} utF f f ereln qr "&) ) :
hy drEAPBPOIRST &P dkﬁzh‘B‘i IP?é"r ‘A‘Wéfﬁ Wigy's &9 dltan a0 wimicepine
hasdqm@nmﬁﬁn&kemhydﬁmgemsadmnsm%epkawed\mwmmnwdqmmmmofu
S u b%é 1Lt O#ﬁ(q:tﬂalg)hl s?’lﬁz}{e\%}‘;?’ (H&)Sé&;nh ‘r{%l@h‘g rﬁ%lvgﬁgrj (ﬂigcde]elg@&ﬁélmca]
subst t ut rogen at ons
ar e pcoapﬁb aegepdratg welaeritqqlgpqmw@uww élﬁleawmngtthmlcp of deposition
hy dioge Redt Qﬁ‘ﬁelea@nﬁg 1hfs@§mh‘bﬁgr5@¢g§rﬂj <@l %m}‘olaﬁszroﬁl said segmented, pore-
hydr ocar byl noie ime. In addition, these

sub&pind Gé‘WP@“%“aWthr @HI‘%E‘CTW%%? B Tt iR BFF P

adj asepirtigar bons to form said substituent, new noiety
or unit." For exanple, a substituted unit that
requires a single hydrogen atom repl acenent includes
hal dGgérr; DESGRIGHON OFaiE FIR&REFke. A two hydrogen at om

r ep'[(ﬂﬁﬁjﬁenﬁmdr@Flh%@@&y&@ll RAAY spec%;hm no, and the | i ke
A two Hy rogen_atom repl acenment from adj acent carb
C

at oh¥PHe Jdese 2Hexy? CHA O TARE MY AL ‘Vﬁ;‘)tﬁ’iek?g‘éﬁ’e‘ molecules

I eplFaGenR ol Iqudmn&manlmldcandgr&eh @&olhidk@natdhe term
substlt%ted |§iu ﬁ ghrqygt& Iﬂﬁ resent

s pe &I FPRAFTBRPE™ Rt X BT RA AW dr ocar byl noi et y,
i nter alla, aronatlc ring, alkyl chain, can have one
or nore of the 6



hydrogen atons repl aced by a substituent. Wen a

noi ety i s described as "substituted" any nunber of the
whyasogas at ons may be repl aced. For exanpl e, PCT/US2005/013989

4- hydr oxyphenyl is a "substituted aromatic carbocyclic

ring", (N, N-di nethyl-5-am no)octanyl is a "

substituted C8 al kyl unit, 3-guanidinopropyl is a

"substituted C3 al kyl unit," and 2-carboxypyridinyl is

a "substituted heteroaryl unit." The follow ng are

non-limting exanples of units .which can substitute

for hydrogen atonms on a hydrocarbyl or other unit: i)

- OR3002]; ) Eig;(r@} R®ws pdajteying '@(e@))itmg Riapyn sh(f;(f@) N([F(g)ligpceyylose, and

kHM&MmeGB%%%chII) - hal ogen; viii) -CF3, -Cd 3,
..and_i x) -SO2R8 wherein each R8 is indep endentl¥lces

hydrl?i’aéln B ¢ FOUT SAUHRS (PFATIS ST RETRENNTCRr g find qaagie sur
brammhqd HLMSY@%WCaaEMyh#ﬁﬂrmhmahammmkdﬁdGanmh&m%&kﬁmod

g_g(})()gﬁgst ]‘OIFUI'% %rﬂows gllil&g&tpec.(?r L& @P%EfSI;ACHNs obtameJ using 633 nm

resent inve
1 1C@Jttitrqn@lu@s%)ldtldﬂi’édmlmeasmﬁawm@) the core scaffold:

Whi Gab2610MPELRES sidwl Rinttn sPREA SAEPR-INAN: &%d ALSMAANEP saCNs
and a third position nitrogen atom ( on either side

of - &”E%Wﬁﬁal carbonyl unit. To thls core scaffold is

at t aehed amgmheqﬁwn&en@mﬁi&hﬂnnnbkamggﬂma&@mm@ﬁﬂkmeamwgaai
gssgjxﬁetv%r&ﬁt%ggosgx IE\JeuerVIJO]nS”Iﬂ' Xdlobr?ylg%%aen?nle% rulmrllr?(BtSAFSO uni ts

att 40R8d tBgarh@shows Brtearpmsi JA@Ys b intepsog@rvigatiafterehioping a sample

RL wiifioRSmdGhd sreskiiehgh el ow. Attached to the third
~position nitrogen atom (N3) is an Runit which is a

- uni 100381 delSers Hedovietsiionel Bwple R- (iiFtog ofyinge for a SACN exposed to
subshittuti@d or unsubstituted C1-C |inear or branched

al k Theflr aspect ofR el at
Uni %{(LOB%]h o SFéhur? ocﬁ;f)\?(rg rlxce of ttdﬁl |t0 baﬁg Fegﬁ)avccgllilggon S{,\g%y[eparduon.
n- buaogl], sBgurb Lﬁﬁy\ihpw&z&mab siteytha, obaindd #t 63 burb yicitatibhef 65x30nm and
sec
cecoanaaghy L LR ALER. HA, BN B Syt

- CH2 @2 aats, of 6Mmlm Au gpiiylgsasigyel in QSH,
- C"'%(@IS’IQ]CH-Z 1'3 sh&F2NRR R slﬁﬂgi obeddedN( GkBnde xcilliBR of 65x30nm and

pre aring t ngoundsp& t he present invention which
P38y ﬁ“ﬂﬂ?@? #“Yr'aMig to the second aspect of R
|t neoyp3lbe mgaes@amywﬂepﬂmdm@gmupommhhe“&ubsthUeahnemwedm

i nt ﬂE quouae’ 14? S rwos)gwamanasr[pccrgom oEmeJ;{?E’)?E loin %9%%?% r% aced with

havi ng & protecting group f'or any Feact | ve eroa
ForC§ﬂaane when Ris -CH2OH, an isocyanate haV|ng a

pr Oi(fbﬁi]l NOFi O LHA Rl BSERE SISV Ghag@Sof 250nm x 250 nm Au SACNS,
[0035]) Figure 16A and B show TEM i images of a 250nm x 250 nm Au SACN.
[0036] Figure 17A and B show Raman spectra of 250nm x 250 nm Au SACNSs at 785nm
and 633 nm excitation.
[0037] Figure 18 shows the results of a protein microarray sandwich immunoassay
experiment in which 1L-7 was titrated.
[0038] Figure 19 shows the results of a lateral flow immunoassay for Bot tox.
[0039] Figure 20 shows scattering intensity vs. Raman shift at 758 nm excitation for

whole blood without and with SACNs.



OCNCH 2CH20BOC or OCNCH2CH2OCbhZ may be required. The

third aspect of Rrelates to C5-C10 |inear or nethyl
wheaaoha al kyl units chosen from n-pentyl, i sSPepURL0gH013989

, heo-pentyl, n-hexyl, n-heptyl, 2-nethyl hexyl, 3-

met hyl hexyl, 4-nmet hyl hexyl, 2-nethyl heptyl, n-octyl,

n-nonyl, and n-decyl. Rl units have the fornula: -

(L)x- R3 wherein R3 is chosen from i) substituted or

unsubstituted C -C 0 carbocyclic; ii) substituted or

unsubstituted C6-C10 aryl; iii) substituted or

unsubstituted G -G o heterocyclic; and iv) substituted

or UePd0bst Figure 2h GowGrghtetdand SERS imtapes of Hrife-lagelpds cell, and

equaputed; @Qﬁo»\l unﬁ@dn&dﬁ spcteHdm L&%ﬁéatdﬁaitra‘dre@ BotsNEa BEORology

consi sting of first aspect of relates to

subgtPY-ut ed or unsubstltuted Co6 aryI units, the first

it er(omi]on aguru\/m' Gbw¢ edpadi@s at@irttdveiShEn@SSmifiki@Nifter SACNs were

phenyl huoro@g gnyl, 3-fl uorophenyl, 4-

fluéﬂ%ﬁﬂéﬁ?ie”ﬁ” vt oxyphenyl , 4- et hoxyphenyl ,

4- et 0dXly phBayt 23 showed dpydiphemmpired der SHINGvephengdd subcutaneously.

4- et hyl sul f anyl phenyl, and 4-di net hyl am nophenyl. The

second aspect of R3 relates to substituted or

uns WESERIFGT @Y OETHEANVENT® et er ocyclic units, the

firséoat er atrﬁdémsnaﬁncmp@amwab}al\a&c tomsodfasNdnbplii@eks @B described in

t -
e R A e AR e RN R v R
it er(htn'pmnc Ninopriidesdd peat Swoés PREntrApblidaés Noo 1 B34582h dited January

I‘i n az 0{%) dlﬁﬂeJ r‘%E?g&e%n%%&j%)?&%gc@ﬂ/eAaxg EQ)%[?OQltmdno@lngles and

i ne terocyclic units can
be Birefeatsdate e Petiaaond¥a: HRT17e9: ied é’h’&ChrzP OB Eipd TSypace

ex arﬂﬁhﬁeed@ﬁ&cﬁ@l&b{ﬂ/[mnbw @(ﬂﬂ mbélNdn&}:ﬁituE ROYAEIOS Whh 1s31‘cMJp@ralcd
yrrolidin-2-yl, pyrroli i m dazol i di ne-2-yl,

i mi dES8PY BeTC 4- yi | |n1dazoI|d|ne-5-yI,

pi pe(i(nl]l ne"F}{l?-pyd%qnl pwépleﬁraﬁrb\hcﬁ:e Bevyingthqaiis foe rhie gliepatiba yi Surface

pl p f] fced N&; &Lr cop pA Qgcr Cgll’l ?1( a¥J> rtl@]ep@A QL)nz fd%fe}fulods for
rpho ol | ﬂ and t ran-4-yl . has the

f or rmbaxmetrhéoweﬁ ANy Sush wmmc{e@edgh mmpm%e AR Siagtiva mghal t

sel @19&0 ;91 cflJ Q%bﬁ#&ﬁo]%@%n&&&%ﬁﬁdhﬂ efdf spc'u)'osh)f)?-ra@gf@(bcmcs in
i) stituted or unsubstltuted 1- C10 |inear or

br aﬁ@mowl&/rtagﬁlnb’ylf sur fl(icl ‘)nd éﬁﬁgfﬁs%]ﬂwg&)eglcompmmg a polymer, glass
unSmﬁ@bhﬁuh&de&cE&n@ﬁﬂhﬁcyﬁ$bﬁmmHw)mﬁmb&byhuhedomﬂue

uns 5 {rec{ to iweredm &9 th%fﬁooﬁ%x%() ed} %18 g;ne dce%etwe%T t{se Te?al n%)n(){mrttlclet "m((:ij the
or wmsprokbt fn welcaCemi@doizet @ AGN yémprifdyél) fi mpgkna@ptbgorye (e.g.,

of Rulehat @1?&‘1&111“\”&&@ k&h nadlfavaaluhlauwanmgdla,@nﬂm D Giii)
-NH, said R unifs having the fornul a:

k
TI’]Q a;l ?%S%Jnryﬂglﬁ%fhd{)flocm thedepogtermegylesdn placeide plpg ragviding a highly
c at ewaybleﬁurﬂé’& forl sBse41d asmﬁblblsiahdnuif BidmBEcultR STHR SN ak d dal@d, which

58 llll ?ng\%n k;ra u hlcr(‘)l%acrepyafnsta oefato td ents
|tef ey lé(.‘ﬁl\Cd so stabilize parti g garegation and preven

competitive adsorption of unwanted species. In some embodiments, the reporter and the
encapsulant are introduced to the nanoparticle core sequentially. In some embodiments, the
encapsulant comprises the reporter molecule. In some embodiments, the SACN further
comprises polymer coatings adjacent to the nanoparticle.

(0045] The nanoparticle core may be any nanoparticle known in the art. As used herein,

the term “nanoparticle”, “nanostructure”, “nanocrystal”, “nanotag,” and “nanocomponent”
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i ncludes al kyl units chosen from
I ()-2-hydroxy-1, 2-dinethyl propyl,
wo ¢dheB73384 hoxy- | net hyl ethyl, | (S)- c-butyl, apdr/US2005/013989
i so-propyl. The second aspect of R4 relates to
substituted or unsubstituted tethered C6 aryl, the
first iteration of which is substituted and
unsubstituted phenyl and benzyl (when R4 conprises a
tethered cyclic hydrocarbyl). Non-limting exanpl es of
R2 units include benzyl and (1"S)-phenyl ethyl when L1
is -NH. The third aspect of R4 as it relates to the
fi r gife weshingohapecgbly Raeles ta e Ptes eaieratly @ eipige paripice hvone one
uns ldihﬁetnhBIUI‘h@Q rhﬁ& 67,86 ¢ h&Se atbia odd 1fn$1inclutii(ﬁ£ fﬂy'n‘ﬁ ePfalue between
which is a substituted or bstltute
het dr'gedpd 9% ninilt ‘OEHSE‘B?&“’F‘E“EnﬁE?ﬁ“Bé rHPHE “G.Le Sﬂ'e is a spherical or
pi pelEJrlilSpheﬂea}/bd,mdleetfQ@th@(ﬂﬁlomylra&lﬁteﬁ-lyLo,meanldodxmems the range is about

for B 91 10 bout % nn} in sgmg' glq’bola%emts ﬁlbtﬁlet Jar?ge oPCs)o m‘fil PoogttSO nm (for

rel ates 0 substitute unsu
CShQFfélFPdﬁosb@llﬁ@ 242t 23t % Bered’t28 %9h@ éhﬁhé3l3|4n%ﬁfg’7 38. 39, 40,

uni t4,l 4I>IH'31 4403{5 Wey7 Qlf8 @ &%b'ﬂbﬁb e/(}f?soHSB ctndnongcl%s may have a length

non- | i n1t|ng exanp this iteration are chosen

T orHb BEH 81 v SOYREP e BIAT TS ARG & e

t et rdaﬁkyiquwmane the et hMl/hlchaliHZhamp)ﬁrﬂhe Wadpréduyddmet thy/dase of
délgléonlaglh{'l?n()pdltl Ifes 1 ognr g?@%h%ﬁl S, thF gﬁlopdétlocﬂeshldss% di%rréeteor](\?ridth) of

3@( R@))rzecs ]mo)her: qq%dlmean@em)mop@.lcle IR5 a thmhyrd]f é@bnn or less and
O %soﬁJeléMl)odeerntst MRafeer Hm()bﬁmci)aﬁssb & Joﬁl% @rﬂb&dmtﬂ hﬁc{ Wltdm 15
forma car rbonyl unit, and the indices x or

1. \PRERendSgm t9,3( Oglrrédﬂlgmete&b@iufl%s the Pﬁ{lp}w&lc&rhahcblen%h of about 10-
abseﬂmmnmhen X or yis equal to 1 the I|nk|ng group IS

pr ei (E] L1 anoparthoetss 1enaa§ elg(gtroglf&()llc_j)]ﬁh&?()p%t nopdrtlc %Ef?udeﬁ\o loidal
f|r$RMim@pabr@hdommbh$smaspecvuoﬁmii<mahamg9rmsﬂmmg

Cat %gﬁ%{)ym(!les sy Eth(gﬁtparﬂaaeﬁ:}tdrooglk (c§l‘imds%p6:a9@ dand e let *ﬁ' \%ﬁ be
iterations wherein - IS used to R4 unit

whi @PPreciEed o pstal piginany SBH RS |“f‘19?‘k§‘¢?’@:fa"(}}1@ iPp ﬁ@tsrry of

or bﬁ @mhadd e @ ambad o WAkDS, \Mdt; hnsw Byr&@IIE cubes, cylinders,
br]-substlruted ur ea scaf e non-|i

1, .
exaﬁfﬂo ClEFS: PHRRRNERA TN ES "3 RdP '@g‘)pém P TR “?’}08%1‘““’
I ( S)caﬂi-rd}b)&d{md(ya-no;imﬁledIldmpdal)ﬁhmd)miylbpdrtlcles prism-shaped nanoparticles,

| ($agd' *r!ﬁgﬁgf’ol ePFe%HXI ?E 3{101’1 g‘l.om(ﬁ;l C}ﬁ\ &C Ap Be¥ ClBSS%PIqanOpdrUC]eS

i sopropy er eby” provi Bsen ron1a un
chog@hhap pespyieser le? mzllleI?*éWb tepnabiiuriece gk prhsgsy nediee h@low

1( panidth@¥ous br Qﬁﬂ Ml)@ﬁ)ﬁﬂ:]@%WBQm@l([@ LTnderstood that methods to
sec- butyl am no, and Iso yl am no. A second aspect

L1 PEPYE Bticles of (Rese shapsst: 4 U’s“érda‘ 9P twe%ﬁ&%ew P‘t‘“%‘ﬁ&f
het e}fcmyﬂlle‘t ﬁa\’d Béch Slescitich @1 ediithitila. &hiret hydzceg]ﬁzedl ﬂ]ldltpdl‘tlc]e shape
non- I 1-yl,

pi pér
t et maﬁy‘dmbq@yhfawemﬁ Ihapetéemeﬁ'ahtymrowﬁrnaﬁdbsmwfmmrw burface area
nor ghe lnbtr?oeﬁ' oylhe q%ﬂoﬂ&( m%larltlae 4 ayrlaﬁ%gnyllz The anal ogs

(coqﬁoun 3% f esent jnvention are arranged into
sevel'dll cat'egori e SER G TG RIe ot HBETTO A PGB sesess i

apphiytboigpiapdralds Q@ rigyus Nekhg nsl patiedyctaed dil@cement compared

to spheres. For example, the so-called “antenna effect” predicts that Raman enhancement is

da%)ec ril clan %ﬁ% € ph SICAMPLGLAI an eleﬁromcehpac eris 1cs 01

expected to be larger at areas of higher curvature. Many reports of anisotropic particles have

9



preparation of anal ogs which are not expressly
exanpl ed herein. The arrangenent into categories does
woodociongaBy i ncreased or decreased efficacy forremysms/o13989
the conpositions of matter descri bed herein. The
conmpounds whi ch conprise Category |I of the present
invention are N-(aryl or substituted
aryl)-(2-substituted-pyrimdin-4-yl)-N -al kyl -ureas
having the fornula: the first aspect of which relates
to Runits which are unsubstituted C1-C4 |inear or
branched al kyl. Non-limting exanples of RlL and R2 are
def iberadechmslyalesaribyd] iosinding ARatyisis 4nd “brmaBidE Au uRF@CBuch anisotropic
ENONGER, SEFCHRARERYACTHYEr NP T NNRIARTL GRS e
GOVERNMENT LI CENSE RI GHTS [0001] The U S Gover nnent
has“HmﬁQPd up license in this invention and the right
in I[o(m]t edAmdua;umtl anicasnah@ods@gy be goduael yateenideg@winiai into
Lg lpr,ﬁ:?onnecﬁllummqftel&)l?tgs 1rn§on 1“5&Twrtt§@%@?L%&gn&wfi%)ggrc%dgsI‘@
NI HpNGEesa ek, @WPMNI?WB&P@Q%RaMFld@dRW INisSTB. Pt EeD-;
OF TG IBNVWI)QNE[ C@ngcl‘ }Ihkéauhtntelﬁt Nan heh. a‘glﬂﬁucrometer metallic

general [y 'to submcron_sized [3 ticles or |abels that
can bieodwyTeas 0. 614 hn4doValiemt Py Neripn $ e Befasnshan, A.: He,
ent iLt;iceso0,05. Fi ntc&;pesm RO, Pt ReNp, posseﬁ@efm an, R. G. “Particles for

guant ti . ation, identi trg king
Nbr énulltlgk cla(lcdlrjziﬂ sm m 909 uon dlclc%uon ai doldesr’lbfci_d%%neof é[l lﬁed metallic pdrugles

s peatmg)@oarbyuca@tqpvéf\wd nPogi 2082 1A EEI2H cTies:, Naretarvodfs particles
of %rﬂ)?’gg?g& %tﬁe osttgﬁ infﬁtgltn lﬁ%@ers angatéﬂﬁﬁstéﬁéuﬁ R@ and Ag, into

parti cC
FI u@F&%‘@W‘P"s‘e‘ﬁP'ﬁ?ﬁ ﬂ\’h‘f‘yP‘ﬁﬂéﬁ‘ﬁé"dW“ﬂAﬁr“&’H‘"b(idé?ﬁﬂft‘é'émr%s
areaﬁgr@@ma> 2ndnOHankhbtahed idieiagcent tags are used

R e A T T T
and canhn&t inohaltt fienctappies, eedeswingl, Onexaayplol in Eatripdnl Oofn some
spe .C

Do B I R 101 R 0 b e 1
evenr&S0ngy dnfeamivpng eoplaes Wi hispdmessenkiee ?e@@@ﬁ@m by several

ene'ré]%rcmr&ﬁﬁﬁsf &hcH ERis MRhabymeNan av@ﬁ dbMEMhis hﬂ@&%&bbd’]mem
the di stance between a fl uorophoi e and @é{?ncher

to HNARGUE" PHVIEFHOTEOEEHER tcélﬁg‘ fsporty ftal into ; PO“" of a
at t &cm’(pm&nmc pdre ﬁlhrumr@phmb}es lek:Qh:SILB0D & ecadinizida@eiyiorE  kensd
i klenvz\lnleng “g%%;lédld eolfls Sl [Cl% late q,%h% ]Ln t?el %Orggléllé;gﬁr?tﬂe%%%ng oﬁsmd first
beemaggddnd ‘@ld\ﬂ@@rhmiﬁ@eﬂ avayey fagidgia pledtfoghepiicahtirgreesgebdnerate a

and sé@n{eﬁly@b&y b&EME hdhoPIrRGE iﬁlntculﬂtng g@doLlﬁmm d ﬁ{cg%l%%bxteednd
their nunei ous strengths, organic fluorophores have
sev&FAring Pegeeopd msgal (“I“i ”"Tﬁ@?l‘“é (! r@mﬁf‘@ Pﬂ%’/‘e@‘ﬁ% B‘E‘b?‘?“ﬁ‘? panppyrticle
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tst]gaeeoﬁ fgur:denag(a) 1&1cle$ds t ercp%ia(é#ﬁgt/\%ﬁu b(élter:c]]&desc (réf%jcglﬁt(he template
enve‘wqmeldesofb% gaprofhiced. tThngemh@mnmmerepgﬁedsp@mrntalsd pents

oi t B?&%@ﬁé co&ﬁtgﬁlogl (TI'JQBM Lk%?e%ﬁﬁ@% 1ht§OeF %W e‘éf'flll Iax¥i 1000, and

exci VI Si a 1egion where biol ogical
s anpPBselERhirg the feﬁ‘!”rdfen%‘i’fé‘*b%%@frbﬁbﬁ drefradeicéscence (iv)

S' ; E@S@nt 16 @hﬁ@o@ﬁ@nttb@g@ﬂ@%ﬁ& nlgmne Meli@Vee APSkintely 250 nm in

| er ent uct ures an ca S .

ecASEFEHT 15 1 PREG PSS ACH ot P oA Faggol 108. Fiewe

pr ott € @ldPB show a view of SACNs prepared by this method. While these particles appear to
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[ 0004] The devel opnent of fluorescent nanoparticul ate
sem conduct ors (quantum dots) has extended the utility
wtoobheasescence- based optical detection tags.PCrZusanns/013989

et al., Science 1998, 28 1. 20 16- 18; Bruchez, et
al ., Science 1998, 28 1, 20 13- 16.) The di scl osure of
Chan, et al., and all other patents, patent
appl i cations, and publications referred to herein are
i ncorporated by reference herein in their entirety.
Quantum dots exhibit far |ess photobleaching than
organi c fluorophores, and in the visible, have
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endoEfbegid n@lpfeav@a@hé ehrfages byiap eXhplispro ek dSER S bahevior.

Prot@isps Ofn shrh/dnfiBdiGBhid, She iIRNRM BFovidlsEndidl Iémﬁgmltnhgamo
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A L R A A R
guaitteymmedhotre sciaientv@m&oj)dby]ethnsahﬁcfoetpbqn@m AZBAC, and upon release of B
el e%ﬁ({tﬁ@@l’h?ﬂgtl& QQO ?#}t?cleg gﬂ?dltﬂ ro@n.gcg? e’ﬂ}%td I;]iuons can ere eated to

M cr ol njection a ry o una regate ant um
dot genepigtsegnieniy haygeithy] Comp@é'@sé‘\%qtﬂqqlmgmw@hte@kbtheen I'and

Addiibdoomalubdh relt REFIP MY rehrPlaf & PRAGII 8f AE 1B pldilickd. ARtontean
cause dggradatlon of the quantumdots, resulting in

spe&TVﬁf‘§HNFF§“5%%“@y?8P fTity. Likew se, the

I nt [@@&2ict | Arording mebat cradopar. tihedhes inchtl@ aciedst @ie blagent selected
been .GJ 1. bel

s UCérglggl?cg%*lgfcﬁfd%ﬂ?/gétﬁ%%lgl%ﬂlgxglﬁ erle lc%)rﬁT(r){]\é\yBknO\rvll as meldlslgl'él& metal may
whemckiberitrgly agingle olspopyAliestiglyedic motalayabi A eomrhifeliergf at least

upt alcfe1@fens Qlléh()cllﬂ eraelllog(%rQXmP%rd%lm ﬁﬁl%%%étm ﬂclh&%loup 11 metals
cyt“gFasnl Fel dherr. et al (.

1- 8{CypdhS W org@py gfer meﬁ*“éé(rw" Bgjtlgre skdlgq in ”1%‘ to @@@f@%ﬁ
The [@63) was oad\ea]ra&mderhyma BxketﬂgnNu(ﬁeﬁ-aGmn@ﬂnﬁdlp@ﬁhtmuch as in an

pep%f)%?ﬁp% ?ele}dﬂlc ¢ ggl%dpwuc%lreesﬁd]pi eggﬁaa\:ngeeﬁapel r{cd¥0nhave widely
t ak emaﬁhmmlaqetmfremh@ccst(ﬁmg pllasivoherr é%f?om&?clé Mohwom 18gssue
and Au nanopaiticles by nDdlfylng them wi t h bi ol ogi ca

nol ecul es to track the dynan1cs of

menbr ane-transporter protein on living cells in rea

ti me The absence of phot obl eaching in both techni ques
allows long-terminmaging wthout any degradati on ot

the particles In theory, particle size shape and
conposition may be controlled to allow rmultipl exed

pl asnon resonance i magi ng experinments, but in

practice, the width of features coupled with



particles a given size reduce the nunber of colors to
2-3 [0005] Raman scattering is readily excited using
wonentisemat i c far-ied or near IR |ight, photoPCT/US2005/013989
energies too low to excite the inheient background
fluorescence in biological sanples Since Raman spectra
typically cover vibrational energies fiom 200-3500 cm
", and since individual vibrations typically have very
narrow bandw dths, i e <50 cm' . one could envi sage
nmeasuri ng a dozen (or nore) reporters sinultaneously ,
all with a single light source, however, normal Raman
“i s verly2angdk) Alemativeinghd coss/Apshel] mayicfe@rlikgglgseidppcribed inJ. Am.
bi o@fah sok.6801, 13965l Xu bdde/RERRRI phRLIGCH B Scdrdsh¥iBEMhbination
close proximty to nanoscal e roughness features on

nobl"Ekfee AFR S e cybledsds| ”\?b&ombtf‘dwmtdtgj? (pus ngrgre-shell
t o phdidibsQReindi@led Mithit incantidrobudh hivai- 665§Sdnb|k1ﬂ&qu1&5011dlchd

enhancgﬂent f go ( EF) qu?cuon 1zedtTe(5 d(?\ ngwdlgé’li?l}/de upo?d Au

can A HE QA Si'ecul es’

|ndmmwduamﬂwEtawenmn@pawmp@t@slamdchassbeeﬁmueedwﬁ@)Au
demmbm&e@e %tc@ﬁ&ﬁ%s%ngfes Ao R & chRhAaR YheL SHYMARY

present i nvention provides
a nétnhr&ahe”téﬁtfﬂm%?"ﬁa BRSSPy e o 8t aoldasiaprse S fllogp. (Sec. e
| nt @acﬂsoﬁ(}:ﬁ a. 9(504&’rchm)|Aald€im tvse. pore): (ﬂ?%\UrB]l &ollol nabpactktles

s than 30 OSi ti
nat éltl iéﬁ hol ﬂ\f' bdngg)h €S a8§ ?(Hl% réocalgtf\ls ma¥ %fo be uhla/cémﬁl?et CNs.
dep@suﬁ@mﬁydﬁpa$m¢mawbmnmepawmsawdnﬂmm@kﬂnawena&ACMnd
sai d, secand Jahl ?Qllclé Quel fx[esﬁeRfsaJ; 2931.% ne.to%t LOosh&ocsHRs.

processes to ate a segnented pol e-bound

nan abemprwcbsgﬁsée@étof ﬁ@epﬁéclﬁéw§F flgnepastesed By patuicturingfqtches
rel gagise garﬁ@ésdolﬁ)elﬁ@ Ao chRtreprb@buravd SapLink @BBERS 8gral 0 Me
sai d segne d, . poj e-bound nanoparticle to generate at
IeagF”{&ng?g “H%?%Vm%anopaltlcles The present

i NnVEousdlon Mbs@ls prr prepadies SACNedrfdicklosedbinbinitesli Steges @aters iNag
dep?% 1 J769nA8£1t1c§ml 1erllff)%v\£?5 @Jlosécnfcpe nalnplgﬁ ﬁg ggﬁ%xglﬁml &%, The

t he bore di anet ess

causrhys Géﬂﬁe@,i(’th?rem dt?fph‘efo‘s‘@@dﬁd“%@th&!” siaml élescain@ peimallpfable,
sali dh(mmgalr@ @fﬁléﬁﬁ%ﬁ(‘l %1@(%9{9&0&)&@0 t)dl.@lbt]h_}UQS dXphiREd iRExample
intg said pore of said tenplate, erein the

dep§S|t|on of at | east one of said fust material and

sai ghossc onﬂdmﬂtecrri}zahmd aval stk araslaie ueliett preehendeaah
p;gg%glﬁ m|crca }%gr? e (? Nﬁ’)% gsnfqt bls pyrgolzp?h Qg?@%gj qtéino]inethiol;
firge werwwlaﬁmmay@e@aﬁddwewahmdamﬂmﬂeheaérngeaﬁ@nt

thi nd; sratel mx@he[eﬁmd&@ad%oxﬁmé dhige; E@omlﬁﬁt.ﬂn@%gﬁmmm achite
por e-bound nanopartide to generate a at |east two free

et awee'hla%bfarﬂtdfec‘wé@w"%)e%ty i’f‘pi“ﬁdsfﬁoﬁ’ﬁy -SgloF 7 {ifferent frppragrs are
and sigoinGh BEQGONG iNBERthal (RODIGra TR @ispice SRNbati Ifd’i‘éﬁjﬁts;l)e@das there is at

glptsl?ﬂgrfge\égdgg l?s J\:‘e%]':é? o dﬁltlogﬂgﬁdggtsp Ult R)II % glgiélea.[‘rg:por[ers are

pr epardud bytova nethod conpri si ng renDV|ng mat ena

| pey@6a DI o RO it On: tehEin RRHidH fFd\RieSHEABE @onsﬂds.elhggo,fe B one
course of preparing the SACN, wherein backdround

si gfraprtest Thearagaraipe Of pemh SACEdbitssdivebimFaerk  dn goe embodiment,
S pe%VSH@N@@ﬂﬁﬁ@I B D VaRpHONd ®EPONLHNQ- IM) MdY)ERY 1408 reporter,
not m zed %0008 The present invention also

proﬁ? ™Y REPHEY /BT si ng reduci ng the backgr ound
signal in an assay utilizing a SACN particle, wherein
sai d ieduci ng conprises rennvigg impurities froma
conponent sel ected fromthe gréup consisting of the
sanple to be



anal yzed, the SACN particle, and the assay vesse
[ 0009] The present invention al so piovides a nethod,

W@ ovp/7EBNg preparing a pluraht> of SACN pai tPORES2005/013989
each conmprising a different Raman tag, neasuring the
intensity ratio of the Raman tags, and preparing a
second pl ui ahty of SACN particles having the
intensities of the tags nornmalized to that of the tag
that has the weakest intensity, whereby a plurality of
SACNs havi ng substantially equal peak intensities in a
Raman spectrum are prepared I n sone enbodi nents the
t ag$00atle rieral 4 treldrdyyd perajparocinigd BACNER Substratgs that is typically
dec hi&em %gm%umt kllyanoﬁ"hetp@&emmgiu@ﬁ rﬂsotd?@v (Q@Fﬁ[lﬁ&fi?(q reduction of
quantity is defined N%Hé e inverse of the intensit

rat PEkgpPudiigesl fray SOENEHAY b TR e Ak exPitiper Fefogst fskeround
errb@@hdnﬁemxt sgarhe f&r&gﬁnp@er e BQ:Rg‘FBMdZ@ﬁhI thl iy @paﬁ LTUD0 SAGINSVhile
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I SINng a nanop al‘fIC |'e Tore, Raman- acti ve
r epSPRIGEMAT ine¥ ] @lchahtum oushERie [?P‘éYFt“Cdbﬂ%Pab apgggagrplygmprove

gr oup d&erlceﬁtse)ddlff&@mslseh@d ahe y@see@m@m&mnmm& prafides Blethods.
grou u ,
O ERimEne ettt £ o Pk R C R vy
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g ng'the SiOto
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an activated SACN i

v ettt St subee i BT irtaped el Ao, an
CONpdptSilg gaeaemaﬂapag titrafileaian RAMENdiad kiianesubBpoiot.@nd/or

mol ecul I.0l _nanoparticle, an
Slcﬁﬁﬂgﬁhhﬁﬁ%ﬂf Eﬁgeﬁk%f%ﬁgllgﬂle sel ected fromthe
gr oU5Bondios examgleof tha cyse of aditpraldivgk immmupunabsey. goraperebubstrates are

[ Ooiaabp&!aeyvﬂm%mlﬂaony@ Btd RfbcAluRRe. AT RV b&E Foufd mtnh@@enulme is
for detecting an anal >te conprising obtainin

bi oH&HrRisn t%‘ﬁrﬁﬂ*@'“'&h‘&"é&‘b‘ﬁ? 98 PHOAE ¢ ef ‘%ﬁ‘ﬁlp ‘Hb‘ﬁ some

bi oensugatad, @A@I‘ddmmhd (&blng bakgmmmheczuhmésroatonbmds

ggl tabpgsi,ugectg) Hgé exutfltlo(r:} S%}A(‘éN dl nl%et ¢ l(g(ﬂ*r?'lés}eﬁ)tobw (éwctr at lhe sample)
al so fgus/i. dl"éusugh trpet dncoldy R@mmfpatgﬁmglhc bohtraowi thgv oaldblllty in
Sanmle%mg qg‘rﬂ@rghmuﬁ)to anﬂllfﬂh lella;ﬁakanél/extiﬁer\(“nt &cn@&se the overall

| east one specif bi nd |ng paitner to the analyte on a

| at Bchgrofnd wra@fé@y e Rorad @ 1o M1 SREH ONItOFE! A rOH FCES: peither of

t he wsRAkBRaycdpRWGIAUEH Yhan Sk mﬂdham anusSInbvalexShties B Meaidny. A

to ste bi ndi n | east anal te bindin o
pai f' 85) R&f‘?"ﬁ%’"%&% n g‘ﬁkh‘e P t ‘hw‘ thgt ééﬁé‘“s“u “g‘fﬁ‘aﬁ“ measurable
mhebabyomheapmeﬁeneemafwmﬁESamatytamnavﬁ@MeWﬂrnEMdemm
the SR8 of¥ndi B! 05 & §r!uE¥ nBdrs. pf!(.?l%t%ﬂ%ﬁonqlmeto?‘?sc%b %L used
whefl eb the presence 0 T'east one-analyte in

sanfﬂredCh sch'ewelr riherey d[ﬁomzzq InTFRy@ 08 figNg B3 USE W@h‘ﬁw&w Rdl“S‘b

pr OB‘icﬂﬁ&na fi th%Dgtz sERMThd qil'dlngs-hd@lﬁ Qi hd&@gnﬁdm o ASEOREeline,
coupled to a

canmera prov ce
t he wEgHs CW t:lh\ssa{ldel hé%@‘f‘maﬁ’ée lg’,&gﬁ?g"égé ng 'B}foué)}n)a?kéroun(gcan be
specifically binding to the cell or a portion of the

cell, providing a 3



wavenunber filtering device between the cell and the

canera acquiring a plurality of data sets, and
wa@s@entd4Bng the data sets, whereby a spatial prof/UB®0®013989

the SACN is acquired [0015] The present invention also

provi des a nanoparticle, a netal nanoparticle, nore

t han one Ranman-active reporter nol ecul e associ at ed

wi th said nanopaiticle and an S1Q2 encapsul ant The

pi esent invention also provides a nethod, conprising

contacting HAuCU wi t h hydroxyl am ne hydi ochl o pde,

further contacting the solution resulting fromstep a)

Wi t Hubdragigddrant ey, tROMESEer €f 4 et usabifiaghg roandlinpitpdnhgBIc] times

wher,gbyin Qosgl@iy@hnﬁﬁf@@t@@lbﬁ biGHage qusn[mbmlm@ﬁ@h EheRr esent
i nvention a es a rovi din

a gd¥'h an'(ﬂﬁé‘f“f‘i’E'IU\%r“B?“e‘ﬁé{P‘eetﬁfeBy‘g? ?fék‘ﬁ?“@@frﬁ‘ﬂﬂ"gde‘ made Wi

desmumb&dmmﬁbngdnnas$eamahmm@tanﬁmnmnuamhmmeummpmM¢em1as

gglng)goec# ? Taéems %ﬁ: écﬂ@)p RA" trelse%k)mven?%l'&)éﬁntfs p%]?téqg(grorengdifﬂ(% of

pi ederkeropngysindliinonRagiag opepvmged@ste@bw%%@bamnpw@ preparing an

Comf)ﬂlrﬁlbgﬂlgiA@l\aQ/héQE anpdpgm%(i %C@W%stzﬂr&)b@ar 1rﬁlecule and wherein
SERS- active reporter nol ecul e associated with sajd

ani sot FeB?iTe&‘“ﬁ]ﬁ‘t”éQ“?fﬁ‘HS‘b%[f"t jodpearPogfiesrn B QRIS td N Ny he

ani geierapj CRAmeh @ectnarnﬂmathdlo@dnel[z&me@jl\l Whereip b&ggind signal of said
gg\r/n%aetc{rg?nplsar‘edﬁc%d@r oV gﬁoaans %Cérlgltn &Eriera?e%ggé;c%geg;g}ag% SAtCON \ghich is
pat i"eW[”SGGhnI ng the patient using a systemthat can

per g SPRGEhAmbomRGh he nals}gveg %ﬁ@N@Bfl lmgpr@;elﬁ REEdHoH Plo®ilic an
i mage of an i nternal reg i on of @atlent . he present

i nveREREA SERSBEPEBRER gtz H’e’t"ﬂBHSAG BT &g particle sizes and

[ nt IsEughes), ﬁidragceaalpwmdoh tvyvle]gtﬁA@blﬁdrﬁ@ers@&Elﬁﬂoxﬁ& l@ger SERS signal
pat I gﬁltA%\RﬁgarP%/]lgl Xnépm\bno tﬁe re?rocﬂuc br{@i of '%u co]\?&fpg}{them vhouggiﬁmgcted
bec onmesuiissBoeratAE ¢1mil®tem®eull@lyasswcseatuedntwmwvmhenethods for
abnq)rﬁﬁeved R@tcgllg)l (R%{thesﬂngnco& Iﬁf)lpbﬂgch@r}ndtmgsl (@g:rlgefd ik B)@dmple 2.

assocl at ed CNs, whereb abnor mal pat hol ogy nay

di aghisgethog (9‘9‘1<‘7‘]0“T‘Fﬁe“0;5|°é @%w Npo/Ene rlwléaoé’ofoifﬁ%s%r@é@ma The

met hlﬁlgfmfe@ melhade Ilﬁol%gdca@ a0’ in Wotehn(ﬁocﬁﬁ}s@_m? paGRIEP ivh&l B@ pared
i ntroduci n

|, Wheiein said
|t Foatie R e aab PR ARy i S i g e
subeati@mepus i npl antation, intravenous introduction
The (R]'6'te]senllil ah&%?gﬁﬂogf%eﬁtl § ana{ag\éleqa%seain %FAEQ S prfpared by a method
conprising contacting a tissue sanp
one HNRITOE 8agtiengagrrngalies cosmene! ﬁapﬂ Ihé Fléfaéea(pfabﬁé nggpparticle, as

Spee frk&ah Ieydlbf(nqiangpv,a,(t,}r@umss UR9sMWI(S, 788k (10 expected
ach|r|n Raman | mage

ti sStk? Hondrednd ‘é”bdo‘rﬁ’ﬁ‘ﬁﬂg%f‘f‘%‘&“gﬁ\éf\? §5ared e IneEashik PR w sienal
[OOﬁahsmhewpmemankmkmmanmnmmhmiso p|0V|des a
P:gi@%&o]alecllﬁgﬁme €m unsnésn Ig‘lé lIlOVCI lOﬂ prOVIﬁ%é]EF}]eHggfggé Ell’an nﬂdeportter
Wi t fpadiag wdéd?v@pcsmm SAHA¥ro [’fall etdﬂc"r:@rtcran@e‘awlly mcomomted into a

Si Gﬁﬁ@ﬁa@ﬁ WL aie &)Qgé-r%lmeﬂt&ecom@%emmca W@ R RO AR f

a nmethod conprising causin eP05|t|on oi a netal into
a poPeets Pé“‘i”é%‘l"%’f’%‘d' sprfpge %6?% he Siheelis 9pPikd-ch i s

| es m(%han 13 G&ind BMbe@LIBHLY) gAdsp@s prepadd wadh S20, sﬁa‘ccmm} molecules that
gg;)gzgsn: ?908! or\)ltd?thg Iarﬁanqot} Pncl)(Heety Sﬁllls m% qgg}é(iu de.u({ in mcrefmrg t}&f:rk%RS
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processes to generate a segnented, pore-bound

nanopaiticle, repeating the step of deposition of the
woredoalo734and rel easi ng said second materi al andpGBEUS2005/013989

tenpl ate from said segnented, porebound nanoparticle

with acid treatnent to generate at | east two poious

tree netal nanopai tides BRI EF DESCRI PTION OF THE

FI GURES [ 0020] Figure 1 shows a typical Raman spectium

[0021] Figure 2 shows a conparison of SACNs nade with

five diffeient | abel nolecules Fiomtop to bottom

qguni nol i nethiol, nal achite green isothiocyanate,

mer d@p@@fggqﬂa@ﬁed}a@@l groupp) prgi(c\.qupy §d}y Pheesrips theqyeh the trimethoxysilane.

Bodi Ry {uQQR2dio Fhrtdis6r 23d 5B Qwa v@l@ ﬁ-&hm&; Itmmlpaé o ﬁmcyon\(ﬁe Au
Raman shift for PVDF, nitrocellulose, and a late

al
f 1 oRPHEFHOYERRC ”f@@%iﬁ’f”ﬁ"gﬁb‘f’% shpuldyhs ey uhlg. tCé’imi”I’?Ei“”'y available
i nt enzmbt \jbr v&ml'p’armfna ﬁhlyfsburcfe(ﬂ’)r sghmasatang bejarplidasle sl ia@&slar
[002 urleS ] f nanor ods prepared
in a so?rg/ or 0'ba}%’( dqwf‘és?fs lzél]e '6@5(%]% @I gure 6 shows SERS
s pecinmta)pwmmWEQEU@A@N@lcmbﬂawmqhxh@m@m@%mp pd p-
eXCIatrmoE&nyn{nHeaggywﬁhe ANELirBrex RN HILAS. alfé,rar&mdaz@fee B)

[ 0026 ure show s Raman ‘spectra of

(dad al | Hé‘)‘o"&‘i’i E'“WdW“'SA@BﬂgP“(‘&ﬂ i epareq ‘r‘ﬂé') fﬂ’@??'?‘f“ve polymer,

Fi gyt a8a shmmil)h@renwdpamnm a ;bﬂ)atdtynenﬁmlr ﬁ@phle@e&o Wach fo@mers
ngz?rdircgnl gm e?mon C{g}gon\//c gﬁ(élpss ét}cﬁ%rzgnrlneq or tﬂlok ég&jﬂhtaﬁ:ozs]

Fi gulrasorgugsiiowse bilovoar for yadfmeSACNE:pyecyreas upng  si gnal

af t q606§1xp0§1|oﬂgr @ é@t@ml AR oyﬁmn% @Mttﬁc lglfckness of the Si0O;
excitation power [0029] Figure 10 shows signal froma

sana by Edicth i SO f S92 SRERY Gxposegys frgm 1-40 nm. In
em tgtne@lenhuoghkmg ,0R30), eH‘ddg‘hﬁl'aﬁt id3- 1S hwscke Whileneosfic ibpdsable o
to ba u reparatlon

Fi gd‘?g hhsﬂf;“yaa éiﬁ&]et” §"&W§? Al AR5 f%[“ﬂ‘n’i“”‘]nL the
exc nrttaimxm thefeoud. 30 rmeamtlo@OXBO N im iporpauttn tied $Q: shell to (i) protect

i el Q}?esh(?e lk(ﬂc er'ﬂdﬁ 19]%9,?11131@(.%1&“9 ttB@ reciprﬁgﬁs%@uon oflgotemml

obt ai ne nm excitation Of 5X nm and

Au p@ﬁcwle1t%f§repleprerag@aal|Sﬁrf‘QsN“P B‘@E}Qﬂ FPyfece @ biggionalization:

Ramm/&m@pﬁrs@nﬂexr@w@dn@tcedaﬂj&dn mRraxGisr@tds oawah the metal cores.

65X n] nmA articles rel ea in ,

[oogé‘ﬁ‘ Fi g *1% @Pf8 g"“}rﬁﬁﬁ"*‘ﬁé‘géona’r“ei\fj’ .ba*a%on spherical

Wi t ha@hartidieschiag bepreparcd @bigpsett drystaMiu bri Aginasorddd BTishetasodaposition
1

et SRR DA S AL AL QLB AR M o

i madges tohrmEEHmes tRHOYsm and mSh@Ns PosBT ofhgrpnerodse Ahe SERS

and ;8.8 UQW[\JWC&H}EQ:@@H%& Qo RN idercdRA i MKy A s ystalline. 1t

[ 0036] iquie |7 show Raman spectra_of 250nm x
250 “rﬁﬂ“ﬁ&ﬂ y SpRIdhag the oRitKiah B i BEs {2 B‘f‘f‘“’é‘fq“@f?“[”b'@%“?]“m“‘
Fi gudgairck8leahvavdsitidhent fe@sldivioSerpitendial pREde &iyNel€rodep@pioayf single

sandw ch i
crystalline Cu,

anadsﬁc'ual%nowircs was achieved with reduced metal ion concentration, low
overpotential, elevated temperature and addition of surfactant to the plating solution. Wang,
et al., J. Phys. Chem. B 2004, 108, 841-845; Tian, et al., Nano Lett. 2003, 3, 919-923.

[0067] Commercially available templates with pore diameters of 18 nm and 35 nm may
be used to synthesize single-crystalline metal nanorods, including Au nanorods, with lengths
between 50 and 100 nm. Evaporated Ag with a (111)-growth orientation and thickness of

200 nm may be used as a substrate. The electrodeposition may be conducted in potentiostatic

15



experinment in which IL-7 was titrated [0038] Figure 19

shows the results of a lateral flow i munoassay tor
w@dzioenmd3d 0039] Figure 20 shows scattering i ntBIBU$2005/613989

Raman shift at 758 nmexcitation for whol e bl ood

wi t hout and wi th SACNs[ 0040] Figure 2 1A shows bright

field and SERS i mages of SACN-| abeled. cell, and

Figure 2 1B shows and Ranman spectra from untreated and

treated spots in a histopathol ogy assay. [0041] Figure

22 shows a spectrumacquired over the liver 45 m nutes

after SACNs were injected into the nouse tail. [0042]

Fig uiode Dgusiig @vigergncs plestedaur A gluiracisely HF OEIPOSATNG g deposition.

I Nj 8ghedas &h@%@nﬁl@m&kmuuc@%&}ﬁ&lﬂl thte%&bﬁrel kaned to

[ 0043]. Surface Enhanced rg scop% Active go

Nan3paTE Fler e e hdedFip ﬂ‘dPWW@h‘fft‘ gt &Pé"ﬁt"”“o“ TEM

No. v6l] lehl (6 danoent biucaet dnENryatEradtiohaag Bdsed to detelmme crystal

Spe e le Unj. t ed

;%)égl(?%%?g%%m g% | bg??fgﬁ Eloﬁl?lisglﬁéﬁglg ‘%rkcclcs p%l’ pOCf hay bg

J an nyfaciged @G@Blcnt@ml«itm elchu mamipds senarage hamee(do 20 nm) Ag

Spe%cfn%&%b(rhe%(el(\/ﬂ)@%‘m{?éi tll?thN@KStﬂﬂﬁlId'b@ 8Sible t@&%plete fill a

United States Patent tion 60/ 5 7, 729.

NVar eﬂleggné tﬁ@@&tho% nlh t{)c] térap]dtwefté@%x Eﬁ(l)] aqu@athlck it would be posmblc

Spemt pra@me:aye Bat 400 e()(ﬁmﬁrmspztrtmelklamppﬁr Thecdams (poleaa)@lbtld)f

esgeﬂ{o%i:pﬁ)\sllen tgchg‘ltq&:e ma 8 llcr:]cgt%r Sﬁ%}l%ﬁl%d)? RF ndr\[t){oaélb);l using Fl 1) Cu

pr e pasiadtd @rﬁheoﬂe@wlff a@@bEmhamd@E# Spect roscopy- Acti ve

COIT'@Qﬁg]t € M@R%Idv@ aﬁc(ls ((s e-xpe"ﬂnde) %ﬁab@g&% ndl%ods may be -
preparin [ npr oved CI\E UC nanop articles

ach

Comgfep.g lémsggldé[&tng {})@ s%tombaslqcéﬁelb%rﬁ?ogp(éby l\gkoobakht and El-Sayed.
SubmuobRYER .. aniBNyaly B A. Mepmli&uahcagfe\wm @fechanism of gold ndnorods ‘
SPECLEQTEOPYARLENS SRECLSRCH 056 PLEK T 1ot hpny

ot & ehcapsula conpri si ng a
pol ymee of ghesd pfeBired in a s@mmafh)yse(l)tnht@pd idshelve ot Ffiguge 5. In this sample,
nat %{e a@élaﬁe-gg o?odm @ﬁl%ﬁm ulg@ 18 Qrgg(tsbgﬁlqu}/e ﬁffth'ex\é% JEPWE&UE
(ref erred to herern as ‘reporter™)
i nt &pfalenin ptide gt dﬁ%é“‘?ﬁef‘a’FC“r‘i’éﬁl‘jp‘i%fF‘f“l‘%‘l"é"@ﬁ‘d‘b%*h golution-based

encaﬂ&uh@mmdahms@leawpar@@kolaﬁ&odl ment , a SACN conpri ses

@6 ot Iab é"m(?]écb gr}?}froigim%methg ﬁlr iemdi]\@gléon Y Hir,mgt)md f(gr red)uctlon of

Vi bmwgmmlsl$¢lgnaRamrae speangh denéritdd s ASINGY Co&lﬂﬂﬁl@ﬁllﬂpal’mtg

t ha [OUIN

al Stgptllcl)lr %\%i:&i\lcrll\%ager{w lﬁ({({/pﬁ@gmatl bl giség aqge o%én%p%smg
Subgupyea Mmaey VFYP‘EIaPPL@ﬁ tagpe MF@W{?P@’@HW@S‘& Wh@lrxgloa@rspdrm“

Coamersgcmm&an ba%k@&fn@ BhAafbs¥id FeReml RaQhdey @ompalem a spectrum
stabilizes the ?artl cl es_agai nst aggregati on and

pr e¥EIRPEd By e HYLbYBE vt 8 'P““UfﬁﬂaH‘t‘lé?aC‘E‘i?éﬁrieé%remova‘ 18
In samplemadlvmemhmxmhm dfelpGACEﬁntal’hddllithE)lle\mla)pSmlllldafraltlctlon
IaLe IOE‘Er eduggmﬁes trealx?m%x t Zﬂgggcg}lgﬁ]ogar%c er\%thsaenq) ledarllntt sﬁ‘ch a¥ a

r ep9<Pmte1rauwo¢fé%te@eratleﬁozsmyz@n‘wdwmm@ed b)hreea@mmlth a reductant,
furifgns &}smrmee.%wp%% s of @At mglsexﬁ]%@&%rasmrt StElii@ active
nanoparticl e he nanoparti cl any

anBal vI1tee kg R ire et 1HUCAT RReTR ¢ e
ter m1bdal&ﬁtﬁp&i'efr11661| i€'Au. [hnNBITO6Hd df Cethfehod, lheﬂ‘&ﬁﬂﬁfﬁc&é&toﬁhvened to the
t ga:ﬂlg#‘l%g L{)]d ()xnge anf sul())srz%ump (ﬂ(.ﬁd%r gthclflnso?qn rn?o h%! é:m gxliatgtlné/
hav imgl,)OCbmmdxsenEﬂ@n@nofmw npeltpe wnhmgmbofamamw gtnqnmctcuone/oxygen
about 1000 nm i ncl udi ng any i nteger val ue between



1 nmand 1000 nmIn sone enbodi nents the netal
nanoparticle coie is a spherical or nearly spheri cal

W@ a00bi0td4g9 of 20- 200 nmin di anmeter In sone enbpdi/IBIWS013989
the range is about 2 nmto about 50 nm in sone
enbodi nents in the range of about 20 nmto about "50
nm (tor exanple about 20, 2 1, 22 2 24, 25, 26 27, 28,
29, 30, 1, 32, 33, 34, 35, 36 M 38. 39, 40. 41, 42,
43 44, 45 46 47 48 49, or 50 nn) Ani sotropi c nanupai
tides may ha\e a length and a wdth In sone
enbodi nents, the length of an anisotropic nanoparticle
i s triticaltithenddaan fpllaad DiereamsniH aapletianef Bpere iweihepl sh bt
NanQRAFibe bi@hM@soriB nQané&%dm{n&dﬁaﬂa@ ug@ﬁed@aﬁonarm SRt @R Gnents, the
nanogﬁ!ﬂtl des in sone enb nts th e nangﬁgrtl cl e has
a di @FC”CW‘H‘TW“‘B‘F’"%“% ah ‘o'FP‘P‘ BN g HaEr step-
errbcminms nt B, somhemcﬂaspﬁ}ilﬂﬁtll ohteblha® backgdioamigiae dr@fntrﬂ&ﬁl&:dﬁmin

sssig F%ngx 1m ch m gmb Sjnemles Jtﬁ:r fil{’}algln r%elgrg arafi on oJfQ éer;nhavc

orles I'n Sone Fments, the w be

nm theen3o@d wmwum@g@mw theRamar Wecummﬁ prays Irmﬂemh%CN

a | enGtils. Hcc@RRYY, inlée cRBRMM, [P BAGN: Mmg&ﬂwm £%etidWor

be isotropic or anisotropic Nanoparticles include

col I"giuciag ¢ ‘Pﬁ%‘t%‘?““%#‘l“b‘\ﬂr‘é‘ﬁmf'} PFUYT RhhodEY Bartiqia geiviag preparing
par armgmzeﬁ)r fhaly€Q I"iﬁdup)‘é;ba\fzﬁ(nwompﬂsm.}j ramd)\n@ sPaTE f)é‘uhllhe@luﬁﬂe or assay
tsﬁgtq?s t%?t (.g‘nrtrtﬂi fét%a debX?Llélgg a?dg Snolher em Ofllmg?td%e %rzesen invention
ski Iprovides 4 thehfer r@dqemg nizakgyand slgﬂdbls aRamarespparpmiofa &AQN
apetyyiof. SHARES renﬂoﬂfﬁk Welki @grctx)rmssa@‘e&mﬂ)dnmtstlﬁg cdriibute to a

spheroi ds, rods, disks pyram ds cubes cylinders,

nanGHEBRY Sigidnosppngs nanopngs, rod shaped

nanoparticles, arrow shaped nanoparticles

t eardr Opussl{karﬁ)r-e Aahopar t icles, tetrapod shaped
nanoparticles prl sm shaped nanoparticles. and a

pl uted7ik y fe dotdvery ofendstgsusnghigh-thonghgeomiipldxcysha pes active
A”Otr&%ﬁ -ch 'ne%sﬁut&fmt&ﬂ[?ﬂ Qéhﬁﬁ.ﬁdﬂn%sthélﬂéﬂy Q@&o@@@ﬂﬂ%@ 9!1 He@ed

i nclude those with Internal surface alea These 1 nclude

hol IS6YY5aNTed WY yard tetsi deigs regires bigh-thiwekpysang Aieply ubiglex

MI eam;ag Trtefuke%fksndﬁn@hmyb.laahcsmtgn@dmt;ﬂkxw@p@n@ Raman
partlc es 0 e certaln, cas

P e e e PO R e BL b P et 38 hgess of
beeRasleserkshed SEhS bftfees thany @nigdelabelingfvippe@tunitiest $n some embodiments,
rec

L | SRl AR 3 blfo FeARAP AN, FSRERE whh L o
pst |R@§;Wb‘|1€“}’?afﬁ‘€i?§ai€t’di“b¢“é§f pore meiskasi Fhe aoiskerpeny &S prpelle Of

rat |§Q€Ct10€ly RhE&SeRGRS m«ﬁﬁm&cme mh&ma&.mm&&a&&nm &ile the
does not bear on the qualifi caéA Zal‘tl cle ag\f
nanOpart |"E’i°é“lf‘(56ihbf]““l\‘)ﬂ%rﬁie%ify & %Téﬁéh'l‘ th 'P‘éit(‘ti‘rdée‘tcﬁ h
eXpeﬁbcmeﬂhﬁilelﬁn dstha Gﬂfv&fuhl(SNC)\I% Sﬂd g@‘eﬁélﬁ sthdliadind as the number of
S?IOV‘} {Gsol :Hcg]rcg'gbsedp%enaan l‘éﬁ@'ﬁl can e len?élpfoclLulCS?ﬁrog ]dr"e'_lnumbels of
ex amgivedualtabraysgwglt &t pasigrmed nitibin raamelf: ﬂwdﬁamplquye@nlt@tns afdnggt

RamgpngpbhaiesiEsics expected to be |argei at aieas of
hi gher curvature Many reports of ani sotropic particles

hav EWétn r’ébyéﬁ't"llvmd'ég’(%‘i“”lﬁ‘e&‘“‘ PYEFYAEAG %@ Figpied it %R d
" br ameduatknt, Avel4iad!§ hﬁﬂo@&egl(ﬁu)ﬁme gﬁu&mi ik Q;pmsed @arytgeﬁdr fifig a

use%lura?w Olfldl{fdfglﬂgé\%lNo&d%COPHflse structurn{l)l -1e dted[rf)cb)ig]molecu €s. For
Ani setmpiEpd ©t ﬁumacnuh"é\gelnalnmoodsnmmwe%eglpmwducadldmy pyridine-d5
el ectrodeposition into preforned alum na tenplates, in

a manner simlar to the production of Nanobarcodes(r)
particles. See, for exanple. Ni ccwarncr-Pena, S. R ;
Freeman. R G ; Reiss, B. D.; He, L.:



Pefia, D. J.; Walton. I. D.: Cromer, R ; Keating, C
D.: Natan, M J . "Subm croneter netallic barcodes."
weeenta32001, 294. 137-141.; Walton, 1. D.; Neet/082008013989
M ; Bal asingham A.; He, L.; Oviso, D. F. J.; CQupta,
D.: Raju. P. A.: Natan. M J.; Freeman, R G
"Particles for nmultiplexed analysis in solution:
detection and identification of striped netallic
particles using optical mcroscopy,” Anal. Chem 2002.
74, 2240-2247. These Nanobarcodes particles are
prepared by the dep03|thn of alternating |ayers of
mat édduisrasd pyndivies and Byrigipe-aN - thylaming) Py Efco f-HBdoRIIdRE-Ha
t enm&&lﬁgpynhlﬂe 3. pt\M@h&r@hlaﬁmqgumrﬁsndlrl\éaﬂﬁbarﬁlﬂgl@lﬁ) ]pyndme
partlcles are approxi mat el 50 nmin dlaneﬁ

m ¢ ESHYS A orsge™ SFfLgee" NBEAT PRy iR mc%*s'"f*}smtfé'
usedummné%ﬁkﬁwmthﬁmemammﬂmdﬂpmmnﬁmamsmgySBES@@WEmedmm e.g.,a

ncurogdr[n% 1sé1)1(odqleqm‘:{&6plu{%Ptry%?'s’lrua%rlg}_@%%&redp?)gﬁlel ggloducc 8

d| amélr‘élty qf §Apéfsgdcﬂ1i@anhlilof®< ANYuEIPERS FRectgobrb Sléﬂ@ddfrrweqﬁtescuvuy

bet waRRppkOicRMG, Rl Wry H@h fRemm RLdIRAnd BEBLALBEnMIT Arge
t hese di nensi ons have been reported by severa

r es VI REFBPROHRH Yenpl at es are now commercial |y

av al[‘)(Hb] €. In hhdtser eihbbdomar, eabaik ﬂi’ed’ﬂrﬁn,n (tahver thamasmkil ﬁ:glon thereot) is
pr OV} fj g I% this eml'l)og'llneé:toag[ﬁ%rdlsfl {)‘f H?seprllﬁg)grrggpl ﬁcgnéé?\%])ql 1}16 w1dely
whi obacqzdsvlbret@sdltbhdn I:B@@nﬂmmbocimam AgortRsORPLra porgnigutly may be

SeCQIQQ tmgl@rtﬂeaklcdtl% Qonﬁ ‘:ill;_l"jerp‘g(g@ oogA@I@! &i re,tpgrrm‘l @Jcﬁhavmﬂ certain
wherein the deposition at | east one of said first

mat épsci! C%ﬁ‘rﬁ‘eg%iicﬂ g @‘tecfﬁﬁo‘%@f%r”i’eéPmP‘HV@fqélé‘é‘ﬂ Pay b detieged to select
el thpnmltyajmaaNe FIrQRR&S BScd @ uGRRELELEspactSPGPRILE Elteria.

IF’Jrgtr éﬁlleron%t?vely aerlgl aurtet,r ppolgrgtrdn l?agl%eé gegl %é’(listl? E(%ergtgggmalue%%lC% or

and retpheertsemylccatileg tbﬁmcnré aqura@fegmmtuéd Nqrore&-chbeurideporter
nanq{?)@ercﬁlks%(ﬁlldtbg %%El@cfc@'iﬁn it \%l d[‘()ﬁﬂ%&ﬂd! YRy lfhg Ql%rc'tﬁécﬂ' I window,
nanoparti cles. hi's enbodi nent, the pore-bound
segrehbeefoKan éib‘a‘i““tbp‘&,'lﬂé““rﬁa@’ iqthel RURTHESTE FEHAS ABATErs nglection of

UpomhernQJI&algﬁn@fch\AM1&mEyIh@mm)\ﬁtuef,omtd{’&nﬁ}art| cles of A
are &g%duced The d itions can be re eate

gend¥3fle skgMsERmH: ? PTHEVE SRBELEL S ‘AB“’“{% Sgpsing a

A( BAhanpe in\pblerzgbitity duriirg tgnybritiob.eger betvveen 1 and 1000,
STOAVBE 2 SRS L RSBLELS 0t ibolitag f eo
prepdeld by Thergrorethaoi f<a*r andpysp POFRPIEEle BIRYIMPE Genipacal space.”
di an®hheapReledR9 wnﬁer AR exti¥h BXQARWEd Qbraddal 8R mn@.q C&drly
described in Exa 10B. Figure 15A and B showaﬁ1

of SACKEMpFRFAPEY CM e FrafRSCrY RIS Y R, Which plcally
par tid idreseg@pp édlardeogectiled- shaped, a closer vi ew, shown

I n E‘Lﬂgﬁ T‘F’Iie neg’fr:]%rlg'l\rg){ﬂlpglbﬁ: tlh]lqﬁg dQUCOB EIIH neo\?g lgggl%?%dﬂlclle

f r ommﬂhes hrdekprol p@l@ﬂ*ﬁ:@ﬁ well maélﬁsffar@engtféwweté/ntwlhe met al

(e Goo7s1AU) A 3R inlPEoTRI B Ao A anibOis P&ii15bR] o%a@@lgn (p@cug of v s
in the preparation of the particles The of

S oGt OFF &8 eNqua'yOlPé‘s UVT‘"‘T"I“GMQ’”HY’éP‘df’F f’fdé‘fl”éﬁ”‘o‘f”"t he
two cmtzammt@mf;@nm athEey&handleﬁ&lsmqmeme“d\eﬁl l1o86; Dig-View, D.;

duri qugh {h? ]% %Jcﬁdéé rdsselll r}ea efhp a ()(&%E}nf I%%\d Bn dsalg(c:m es

are usef shown 'I'n
DeImbemabensanktanemagadep@suﬂmohméﬁnﬁbfanﬁmA@%QébgI99h
80 20 Au Ag) will lead to sig |f|cant al  oyi ng, and

subsequent acid-driven dissolu % on of Ag can lead to
very highly pitted surfaces that exhibit considerable
internal suiface area To the extent that reporter

nol ecul es can access such interior sites, thereby
experienci ng the hei ght ened electronagnetlc flelds
bet ween



SERS- acti ve nanof eatures, such surfaces may exhibit

i nproved SERS behavi oi [0051] In sonme enbodi nents, the
WO pooeti4em provi des a nmet hod conpri si ng causi NBCT/US2005/013989

deposition of a first nmetal into a poie of a tenplate,

the pore diameter of which is | ess than 300 nm

causi ng deposition of a second netal into said pore of

said tenpl ate, causing deposition of a third nateri al

into said pore of said tenplate, wherein the

deposition of at |east one of said first material and

said second material in\olves faradaic el ecti ochem ca

pr odeyales Gt bfigenerdivaanCheepisiviceer oo requgepipadl able and Charts; 3rd

nangpaidnh Miky &rSﬁ")pse@Idl OcHe & ﬁ)eﬂﬁor%dncﬁlJ$ |H?lgdbool\ of Organic
deposi tion o% first and second

rel &Xé’i"ﬁij{d AR ”i ﬁr"wal gk B Viasresig %ﬂéﬁ'w% {’@!efmraf W S
sa|dw&&@ﬁﬁn&e¢dpomgyh&um@nnam@paﬂmmeis1tmmgemeﬁamauay

L:??’F‘?”\ﬁgq(’t’%gl{e”gﬁ dl Suaﬁlﬂdlpugé%]gs oW ¥or€q\{1n9?§pl{len rlnlg J. and
enbadbmeees, J. KhBie fore: Speumnd/ Edgrentad Wikndpant kid} Ghittager:

t he 1§Mpﬁé&§0%cd’%g§fﬁgy ?erf‘fgedép oUrL r{OQllleecﬂgeﬁd Qeft folh thbqe t[lp,@o]lowmf,
enplafe, two particles of AC are produced The

depd’s‘F‘F‘r Hsadidas rperier ‘efﬁéealieé‘d'df%‘ﬁ@éhé?“é‘t‘ é"réf‘é?@‘FFé ﬁ‘f’?c‘”e‘ for
havisagnghe conposition (ACB) n wheiein nis any

I n;g&% be{)yc\’%rﬁcn {r_\(])'le_cluﬁg s]ﬁ?aﬂo ée %Qﬁalurdpon heter(aa%fan%eand e%ctrotnpgcmve

enbc@hsntemsglldnaé toomiguhatnres. eﬂxgmpleﬁ wréng\nefm Ranfa@ OB @fes: pyridines,

ACCercgfn&gp}tr& ﬁ%yﬁ@i’@@ghﬂlﬁ&t 1§'ﬂdd§(h& fmed‘]@LyahlG&l &&Qrﬁxﬁl (ﬁt and their
| east one el enent “sel écted [romt he i odi ¢ bl e of

t he JEPGIENS - P ht +APEieBieBh Wetw%w"@émweq a¢<§z THeCCh il give

met %hlqmaélﬁlﬁﬂl velas. ﬂm&ﬂyarﬁ;leﬂm@k@ @'aﬁ(ﬂe@&amdes (R N C) are
tion

Al ternative!

| ea&t‘”‘f‘{t)%‘yéft%‘?ﬂsvﬁ’t*g‘cengﬁc“ﬁe %éngdlg frar |SC ﬁ}er‘*rf 83 "%’){%\ﬁﬁlhéve yibrations
bi nai anergieb oy sHvketi &) snyicoomud@nd@oal prodyk, qwe thalvdrafi@ua) spAgra depend
and A X Is known by those skilled in

t he Q#kb(g& g 6%%n8é§ge%0053] I n other enbodi nents,

t he [¢f801a| Qmﬂwueﬁww sigRipripeTieReiten & siete peghjas a big
an pULSEAH ré%fﬁ‘rep%hal Jhan@ﬁ%hhﬁle&pe&éa Rl GaR; sheldio,, Heos,

particles have been r have wi del y tunabl e

near®q ?ﬁ’e&gptsf"@%tfﬁ s o tle?d’éc %Mﬂ?f‘m@t‘)f gl parg ﬁ}’ﬁ@?“ﬁ&gg
J OSAxdpleyalllvids ALas ﬂeﬁtﬂuﬁlghll)l Hdﬂmﬂ.@lZAfrsﬂ:@ﬁBm)HAqu It is possible to

AL SRR L ARl Sl e i e
cor ¢)0RY shed sls e(tyis ytefalspthe

i nVMeV{l nﬁmm1@19%kc%@enn&)tpﬁjt&lt)c@me&@atéﬁtﬁglog] Ifb%{ures at lower Raman
conbi nations suitable for use in core shell particles

ar e SHfE - chOB8Pthert hildkewise st iean;based W“‘él%“‘A}E?m“BY“ are shifted

Ag- mno@a,l thel @l:cﬁnmdmmdt@ malwmeqbosiblel ﬂxan{ga{oum n@al redox state moves
col l.0 n t i onal

nan(()he en%r? lflb(flﬁ)[)an A&1 entlte llédnfjs lzlie%CE are %artlcu’arcfy glrdcnve as they

ex an:pi hmidgdvirogtd lon@tld 7 13 mctdl\]sur,dgm: Oh@mtlgognllgg@m dop@lexes which
126269[31[“7{16 %?‘H&Q @F&l&l? |S@R§ Q&Q@ﬁgﬂ&@?g Q?‘lnli(felug[“f‘e(cp@F fol ﬁ:lc§i§\)6 D,

aV|ng core wth a, metal nanoshel

suchr a%- bénw%fr waabﬂé*alﬂsm D gag o bﬁeesAl&“mgtﬂWdOréa}swéfd“w
Si Os;ﬁé@nk:i 0¢. d&se( W8N 0Oncl@Bk 8IQAboEEondd (. g. f&dnePra0 extiNadihiense
Aca% Sci US A 101(52) 17930-5) Holl ow nanoparticles
such*8¥ KB Tow nanospheres and hol | ow nanocrystals may
also be utilized in the SACNs Accordingly the present

i nvention al so provides a nano article for use in a
SACN conpiising a core shell particle active tor SERS
or a hollow nanoparticle active for SERS The i nproved
SERS signal of these particles may be denonstrated by
manuf act uri ng bat ches




of these particles followng a literature procedure

and conparing the SERS signal to the netal particles
walemeniiagdl herein [0054] Met hods for prepari ngpSHCBR05/013989

are disclosed in United States Patent No 6,514, 767 .

Addi ti onal methods aie disclosed heiein, including in

t he Exanpl es section The SACNs referred to herein are

phot ostabl e (do not exhibit signal bl eaching),

thermally stable, show linearity of signal and exhibit

batch to batch reproducibility, as explained in

Exanpl e 8 [0055] Exanples of Raman active reporteis

sui 1¢8kle fMs editte Prypseg dhe aidyOntrt oramplagdfuieeriagls whose

ncr Q%Qﬁl@lﬁys[ﬁg}ar&ﬁdn é"dsz)ﬂJl(fﬂQﬁﬁlf:Ala1orf]'red(b(| Stsl(epfhe latter is particularly

pdyl ) et hy Ieneg&% ui.nol i net h y gl

1,4 “bfﬁé*ﬁw P ‘y‘la‘H‘i’ H frgr &’alwsﬁe‘ﬁ%n‘? dalem glows contifuous

4- cyangpy pdlne , 3 3 3 3 hexanethyllndot

pca (Riggl%lan SOLQ els q{'ha?éhna t%e reducicd I ‘BS 0}; Rcbe}gtlk?)ga r?oQie nlg an excellent

pdy|apm@eln y>|s[:gl|ﬁelg its gmd,y,Bm@nhpys lm Iat afa@lpbl@thmuglf iedtenng substitution. For

r epgfjnﬁﬁes dél'fe%t&lw déJEnFédgﬁw; le[%rlél}tl Jn§ d&lt@ﬁgd lg b%n&yﬂ@cetylenes
spect ra are distinct, and that "for each Spqpl es theie

is at vHlbueyridicerypaiedt Wateried RFifitlenABYid oMl
f eatoosgs Oﬁfpe&hhl inadptiRiciRa RN G MEY lfe&&@fs&ﬁd’s&ga;ﬁeetml deconvolution

descri bed 6% In ane. enb
i nvé(hf deéenthﬁt c8mb|d<[%%ac2\ I\ ubtrdcnon an(Ppeél{r&tect’lon aon wnh method% such

repex@emCEHEMbMEpéq@mﬁoﬁh@ﬁeoﬁedsu&hMSA@N%ﬂsedéscmmbed

in E—%ﬂ@lﬁ% ?Ep??rlclr Ro%&@es%m%m%md&@% msgéﬂw\bﬁc@ﬁ’]o@s input of
netal nanopaiticle core, a turns Pl

s ( 4MSP)FEIrPPTYT ERERNA 4B éfOF‘éﬁ‘o%“t"é‘ﬂ’“‘ "é?hﬂfla&“%e%?é‘r“d‘é?jt)%{%} in mixtures.
pdi nessiepoviceh ROl jet TRBEM stisia, tb@ﬁk’@fl@t@ﬂdy si tmcws can be
associa#?g w t h SERS agﬁstrate pica

oAb F oG RRERS Vet ittt bR Faic) 2y
provﬁﬂmswn@mhmdgnﬁ@mbmadUcmkomnﬁmnmmmkgmmmmdmsngnahmpommk
fro i byt e
oo Rree AR 00! B8l (AL Y ER RO ko process

t he C%mk@ﬁ@@ﬁ%PSslngWa’lmaleP 1Bomersky 'dlquS’f LhE7 plowifyiga fggiae for

whi |re%ortté?sedr§lhlgﬁtﬁ!:d 3n in8 sevonbikie B BQUA SRR QWM& reased quantity of
backgr ound measurenents are shot-noise (N) limted

[N LEDRIARES Rl@frn&ﬂ mjthe By crsetoﬁés gyemut;a railgﬁ) d[ obtdtf wggkest reporter, are
renﬁmpuag“pmak&mmmoﬁMHmspeniammmamghsmgammmaﬁ@kﬂyﬂ This
Wg\allxengthf) nfes Pl%aé%g})r&%g’r g{‘/\gpe Xon&g]; ?\Im S \Ahl%{llls rdu%?euy observed
wou lfad ah@gpoftr@ort@s@lsv gee \E@atl»@ksﬁ)g h1am@th<’anrdb<gierr?@r adringlization of

| MPEQYSer Ldx6rpdshdyhe tdes& Wfinctlafif AhEMouSRE §1T., Brecul € silane) on
present invention therefore provides nethods

comPFMEIORIFEUEse yinetd Deek *bd%@%.fﬂﬁ%ll" P repgitenadgogrion.

uti Irhat I’hglh@.is%@[\lnﬁ@l‘utdhm()@SA(Z!NelﬁaeinQ sub&indlic ll])eéﬂ]ljzﬂ |pag intensities. As

cons
t he wghinp0% ot @cfb@hanlaloylzecdlbowhlentSA(DNalpaHx ¢qodlleefel am)cbcak intensities
ot h?nrat <pé’l\t’lf[l'§l( $% gfea&%tl?et' eaﬁd 1%qlﬁ(gthc!’fltnﬁbddm/ems sggstannal@@ ual refers to
assay. . known that trace inpurities (even hose
preg%ﬁmeW“%H%“Wéag@hﬂ?°ﬂ§€60¢% manuf act ure col | oi da

Au) f[mm beﬂ]@@'@sdnflﬁﬁ\ﬁﬁdn&bhb%eMSkleﬂpﬁsQ]gtah@clﬂ@rvtduﬁ:brﬁlhe
sur

Acc dingly, rigorous purificati al | -
ot e eSS g SR USRS oup A e B -coo
ul t g@hp. |1t rantei cotrpdikiChe acstd druptiy ospeiasd Bith raticapsplent. The
and/ or recrystalllzatlon may r§duce background signal .
[ 0058] For exanple, in the case of a lateral flow
i mrunoassay, commobn substrates are

1sed herein, in so €mpo men S, S tantl cguds 1¢ CI'S [O peEa mtcnm ies hat ar
Fr oA e mbnE e G B e B CHET §1oBp PR AL St F g



PVDF (pol yvinylidene difluoride) and nitrocell ul ose.
It has been found that nitrocellulose is desirable in
wo eooa®733B89 Raman background for two reasons. FiPSL/US100&013989

PVDF exhi bits sonme aut of | uorescence, as indicated by
the drop in background after 2 m nutes of continuous
exposure to the excitation source (785 nm | aser,
approxi mately 200 nW power at the sanple) in Figure 3.
Though there are few Raman features in the background,
the variability in intensity is nore difficult to dea
with than smal |l peaks. Even after this decrease, the
overehint hakgr mevids msthpdafgereptrivg hiotdvatzaterb$AG Fredcfidieam

t wo p%mroatsﬁcm EEnQiGind we%ee SO GeFas (NBILAHRs ARINs Wi Ch
di spl ayed phot oi nduced changes i n Raman en133|on over

ext QLAY LIy H SHROT I BRYS wm %Nga?fe HHEHRRINGH 51 BpRface

in Emgunﬁnﬁsamhemﬂwahawaméhans@M&ﬁ&mBASNachakmhuhmuano
Wg%?aﬁ?r%;ﬁla_ff?? lfglr()fol]ys%uheRﬁlurmﬂ thé:1 coumc %‘(?ml:[lrrgel%dlh%l\% égshelff‘%igegg
obtawn§MM®ndnnnMEUEebamaﬂsvaNMbwbfbmmd[n@egm@ﬁ@mmw) Many
ti m?eaafon;l-tmgﬁ]g%&*ﬂmgn M%ﬁﬂolfgogupgﬂghno%qyl%&letﬁ Mdin the art. For
whereas a 5 second integration tine was used to obtain

t he R‘A‘I?HW”B AR G BEAN PT BAIEEd QURIFE D 281U EY TFRE NG RP T OPrOpY!
sl i dﬁndtlﬁ)xfﬁﬁ@'(MPTMW@mtm&bésQ3 @l@ﬂ&ﬁoxtyﬁep)mmtﬂoﬂﬁildne (GPTMS)).
wher easne go %Lt%?lso 3 Sul%\ (? S, Eo Flan h r )ct ] 1t s for
bacKGHESURY FREG i BY é‘ﬁ > EAROB BT Y Fa{’ét & tFom

S pe@ornl&,dmtnh Ereprra®e nf:télob:ﬁctrae redsuy &eldridedoa Ekgrpdund

LT mgog7) NURGEALLRRAENIES 1R rf &) p:%gﬁ‘ﬁﬂophb’sptﬁmﬂ%ﬁ,uodted to
detectlon of trace quantities o man reporters

[ 00B9[nolertletni6t Harp!E.IPFRIEES BIPEHh 26t nuglhic 4cidy fe'ctbe atipgjgnent of

backgmestedAbrmsmansd ised © Sbtﬁ\'ﬁ@lﬁm&%l{)ﬂ)s hin@ BlbYeqRdk EaktoBithnide

r e?rglgeg]t is”yé‘h’}/ﬁaugg%q{)ﬁrﬁgg‘%g@ uggﬁ\’lgmaiﬁ eetgt%%tg)gloduce an ethoxide
Ac c eurthicug whjch bl @epmelsantbodiay eifitdirenly praay irdelsr entginteo, silanes
for Q. : £ :
or RO LMy EORKELRUN0 Sl o SRTEL SR ELL
SACKYstaiserapsin gricehs offenaflioeel aSmeniward PSS dascrieqdn Example 5.
Mol §6d1801i RADANIPELRIeT R Gh o BROJFEE n{IDhBEUA BiflhSice on the success
purified prior to incorporation in the optimzed SACN.

and °bEHENA°Rg a Raman spectrumwith said opt i ni zed _
SACHMo0ssIh er I@istmdoblodimonts) the SIAgNa ks dikcty@rdu@pent bdued B described
Eg?'}%gggoﬁd:‘gﬁgr %%éq el 1%062’1&1%%5; %g{n l% ?Efat be ogpl}{][:(gﬁgbjh FlOw surface
son® “elrdyodi areretiged, tlhbdiilmn®V@dVl@A®§£0r@ﬁset he present

| NVerdkIIon ) Oxh %mandew&ge@%%eféné% SEADRlg. s\ﬁhx%(‘) and biomoleculc
conpared to known SACNs. For certain particle size

and M$hapEEted hgrdento RIFY Kivels e VRt ngvéchhdf%d d%@od'e*
par ﬁdcmhlasrhofetn&m)/ Waﬂz\bﬂdiemlnaxfcgﬂ?)l’ gﬁﬁﬁ%?ssa G| qaeln;lmaaﬁ aAu?m of
partic e reproduc ity Au col | o
CnHEL el " B 0t B ] oBea B RSt

c andé¢tetatre sf theAgooriatilla glrryuns tehcawp flegresgent dypvleheted dimding partners to the
pr ogiloglgtgcur@rhj}%g%] Ieg RNl[l'l Hﬂﬁcﬁé(edim an%mad &L%@XJ&%#M SFor example,

One exanpl e of such descri

2. THPYViBICRYY LS ch Romtdmathiflyeressent mqurelcd -biotin. r[‘l"[;n: resulting
Na. b&lidigsatag be anaiflNER Qifefn@tint iEdtoRbd, ErRAMATUoREencE BEhe particles

i nproved method is nore facile and results in nore
monB§85%r se particles when conpared to other methods
(such as traditional synthesis of colloidal Au using
just citrate as the reductant.). [0061] In another

enbodi nent, a nanoparticle foruse in a SACN is

prepared by a nmethod conprising depositing a

subnonol ayer coating of Ag on the surface of an Au
nanoparticle. as



in Freeman, et al., Journal of Physical Chem stry
(1996). 100(2). 718-24 . It is expected that a SACN
WO pabodi4ag such a coated nanoparticle can be UBEDUSD05/013989
i ncrease the SERS signal from spherical nanoparticles
by about two-fold. [0062] In sone enbodi nents, the
i nvention provides nethods for optimzing reporter
| oading and Si G coating on SACNs. For each reporter
'successfully incoiporated into a SACN, it is desirable
to determ ne the conditions under which the maxi num
anount of reporter is present on the netal surface
bef 4900k helnSpi® embedimenty. Sbmgﬁmkétd@@nacpgbg31]10]+1¢§|vgt9ch§§porters using

eanlQ:'h@@%%ﬁnnctﬁﬁ%s@ﬁxﬁxerﬂﬁﬁ&@&ﬁ MMtlh/\’*%\a@nmﬂ&ﬁ‘&lﬂﬁ|§)Q|'ohcx1ne I-
nol ecul es that can also pro t he Raman

moi ROV QR Sa Shonh ek qoﬁ‘é‘r'%’éfé'r’H@gff’ﬁ’e‘héEF%““"c
SI gﬁkﬂﬂ'ar(f ﬂlmdtyhﬁmﬂSA(mfo l\l'T-{Hesl@)(taz{rp*e&rentldlly reacts with primary amines. In
) epél}' "meD L ngle D)ﬁel [golt QF&BOX 5: use(mp aﬂa¥ slpeéagl\\lnlddgegdbselg%ﬂ?gdaptable
pr e¢<u2rltsdmetltmf mqg InrOtehe ctrmmermm@%yshlgoawé%omse@a%@ ntofpeules that
Si QbeRBﬁrﬁM& §Igirnesand the label will not have to conpete

ace on the Au particle, a higher surface
cové?dgb]e o?A(FI‘é‘b‘@Fh WJWH“‘B‘&"”é%ih%\}’éfmeé““ el E’I“é\?“lc?“‘c
avaishigbli®, shitlBes, wnfh(phm@r)y ammleep led¥ees fite madyldﬁourcmeocﬁmﬁde
si | ?‘nrgle e ltjsh(?to IIWPM) dl'n?nesa 1(')11(1:(9 culgs ?'Lsh gsn tngaVI(Pn /@ ine; coaled particles
r epdrt &F S peCui’dors. hpi €S> of " §1 Y ahes ™ el
3-( Znaéfdls(dbeﬁmmd@helnsbloamherh)o))rpteotpcylll%‘tllgldélprh@xfysqtlbwh bnker such as

2- C&ﬁlﬁgﬁ'&enydet [Ah gﬁa‘ﬁﬂ@?@@[ (lmqp@) tlrs@[}glvert a portion of the protein’s amines to
pam nophenyl tri met hoxysi | ane.

n- ( e HOSTMIBABE y THu 4 reeab Hythbicweaiz ik & the particles
[Ooaqh(,Junoamcher enbodi nent, a nanoparticle is coated

p 0| 5%0?952 n 13(&03?\5}“ thﬁgg Eﬂ? E’S/“z‘g‘%‘{ 3 Spélﬁ' éosrlfl)brfp()qes (ﬁ reducing non-

pol ytehifiopinéing. In Suche ptlnyniogdy-ermjregarBASN. érd dnyibeigntlagompete

r eaQ\Ltﬁ]Yh% SQE@IQR}? ’amﬁyrghrc&%ma nﬂﬁﬁ%ofn (L]QEIQ‘LO%%]RCEP SACNs are purified
facilitate Dbi oconj ugatl on (see or

at t &% PR ieeaddn, Spladine Bere by %ﬂ@lﬂ'[@e@s]l’uv Feapprgréticigngy may be

geneﬁea&&cémh\ﬁdeaﬁmaedmyrabwm du@mnay Jabd 3>r<ttmsc lg@a;a& lgt
the SiO2 ﬂ}f”) e reduced i cal enbodi nents,

Sj Okgcﬁlgll tpan EIEHH g%ee Ic%b{féréctfwrx ﬁﬁkdi? %Qf&c?fml mft)‘,]besns?.f‘ésary to conﬂrm
enbediineithsydidihzel$ildbReEmaeps Ul @mientasfldr Lbativmdt Hdeakuy be used
Vﬂlylf(grrt Ier?)uplth?iIQ(;'nyoﬁ mLT(a czydstgcp&iﬁ cEl & v\eﬂ amle(gmH{gﬁlg§g%g}ﬁg‘g&!d§{x@\ls
mai M43 Ini nlgmtdkfe ablgebpingty Orcjfdtlt:w@nowthcﬁgldm& (NSFQRESACNs. The
enb@AicRBRLSbe thstediof gl ¥Rl o b @rprdidld %ncﬁ'n@l sdnelidractO T(\é kvel to
protect the metal core and Raman | abel nol ecul es from

at t 4®leh eeh phthe i Egram CouHsalsy BEHBAS e w&ff%ﬁ?\%e gt iipRmay be

| Nt efch@re@nks caimpteh@e et alf sindtfdadceking mmé anfd @M tdeerd sGih@y
Z;gr g/é 31,[®|f cgn:%l (?Jﬁple Q%}%ﬁ%r{] ezr%{: IP}Q\(}%datiuser]é 81Ig ge %Len{%\lr}él\.elﬁnn(gne

{ ho embcatiens biSBsan (£00B6Y bSN@Rsng\AhetmrthhpwdveMO%mg Ageht, including

i nt g&rﬁfstdysm%d ﬁé}gmaﬂl%% én%oéﬁgl\lslhp@&%%g lean?@ ng' & ﬁ!:scrlbed in
nanoparticles may be prepared using Si ng)he crystal Au

or G r%agwwrwé‘l S B tOF S50 8 "t“PUH‘eé m'x'%ﬁ@ed

(ov Gélﬁf@ﬂizamnloalhe sie mp:ﬂr‘ﬁtlﬂ;fs ev,lth @ﬂﬁicfylla\/rﬁﬂc& p(@cChyDane glycol dnd
detgrm ne ﬁ‘]str uct UJF nano[r tn i Lur
det ?’ﬁ‘r‘ia'ﬁe%o ¥REBRYSH e"a{ﬁn&m QKA é’af‘vep?“épertlné’g'

t he cmammn(uU/Sl.vanHx'bieanERSdﬁglgmaialr1tgfredgam0n0d$o bamed.
potentially be significantly increased if they are
single-crystalline. It is generally known that the
epi taxi al, two-dinmensional (2D) nucl eation/growh
mechani sm requires el ectrodeposition at very | ow
overpotential. Recently, electrodeposition of single
crystalline Cu, Ag and Au nanow rcs was achieved with
reduced netal ion.concentration, |ow



overpotential, elevated tenperature and addition of

surfactant to the plating solution. Wang, et al., J.
wehgs/0788em B 2004, 108, 841-845; Tian. et alPCT/N8I005/013989

Lett. 2003, 3, 919-923. [0067] Commercially avail able

tenplates with pore dianmeters of 18 nm and 35 nm nmay

be used to synthesize single-crystalline netal

nanor ods, including Au nanorods, with | engths between

50 and 100 nm Evaporated Ag with a ( 111)-growth

orientation and thickness of 200 nm nmay be used as a

substrate. The el ectrodeposition may be conducted in

put é¥f¥#ost ltoneceradinigyt. usngptal SAEMNeomntses efpacer inoldenlghgtween the

contsrA@IN R BE L&GleYied HEMAVETPOLGAT YLindBbihd WS (HBROR |stokIRRed that
Signi ficant COHC%I tions, such as solution conposition

and Cfré’ffb‘@i‘cﬁ't TpRleeUle e P BRPakXF Y §aR SAXFO} 95 deiuR axibmifrejgg NSB. Spacer
epi trdxdcaks gdy-be ﬂm&hﬁ&hht@mheawnﬂmgfgﬁl‘éﬁ LIN@) bjz hahdku desafitet 8d&n, and
l;:: g%lherensl’gholét Lngwskm th/lc :W I~JT0¥ erXé_lB Q COl%lbleel‘Cld B, avm aglg C{ogs-]inkers that

det emcmpn@tceldygttaPE@ ﬁubem lamldovﬂfOTWﬁﬁkrey bfeltStcteV\ birglegfile may be

the dttﬁml t@thﬁs)’EGerlLe(ﬂthLe? QﬁnlrlycliuﬁélopﬁFE@WO@CJT@)&% co-conjugated
manuf act ured by sequential plati Au nanor ods

n
sepd? M PRpe tWHP Hie ellltPO% hiﬁhv)feg/s@ fg%’é‘?@ﬂ%‘*w‘ﬂ‘*?ﬁff%@mmlle
samexgosuke dithe WafeisRiBd @tfhd@No kidesirB@PEYas il the MRyl Albr@atively, itis
Rgstsplﬁsks)ljbfe el(t) P Bst acf)le]sgdteetbgt]u CtlBﬂdL al?(l? m816cu?es L n%é(%%hsl Sl'llge av, alla%fj
wou Ifu[hclhxmalpggcglg pbtlhePE(&_)mpy szmeelsqtﬂdq)re”mt}haqwnﬂ@@loli@@n nmtrlpod) or other
| ong,;Raltic! es per pore The same (potentiostatic)
el ectroéeposml on techni que may be ap gﬂl ied for o

synt 988l s e Oﬁ(’ge“??aﬁéﬁe@)‘d%‘abyd“%i“rﬁge Rrovided yn thgpresgpdivenitoa for the
als tdttecusebfeiqirgaterld)sneetmmmtecﬂIbataxtyngecbaaﬁaos[dQ&QS&onﬁ,sneanmt one
alterpati v

and po Slb S expensi ve t hod
nan&r S LY ylglbcém%)ia élngﬁ ld‘§| %@al JJOEHH:&S} %(dtrlif fgl example antigens
sol Ghtton-alxasedpaiichodceepoirtied ploywzddh kgaebakshtinigodies, including
El - e t o]
and %eo'%@&g%p%ﬁ%?ﬁ“o?éa% llergﬁﬁe?lg gﬂd?\l\lﬁsl)qlgﬁg‘%ﬁé& ;Qotems
S eedodysler B]IYE‘GI(’@‘F%WbﬁaWET gxamplehiayian piprieic 2@@d®iropis estrogens,

195%rd Q0% ést&nglhm&OQEroﬁamﬁ’lﬁﬁldﬁovﬂﬁ ﬁ@:@ﬁ%mbﬂotﬁn and
sol ut I on- based method js g owm in Fi gure

his

sanﬁ’i“lée“eﬂl?e“w&\?iéu“%@ed MO T4y RS ABPIRS ‘f"rFﬁ?‘B‘l“&‘)d*Ia@jJ Hifpiteirues:
50 kentdniingis 2] enbitinmé@rpellitsitsc@nsy darbahlf @atvralrdr a;tmmm 4ub\st inces.
par as.se
nani‘}"gjﬁcsSﬂéoﬁu"taﬁ?’g%‘mﬁ'ggg%l'“ve“i“h]d’d%v"}é?/‘é“aé“g‘%{%l“ ‘ ;'/“”8,%‘51‘% ‘“”rgo
| ar §&ENy hhuseke (@06 FplagapndghEtAepe assryodicrppyticaligpénique of
pi e%@z%eh.m\\é@ nﬁmma&z&m 8e3 (BLINR} ﬂ@%l‘ftéartec%@q&ggﬂe qm Bk most
background s al in a Raman spectrum gener at ed
SACI‘(%de'ydﬁ?r‘tﬁ‘T ‘F"é‘}“ﬁ‘g’“ﬁ}“e gas 1145 At CWF'E"W‘E Hlsémed%@ﬁ@ﬁlw
sai chcnpd .lnmhmﬁds(ﬁﬁ@i daﬁtur}araﬁmadi)&dltoblysom B0 WpErOIRRIbLtHh RGth a
;E??X%Dé [ antlbody ? roet ;E:r(r)t%\nll%r%]% Rlex %{,Oén&eéir &H%Pr{dLsan(gvA@Nmmunoassay
V\hep@nmemamkigr mdn@% g1 igdiedtor ofizyma ihdt [ep@ 6 oplisal mEsurartus etithe
COMRAEech SR G b LT BFRE] Ak Py O SAERBABILRG insread of
SACN which 1's not optim/ed’ln one enbodi ment renova
i s ACBORPIICEHEE DAGN i Bie6 tPPeBX| WHEY Brecoin dhbisgrppdiment, the
i nt Bi()E@ﬂjLﬁi(ESAf(mdnﬂwgprJ@erem»\l @ pfeeldéllﬁmoQﬂ cReEmY@ns Bf&]decmc

reat nent’ artche W th

OXI ‘g':ﬁﬁsg“‘g??éﬁpcé? :ﬁta 811[{% tli)]eétstug fn%rtl]il)ﬂ)é:élﬁ'élll Lamg a bmdma assay
ozone/ oxygen radicals, followed by tieatnent with a
reductant. such as ethanol tq_l enove exogenous
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nanoparticle, is nodified with a plurality of

structurally-related reporters to produce a plurality
wobkowsADN3? each of which has uni que SERS spectper/ub2ns/013989

simlar chemcal reactivity. This approach nmay require

very high spectral resolution, and therefore

potentially | arge and/ or expensive nonochronal ors.

[ 00731 anot her enbodi ment, the entire spectrum (rather

than a small region thereof) is utilized. In this

enbodi nent, a plurality of SCANs is prepared that

collectively have w del yspaced vi brational bands. In
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SACNs [0079] Organic nol ecul es small si ze,

unsaturation. heteroatons, and el ectronegative
wenpshiusents all | ead to unique features ExanpdEBES204/6013989

known Raman features pyridines, tpazincs, pypm dines,

pyrrol es, oxazoles, im dazoles furans, cyanides,

cyanam dcs. and their denvatives (i e 2-, 3-, 4-

functi onahzed) Acetylenes nitro/nitroso -CCl 2, and

-CCh all give unique fingerpnnt bands |sothiocyanates

(R-N=C=S) and isocyanides (R-N C) are particularly

attractive, since they are stiong Raman scatterers
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[0085] Once a reporter set has been selected, the

signal intensity of the SACNs can be nornalized, thus
wo edalotisag in SACNs with equal signals per nunber/usfoos/013989

particles. This capability, which is not possible with

nol ecul ar fl uorophores, ensures the maxi num possi bl e

dynam c range for a given neasurenent. |In one

enbodi ment, the normalization process conprises two

steps. In the first step, the intensity ratios of the

identifying feature for reporters are neasured. In the

second step, SACNs conprising a decreased quantity of
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cysteine gioups in proteins Preparation ot a

bi oconj ugated SACN is described in Exanple 5 The
w@ebmantissess and presence oi ions on a gl ass SPCT/ES®05/013989

may have an influence on the success of dematization

[0088] In sone enbodi nents, the SACNs as directly

produced nay be used as descii bed herein However, in

ot her enbodi nents, better results may be obtai ned

aftei the S1O2 surface is "cleaned" 0 1 nodified,

i ncluding reactions with acids or bases [0089] For

each nmethod devel oped, the depvatizing agents (e g

si | aneEntabrdndip drskled Uberenmy thh eelavint figteebon miroduder t‘\ddrlery of

co ntoth}l métﬁdﬁ@loﬁmﬁ’l@bﬁf&@\&@wﬁ 3itb lh@ Gul!:‘r“@lrffég GGk ls ¥uch @Qﬁhe@dﬁﬁuse
ant i bodi es, including those many avail abl e

comiEe Bqud phpses waghiohaicy a8 qonasted RPE FIAY®ed he anount  of
mat ¢o108) pr es@BtmBulinidie ths Prefeaci@vehfibnSprévis DRecRRATHt IR an
L g R
bi nditrducpdintornemnsistbp atytyeitdyicorratsech & bvrat}bcmelemsxremawtipmor

par tulltlcltleﬁlgusl)“é inQmeé%&ﬁ%L %ro‘ﬁﬁj{l& &c%k)lsﬁl%n@§c q5)C QELI ﬂ'ngl:nt FnQEntlon also
exanpl e, streptavidin-coa an be m xed wt

fl u@f%&@ﬁﬂdcayfecdw%éiwéad"s 3 %‘t“‘rdﬁ“eﬁ}‘i’é* fopanmaly g ﬁoawm @douse
may pbebe@nitingh 8ged ,lmlwmrun@t aBhidé eeM edidane) thdwimal.
fl u (Eﬁ%g]gﬁtng?ts ofugjfpgl% %(ﬁ{htétlt}%tgrsgoﬁrxe SuﬁglgL\quggl]llluspduve of the
t h| dhve@oni Vatedulcepores @d sodsicaignstchebdvistierddb iHoservkitledin die art
CI‘ o%th!)dl H«.ﬁ; ﬁmﬁH&ﬁ 91§ F tllah nA%XxldmOI\ the present inv entnon is intended to
I m donet h exane-| car box

( s uICf“éB1 Ch'F‘H"FFQ““WI B 'Cé“%‘ér‘ftdar“f‘ré‘c%o*thhhgt’”rh'%il“é‘i*ﬁ sgrpe of the
ar ougdt)‘laattnvélﬁm,qeact ne toward sul fhydryls and a
sull HS estei that preferentla reacts w
pr | ani %rsco“’ﬁ'e‘F‘P?f"sV‘E‘ﬁ%‘é““&“ Lr%l“éenﬁb?{‘earep‘&“”f BAEelgyine
can nbnebdnfsiediiutcsx attach streptavi d| nand is ieadily
ada le to,a of ,.nost proteins,

6eﬁ‘tlpler m nat'gég]%%P#ngﬁ[ﬂcﬁnéot| des, or other nol ecul es
t hati015@ar pri mary) am esnedemyLpn EACNE! WorHpomf Higmplate, the pore
fungtann@eaatflvlhxehmest fhen sgomfrace can be treated with
succi ni ¢ anh de, which reacts with prlrradl%vamn

to | eave a f%l)ce CHPHBIGPPHY O3 T8I S TR U SHHERP R YIS g gPlate,
t o Iwhakinti@ daposifiesofanedt @aof @eiuire sateSalall sa second material involves
St I ?Ptﬁlc e%woc eﬂnmﬁproce%t eCu?gra&éQea%?enlﬁ%cﬁggg)l n&ﬁ?{OP%iﬁcged
I | nker such e)s glrapcainabeiehydé An aI ternative option is

1f;mﬁ§t convert 4o POLEIsRAB s sebH8 el 8hdka® (EPIAEFont Qid
suI | s usi ng 2-im nothiolane (Traut ' s reagent)

and ‘%ﬁlﬁ%‘é‘h AURPPYPd PRRRATECY 1P BReR gt gt W Mg pfgy nanoparticles.
s uI f[(mlﬁl\/cc [ 092 ThBinasanyf tigat €dvhoaaNsid eymaa npispirii@dhas a
poses of . redyci no n specific binding
eﬁlét ér8§ Ogbl KRRy gr% f@g ated SACN free
ant i(Wasly wil 8. cor?pemshw# Hlaygsh é f@AONSMpasingartehge Nsp b) and c).
r edlﬁphﬂg sengi L vh{ Yo hdh P BGusE 'ff’%‘é émamh 1exr§ﬁg\l§ahﬁﬁ Ra.

puriftied by centrifugation, inclu nore than one
ceniPllgati oh PuiThe mehadobplayse |V€’i€'éﬁ‘d§/° sREyd paerial is a metal.
spegdri@scopi gal | yhatesadr nade Bywhd@pi iRGedoRd material Ag.

flugjescently |ahel ed tein ecause it 1s known
thag(h? uor estent g@/’@%lh(gié’ C]I"“h‘fz “g'&e'"v?/i“ﬁﬂle@‘ '52\% surf aces
it peEgolbe negessdahymeiodedrifuse mwhesinlshig sasbtdhmaterial is Ag.
radi oactively | abel ed proteins, A tangential flow
filtration device may be used Por the purification of
silica-coated particles as well as the puiification of
conj ugat ed SACNs



[0093] It is desiiable to elimnate or reduce
non-speci fic binding (NSB) of SACNs The SACNs may be
wo e@bom4em gl ass slides, mciowell plates and PCRES2005/013989

cell surfaces The |l evel to which each of the diffeient
conj ugation protocols, and surface coverage, affect

NSB may be identified For exanple, the effect of

standai d bl ocki ng agents and wash buffers, such as

Tween(r), and casein, in addition to different pH and
buffers may be determi ned In one enbodi ment, NSB can

be reduced by bl ocking the particles with a bl ocking
agem@12lincl udd.ng dgemeoddé sleush8dvhaemeitd templagrigalumina.
enbmhﬁent the bhacking AIGRE | lw?hen%ﬁAuld ?écaqgcs&wphs%gtrédﬂn" with
Exanpl e 6 Alternatlvely NSB may be -reduced or

el i AstREaed Yoyl byreresised denvati zati on of the S1O2

shel[dm]such as WrhbmpaddRekyst ammwtlerein ROd Y@hHYhdERN itric acid and
ch and dextr NS pol yet hyl eni mi ne and dendpners,

aII SRAYRAL pB° 1 @ low NSB I n addition, commercially

availtiasl e nt61oaﬂhammgka$SM®oabwnngQQQEHK@qnaymatEbmai
be O , g

Conp%?ﬁgnteeSQ&éLo.Lﬂum%ﬁrsgydltth @%em%@%n@@ﬁenlg %E:ﬁ@eanﬁg\llm

conPGg%téﬂdBW$wwWééBW@ W t hout bei ng bound by theoiy.

it i@2bel i everd ttraé m&RIdloRtBusE PAGETer ARG B diUGRorBSAM-
polyeihﬁﬁﬁ ﬁg{g or dextran, will mnimze NSB

SpalBrEcinf ey may be i ntroduced into the

bi o¢@rflugat eth. SAThE bythawiet heds | ddseini sbecbldaengaqompnanutsmg a

Ot helIRLAUR (AENG LA hBBRY | For exanp) e

coner Ci val e cross-linkers that incorporate

a di¥étlet e PEtvbmﬁmﬁhvmWva;a sul f o- SMCC may be used A

bi oppbgcul e may he at&@sﬁh@ontlgontcn'a%LPEGmQ%@@fzl.lﬂeﬂlﬂ@t@ the pore
Sim/l|arly, functional PEG nol ecul es can

co- SBﬁTﬁ@ﬁﬁéﬁhP&“Sﬂ@N@O§Wong with the antlbody In this
regard, the BPEG asaiisg a@oampamebonﬁmmmnm 2@ perend Sdik emplate,
ot tvtlﬂgmbﬂ{ postilon 0 atsltéJ (%n%gf S’ll% Flfls[?gt%(?nal ?r% s?H%eCclone marendFlQ\%lvex
assa erna Y, I'S possI

con chmgiatc elegsiofhemedal mmtise*PE@nnl@te@ewr@ste(t oort-heunSA@RBAr e
avai | abl e functi qnali,gkQHp. A8 the PEG may then be used
for further conjugation to an anti body or other

bi ofJE8cul e. [0095] I"Fleding i “é?ﬁ%dta‘ﬁ%ﬂt‘“d said demplatefpyp said

Ki t Segae@e b&@vy-bélad nindpdrtht® yAmesia fikatin e @k heddte £t @ast tleporous free
detect | on of ? target analyte. An analyte can be any
speC| "%hb ance or conponent that one is desirous

of ﬂHﬁ@ctlngﬂamdbommmeawUﬁMDg Anal ytes of interest

I nclmtgﬂ, foi exagpl e,.,am, 'd&i%ﬂ§on(0°flzt@1nt RSB L BEOS a template. the
speciftic to bacterial, vnal or protozoan organi sms);
antP%E@W@@ﬂ*ﬁH@Fbﬂﬂ%gmﬂﬁwgémtnduced in response to an

i nf esiion, allergjc raamkid@sidn of acebiti@netdd EIFRAPSre of said

pr ot ei S, and ot her physiol ogi cal substances (for
exaﬁﬁw “human chori oni ¢ gonadotropin, estiogens,
progestins, ¢est ostieg dapestionody hircostet miodsid pbrenbdaid template,
gl O\g\/‘hgett\ ﬂ’l%tdgdoﬁtlornﬁ g!sto&)tttgt’sm%ri}ﬂ &hrgx]m‘?%ﬁ 19Le)ct)ndqtlrla9 rigl itvolves
aci a vari et enzynes erapeuti c conmpounds an

i || Fagidpic d‘ﬁ‘tj'g’shemtf@\‘ttf%?msﬁam%‘efa‘ﬁd*%ﬁ\??‘?%ﬁ%h‘t%fl nanoparticle;

pol lutants, @r a &mqyngﬁdptdgptural or synthetic

subst ances. [0096] In one enbodi nent, the invention

provi des a sandw ch i rmunoassay usi ng SACNs that can

be used to replace an ELI SA-type assay The anal ytica
techni que of enzyne-linked i nmunoadsor bant assay

(ELI SA) and rel ated technlques9are now t he nost w dely
known i nmunoassays The stages of a conventional ELISA
procedui e generally include initially adsorbing a
capture antibody onto a solid support Upon i ncubati on
with a



sanpl e, an antibody-target protein conplex is forned.
The final sandw ch i nmunoassay conplex typically

w0 nwbathesy an i ndi cator enzyne that permts optPCEIUS2005/013989
nmeasurenents of the antigen concentiation. In a
sandwi ch assay i mmunoassay using SACNs. however,
instead of an indicator enzyne, a SACN is used to
permt optical detection In this enbodi nent, the
bi oconj ugated SACNs may be prepared with precisely
known concentrations of specific active antibody
speci es attached to then suifaces. and can be
quamIBdli ed usi ngen birpdising sasSaymitednl endphidteaiphte from said
quandofehEd J,rgﬂomﬁ%pﬁlmo@&w@% aﬁ% %$@yln§9ﬁ|§noﬁﬁndes each
assay can be multiplexed, as described in Exanpl e
[OOQWWmWﬁé*WﬁﬁWﬂﬂﬁ§la@e&ﬁ&Fﬁﬁhﬁ%ﬁH:he pr esent |nvent|on
areuusﬂful fof1d@haﬁ&hﬂnmaklanalytes in sanpl es of

' 3 To blbaue BrreEs i S myknapt b N FaReRl,

or 0M1REr seci%ettedethdducadyrisimg:ne or fecal matter, as

vel | as bi ogrg;gdl{lﬁgl r{ﬁfxuggl’:d y/?é*! vahWeﬂ% P@nné§ SiACN is prepared by a

cer ebr ospi nal interstitial

ext MEBPS CORmpE s phempyingem ity igetsy *&bdbqugd tg the pprgi %rtéfa??é’df”tﬁﬂ’e
for (SERSf preRsHS BIBALS, WicRM b3AGNEn cﬁe@anﬁﬂ %H@ec&@m[n@@(ﬁr%&d

A mnimal volume or sanple is USﬁ § ¢ %£ §f

i ncFUBAY ' SHRPTIEMEEITIREDY £ AYTCHPARBES AT Sh346 Otz
abopa13H00 nL%JnhsmmbmsﬁbmdknEnm$mmmmnnab®utmmrwbﬂmawpsMY

about 100 nL |n gﬁ I odi ments fromabout 5 nL to
about 50 nL |n other: e odinents, and between about 10
nmL and about?30 mduqtnsti|| ot her enbodi nents Larger

Sampdl@s]vol UMES NMBYe R@hddSLBadsE 20, WBerSih tA@bi@NoMBMbAREntacting
such as in the case of bul k bbood nmonitoring in a

b|08836£M8W%HV g5 & pgPEEd2dEy be on the order of

m | {01891t er s Rmal Te¢ mubdduwielsuseray, wabrsio siieredigéch dofnptitaecontacting
SItHa% %ﬁ\xm%uamﬁants for exanple, in the case of an
assay P el'”"t he vol ume of the cell may be used In

t he ld&le of %ﬁn agbsapethddanf clhuse g vgergin sjidhofugierdl]refoggr in ethanol,

c Onp@mﬁ%gmp& Qr‘?of\{}%l wa;ﬁerqﬁdym%r nmea@segl bt @aucmrrmpaﬁem
i na> be used I n such lul ar or subcel | ul ar assa

t he CVB‘TdUPFé“n‘ﬁ%/etB@O]a‘sreWBW By ceptr ‘;Suc’dwo%}hem)@m‘ag%déw agfprther

thegﬁﬁesent |nvent|on are based on bi ndi ng assays such
? t not ' %nmﬂmdcoqmﬁnpassays The bi ndi ng

par &Hs |nvo “ved TH SUu¢hPBi'Rdi ng” assays i ncl ude but

ai e not | i nmet@ihgtie, batl\‘rmuuictﬂlgn@lvw mopsiy ndizng aFaQd particle, wherein

ant i QQQMUCWQ(nﬁ}Q&EQQ%\WL 1.nﬁ\p,§19n mnhpgomaﬁn@agcwd%ﬁ%@mup
b|ot|n and-avi di n, carbohydrate and lectin, effector

and creiedsophe ﬁ?@lpéfdup%“s“'y@ﬁ 2)pACN Pt icko ey vessel.
subsggiggt es, o i AhhdhduWompridfpt amers and their targets

and conpl enentary nucl eot | ences Thus,

descri pti on and%@‘g‘r‘f‘pﬁ%mfj‘ﬁé’f%pﬁ%ﬁ B Cé)mf’ré?"gad'”erem
demBasirrragarion pur poses and shoul d not be consi dered
[0100] Tn o, - cnbod e nefREls BN AL gh RS

conpri ses aﬂneth@GP$@Edé@@é@hﬁﬁ@(ﬁﬁécﬁmé§éﬁﬂﬁwé$maﬂwwmwg

| eagt m@.rasor@mbmﬁzem ] opmmep(h@emthhkaha‘ Aok QWi eps
(a) contactlng qp g é ecte ont |n|n8
anal yte witH %?WPQH§W‘dﬁ A Vpﬁglﬂﬁﬁﬁi gaﬁ%h’?“?g”"a

theRanaLy&ﬁmﬂmm@mbateral-fIom1assay SU|face to bind to
the analyte in the sanple, (b) preV|oust,

si mul t aneously or subsequentlysto step (a), binding
the at |east one analyte binding partner



with a SACN to forma conjugated SACN, and (c)

detecting a SERS signal whereby the piesence of the
wanabyta3e s detei mined in the sanple by the i PtEOSI005013989

or presence of the signal [0101] In one enbodi nent, the

sanple is placed on a sanple zone The sanple filters

down through the sanple zone and then through a | abel

zone containing a label, e g, a conjugated SACN The

SACN binds to sanple analyte to foimconpl exes, and

the conpl exes then mgrate al ong the nenbrane or

detection strip The conpl exes ot SACNanal yte if

pr e$@Al]l, bi nzb.t o Thdweetltd df dast 2omhersip deiirfignsitidy ofi thie pegorters are

par i £ LS.l bl J: & : LA MhetdlEeas
o R e R BT Rt R e

i t s agpByiifdetinadibn i et thsaiensBsilic € thapreporgeie it fpieaveakest

SER&psi@nal , indicating a positive result that the

analyte is present in the sanple In the case where the
anaﬂ%?g is I{LS,T&H?“Vﬂ§f§ﬁ5g2£PﬂgmgﬂﬁﬁmWEV“W the reporters are
conjnorgatizdbi pemarind $AGNsarithiab Odseasadhghaatitg off sfl@s pohckimge increased
capt I / o f - : ' the wedkes
ot Aoty A hRY o B TR BB A kol b pr e vk
Exampbecr12 [ 0102] I n one enbodi nent, the biol ogical
samphigs]i S a sl | ATRENG 8drhprid@Y a Binb&IclcRSrel d MinfAg-aQfve &
Images of cells containing Raman sp ctgﬁl-infornatLon ‘.
can BEYBAAP A BY UM NHHHEFCIBE SR 1EHSE A PTG RGUR RSt ne of an
can -big¢ goo pl-8H2 trou@ akdCD-C¥rera@psuch t hat conpl et e

i mges.of the obje e.obtai ned Then, between the
san%ﬁgﬂand the cgﬁéﬁgﬂg%”'vgﬁunber filtering device
such as a noRochpordines ngepdicui d crystal tunabl e
filter is ingertedoclfige § RAbBrabRD rdBNdr 6B 10N ¥ittdal dOMEop@Hicle:
narrow bandwi dth of the scatteied iadiation to reac
the canmeia at an§ <8eingdes WEpretipF &t ¥Ege¥dar e

col l ected, e@ach awwielignte AOSwRELr as@a0k polp feingerat the Qeup
scattered radiation The,spectra fi each point in the

i rraé(én“étimmg%“s*es e8 dfnhkﬁ'ls2 p(fu\%aar" 23"128{3}1%%[& hgr ext rene,

| i gf@14Tlr om ahesibmgh ectipatd A is aigparsdiage may be di spei
sed [61B$]°U9_h . ”D‘?P&vﬁélﬁlﬁ%mﬁuqéﬁ‘@ Whagn%%h#)tn?g R l‘;ste{ H:Wifying
of that point can be acquired on an array detectoi The
obj deitngjths epgiaylaipsfiled such that each point in the

i magR49)s acqui r edhSeaRIaT Bhite TN@hEARER nicBRGR: domplideModifying
asse{}‘bl ed in Eoftvvare I n anot her approach a |line scan

i nstPUMEATC R B Ronst ruct ed that excites the sanple
wi t 018011 | ne ¥ r Atk a¢tharf dhese P9, miereig the madi&dngspmpisad ihgdifying
al ong one. axis of a CCD canera while simltaneously

ei % spectral ly dispersed along the orthogonal axis
EactffBadout 3%f  Thenahodef dawe dhavpaein ths @ogibygs ipgcgomplished by
S pecdittionw@th a®RG oS PAe@bx yRilav€IAPTMSH R ethdxtRs Bl RQyRk Sk ByI-
the i mage the Jine is scanned across the sanple [0103]
Thud MR sTHe S Bt hi s i nvention, cells or cel

pop@iatli ons iay ke mdmmtof flined2d Yurthgicmgprasimg attaching a biomolecule
ant i body- conj ted SACN.. pi ep; f - ant i body
o kpagd éi‘e%g*g@ﬁ“q‘§'§f%fqa\{é§‘gc°§’g‘tﬂ%d§2‘rﬁmc& P@@ﬂ%‘tor whi ch is
expil§¥ed omsa cé&hd mghdpbpulsads. ohersiddnbiomoleetd ipfeleged from the

cel lguaaflsiGRl br RPRUM Rld ONSeifRYq. a2l so be achi eved via a
sanévvl ch appr oach For exa anpl e 13 descri bes an

anpl e, Exanpl €
ass&5fn whi i NEBRPARALET HtsDr]: HEHE'R IGReRe fapRyises reacting
appkidiegttitaedSKCBRndsatidrsolgtilaikhedh f aampbhel sHedié froeaepirarp
and biotin) lated anti-nouse anti body Novel
hi gh-t hr oughput cel | - based scré%ning technol ogi es are
needed to keep pace with growi ng conpound |ibraries
and the alnost daily discovery of new theiapeutic
taigets For exanple. Vitra Biosaences CellPlex | card
allows for nultiplexing of cellular assays Another
appr oach, which would



allow foi versatility in the assay formats, is to

encode cells with unique identifiers This would all ow
w@omaload4Bons of cells to be studi ed sinultaneoRst/ys2005/013989

t hei eby increasing throughput For exanple, cell type A

can be encoded wth SACN type 1, cell t)pe B encoded

with SACN type 2 and so foith These cells can be m xed

together prior to the cellular assay bei ng perforned

The cel lul ar assay woul d be perforned using

tradi tional fluorescence nethods, such as GFP Fina

anal ysis woul d be conpleted by reading the

f | uorrescrent ehdigotdista@pmd ¢resstiheroufomepingflyl Hil-

ex p%ﬁlenﬁﬁ'&nwtt@n@c]@ﬁﬁ%et loca%ﬁqg@ S&Cblglc‘ Q@A&gn&cy ;p@drbohll%lﬁ'g a

Raman m crosco or cell sorted wth det ecti on

Thi $oaetifyecaignp! | a'l guarldgiyds. Bamivptigiino Andrenbingtjsasf 4y of the

nlxadm@a | popul ations [0104] SACNs nay also be used

o SRR S 2t Py AL SRR

el ettorapordbAON. endocyt osi s- nndlated appr oaches

| nclm»i%ng the US%hé)&emmJauaﬁw& wasnwe%&yﬁumelaﬁcd from the
PEP-1. the use of cafionic hpid-based i eagents. such

as EiopptasiiwaPhenifugtiop prigesyntiabiiny flHdioise of micelles
and [g1sgnsf ectd on Th@agmt&cl&uem AFthbd BB s@ig afdthing a spacer

B T A Rl S e T BT TR AL

(Q agepartidiawnd ge dlomaleaild.y. i ndi rect net hods can be used
e thaj, th b8 ROUD el LR ARSI ithca 1

tal gdetﬁsl] The ls()I np%gegrﬁgtﬁdd%hg%lsg &(‘ﬁrmnstel ]gacer s'sc¢letted from

spe@Wﬁﬁ@PPVﬂ@ﬂéPﬁ%M6W®%@§Jﬁ@“%@d%gél|nnunofluorescence

to yasyly the location of the SACNs There aie a nunber

of connerC|aII avai l abl e quorescent probes that are

usepﬂﬁ for I%belfﬂﬁ”@é%ﬁﬁlép st1"WEt'lres (such as the

m t g@knndi i a, Gokyi appaipatitls and endopl asni ¢

reticulum in Iivyi n .

that taiget Srst he Igalgan a%lne lgp%yler n?o]e{/\ﬁlg d\ﬁ{g r%g%ﬁ%ﬁﬂ%#:plgga}(ude

particles iscact iv&0yetcapelaitngdt heir target can be

det er m ned a(ﬂd WRBlomPREFERALE AT Ge Bahy &&Qﬁh?&@llﬂl(yem and a

bound Anot her appi oach to verifying the I ocation of

t he "SMNKSd s 't o use fluorescent protein fusions, such

as @kand i4xs anmad 9EsSHLQLASACThe cipise s e Riherti ¥eMprowin id &

direc 9 to i magi ng agents displaying inpoitant

pr opei Ples in nedical diagnosis Mie paiticularly, the

pr eﬁém] i nvesit i offhd Wodijbaat SN @ clapmdi Agthayge@nipsgsing a spacer

CO”H%kéhQ&m§Pﬁh§nﬂhﬁn&ﬂﬁﬂhmgb@&@@&&:Of the present

invention aie useful 1n imging a patient generally,

andf¥F4li n specifically diagnosing the presence of

dlh seassd tissue Tl"ge lﬁocl@ﬁﬁbcltcﬁiTHACByonl%@deQQ VQleIgﬂ‘lQﬁmﬁﬁgltlh(Qﬁule is

t he excitation and eni ssion e tuned to

oc ot BUT R TR R R AOSO IS SN PR mum

regi@nélf or absorption and scattering by tissues The

I m%]@ﬂ pi OC£SS l,IH]Yet gf&ggtgcjnﬁdan dHI\ly[QYOI@QiISHL .ni steiing

an i ngi ngagent of e |1 nvent atient and then

scanni ng théﬂﬁﬁﬂ“@hﬁm9§9ﬁé‘§ww st em t hat can perform

spectial i Walglcaqdcuwﬁ@saﬁgnew% bREANAAEDS AQNEMAGHbing a
m Crosco e scanni ng gﬁgtens and Opti cal

in
Coh&PBAER" ‘BﬁB@?ﬁﬁﬂ?ém@&%ﬂ' SACNs of the present

i nventi on ca daksiog iheamervolmd tany hicvagugagd SAaENem t hat
detects only o\er a single mavelength band, the |ist
above as well as any f1 uoi escefce i magi ng systen1that
has an excitation light source and filteied i mage
detection OQther suitable imgi ng systens and net hods
are described in HANDBOOK OF OPT | CAL AND BI OQVEDI CAL
DI AGNOSTI CS, Val ery Tuchin editoi (2004)



Springer Also included are tinme domai n nethods such as
dynam c |ight scattering spectroscopy and tonography
wo powe/onds34 | | ght i magi ng, quasi-elastic |ight seat/UsSI005@13989
spectroscopy, photon-correlation spectroscopy, Doppl ei
spectroscopy, and diffusion wave spectroscopy Al
t hese techniques allow differentiation between photons
and where they have been based on their tine
signatures Since SACNs will have different tine
signatures than fluorescent substances, etc they can
be di scrimnated agai nst tissues and other |abels with
t hed@68ket hod46. Us dheimetheiistf clavse Ad. whareianhetbeanslegileis gn antigen, and
nvdq&@&qgekdghhm§gurce and tinme sensitive detector
Mbdul ati on can be ed or continuous [0106] The
scantioty resﬁTtsqhﬁmgb%%ﬁf%“ﬁﬁS“Wﬁﬁ@§m6wm§ﬁmﬂﬁﬂﬁﬂﬁdF”We“e
regmqnmeﬁnamaaﬁlent and/ or of an> dlseased tissue in
:[Aﬂa}[()ﬁ :: ?gnf?%/ !%‘%gthodtof LIP Elé wperém the bl()l%?lf:cugeﬂatn%lth? %rgt}yte are

patu@hmmmhéywhagdmgnagENMWWHdeem@nployed to provide

I naq&l%llof t h@‘) Vﬂg %wh% Mrcﬁusigqglwherelll '[h\é%romo@% &Qkh@%ﬂrlyte are
and 1 n |naq 9 gasti ointestinal region ol other
bodynderepitfles Cb‘Fd "ﬁﬂbleweqﬂ #e$8 as will be readily
appasept to those skilled in the alt such as in

TS DS e LRy

di agnﬂ@mndﬁgtl)awhotcmm palt(hmnoggndllemuvl VO conpri sing,

I ntigdyci ng & QJHEM Qr crfy ARG ORE GTmbiR by ¢
|nvo@ gﬁ in th nofﬁﬁ Batg%$ggyl|nt6 2 ul PP ?? %%dm
contierenergty ﬁtsﬂa%fﬁm prEfctopae IS PRI VIO 1SAMET ei n the SACI\IS
becqmspssocszatmel me@odof MR Al lvBerkil MR lbMBEIetdle dnl@he analyte are

abnor mal 0 and i magi ng t he assoc
s L Rt P s TR Ty oA RaB O] Ry erour
orgammacnﬁs&ﬁhMEsbthh&apﬂmbemwgastro i ntestina
tra heait un

gé} ﬂent S %Réf\lés/lﬁgéﬁ ?l L}e/sle I%Sn\glﬁeo%lﬁ{l:%b g%&leéuﬂ: dﬁ@ﬁ@and]yte are
end@@n@@@mQQHWde@He%@ﬁﬁé%of a col onoscopy, or a needle

or ygesh Wit hsa d"l‘ﬁcpl‘ﬂ&ﬁ&lloecltxdspﬁpﬁvhéklﬁwaanllﬂ"e 1Qté,rt%{ed from the

enbodlnents the SACNs may be intioduce i rect

by %HﬁpﬁﬁﬁdPﬁQfEWUbﬁmﬁt§@Wf“¥HF‘@%éﬁﬁ?&““?%ﬁﬁ??&ﬂng urine,

OptH@ﬂhmi&&&hﬁunmmﬂbmmdhﬂﬁumhhmphbﬂmhrémhﬁmﬁdxﬁn.be

intr ced ipto I|v rgani.sns for imging, and has

bee#ﬁqgnonst?%ted T%?BV%mﬁwmg of nerves, brain,

nicrovessels@ce@%hsgdﬁ@pMehmxaéOm@nwmmaﬁm@@bwh@%ﬁ@emtmw

bi O%c%;'hc BRuh }%n@% m@gfaiy@dm QPdrf Aow a&s@ﬁiu?fac%'t@bﬂaetﬁ Yhe analyte in

known in the sensor literature SACNs can

nonéBVﬂP%%tly bound to the gel. diffusing into the

| eI evant ti SS)lp&vld)DOﬁ simftineslig of Bsedueay o Sk (a@bindhRileast one
gt Séﬁ# donto the outer surface of

f|b§W§ lﬁ%ﬂ“ﬁﬁ%F'WH &y fSe into |iquid phases to

whi ch t hey a¢deteqing aSERtsignainvioebetv prsicoredthf @hO8]is daermined

°nenﬁﬂ?%ﬁ?ﬂ%?%en&ﬂ%gQﬁﬁ%&ﬁkokﬂX%%h Qﬂe@%ﬁﬂéﬁ@ém@oﬂumaqone

met hod 1 eling an animal w conpri sing

i Nt FOC MY SEMPENCRESTRted-an ani mal SACNs can be

i nt r@deiced i 54 o @dhdmBdomphyngany suitabl e means, such as
by subcutan ous inplantation or i @iav ous| / and

det ect ed usi ng aB%FSﬁFFSW@“%HGFEﬁ@ Pd(S 1Y The
present inventioproakisgapaiovi des an identification
system and i el ated nethods foi_ animals such as

i vestock or ‘house pets by ut|P|2|ng a SACN i npl ant ed
under the hide or skin to identify the animal [0109]

It should be noted that the foregoing description is
only illustrative ot the invention Various

al ternatives and nodifications can be devised by those
skilled in the ait



wi t hout departing fromthe invention Accordingly the
present invention is intended to enbrace all such
w@bdoenrEse ves, nodi fications and vari ances whiedm/usiohs/013989
within the scope of the disclosed invention [0110] For
conpl et eness, various aspects of the invention are set
out in the follow ng nunbered clauses [0111] 1 A
nmet hod, conpiising [0112] a) causing deposition of a
nmetal into a poie ot a tenplate, the pore dianeter of
which is less than 300 nm b) causing deposition of a
second material into said pore of said tenplate,
~ whei ei n t hecideposértdcorg tf celtvith atdest conSAQN capableloffspecdically
“mat gf kil m@ﬁ’bdce%]’ SoiReond. fmt erial involves faiadaic
el ecti ochem cal processes to generate a segnented pore
bound nanop#t i cIP@V‘dE‘)r a papraulieh fliesine e viey betierd ‘}[C(Yi‘i‘i‘}‘]d the
d) i@heasing said second rraterl al and said tenplate
from sai d segnment ed. poi el F pantopaqtl cleto
generate at°l easf‘cqt"\%f’??@@ 4f t* "Hanbparticles [0114]
2 The nmet hod of etsaudeg e duhselverein said free netal
nanepagti cl and a width
fro?rgﬂl 300%;74?90? anJn%[P%k% Jr'{}%@A%Qr' ggg%{%g]e 1 tuithei
comt¥Bbi ng i epeat I“ﬁ‘@o%‘tféb“"é)% d‘ﬁ’ﬁre'@)‘hCI’G‘I‘l’G]“b% fijtpéne device is
Fgg- Ragafrodluausgp lodMQl?ng):f Eﬂm&ﬂkﬂ oh@6Ph Adi@ fi18r, @killriwiee], acousto-
of .cl aus

Th hod nthe s
N L G
whercentingibe osbe ngoingt eri al Ag [0119] 7 The method of
cI a 1 whegegi ks en
AR oSl BPALIRRAL s L BERRl P g
9 Themnstshoduib Fryehl aipslie Blter\ghesast MAWHICGOPRIPT ate i S
al um na [0123] 1Qcqlhigg ﬁmm@@quorfreqqénay&m 1, wherein said

rel easing conpiises treati VVI th a s aci
fol lowed by ¥ st PBRGNAS " @%T LN {ﬂé'gﬁg’t‘%?j“ fSpauencies.

cl apEae3]10. wiermae mesad o Lﬁﬁsle o66gvhareindaid scqnirity ¢ompeeek:d and
sai d strong base i L[QL2a thQ oh
cl ause 1. wf?ere g elsl\% ef%h‘o%]é %OJP(?SE&?[E) ghe?écaed
from0t1¢¢émgl|ﬂ®up consi sting of pulse plating, pulse

current plagj ng LEVRHSGe Bt 1€di{ah §RE P @lekan Boint 3R
doubl e pul se)I pl atdlgln I][ O:eL25 p‘i&ies Thaé%r}fet{ hod oaf E’Oélll aus:ednld?/

f ur CHEFOTEBRPi si AEPOYItE NG udireatonsamviol ecul e
dur iimgdist ep &) ThOh2B¢d dtdlakbes, mélblﬁddl@ﬁcqﬁlhﬂg,lﬁﬁlpﬂlses
wherein said rel e)gms[l ng r'r%ﬁe i e‘l US| (g K sol ution
providi ng a”SERS ALY Fve fﬁli T 15 A net hod,
conpi i si ng [))0128]acqal)mgén@lsqnn@etmpmsmmf@nh ephiticd piygltirathe line; and
into a poregof asgagm[gglg,e LHE RSy di amet ei ot whi ch

is | ess than 300 nm

[0185] 61. A ndnopamcle comprising:
a) a metal nanoparticle;
b) more than one Raman-active reporter molecule associated with said

nanoparticle; and

c) an SiO2 encapsulant.
[0186] 62. The lnanoparticle of clause 61, wherein the more than one Raman-active
reporter molecule comprises 4-mercaptopyridine and trans-4, 4” bis(pyridyl)ethylene.
[0187] 63. A nanoparticle, comprising:

a) a core/shell nanoparticle;
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b) causi ng deposition of a second material into said
pore of said tenplate, wheiein the deposition of at
woeash7age of said first material and said secpemUS2005/013989
mat eri al involves faradaic el ectrochem cal processes
to generate a segnented, pore bound nanoparticle, c)
repeating step a), and [0129] d) rel easing said second
material and said tenplate fromsaid segnented,
por e- bound nanoparticle with acid treatnment to
generate at | east two poious free netal nanopai tides
[0130] 16 A nethod, conprising [0131] a) causing
deposi tion ob)f aafleassie RBtataciivetrgpoaerpiceulofiss@iated with said
temg%,g&g ISE mpcderg]ddl aneter of which is less than 300
E]’ § causi ng deposition of a second netal
into said pofle ofn S anepssitat e, c) causi ng deposition

of a third @at'ﬁ]Ehﬂ\lopdrtl'bﬁe(bfs.l@us@l6@@Lfr€hemhe§:ﬂl|sdldtc&gﬂkﬁthﬁmpamcle
wherein the de§05|t| on of at | east on

Tt €0F Ane i Gap BCBBBHE Tt 86T A Agr g A A el
el epttide Ritipa @&mehﬂb;ass% stlica @Wsaempmxcmgimmc@dremu shell
por e- haund na [ P

oo SR FAOSRALLL) Bl FEOSEIALAFfin S 30 v
t enphedtpertiflesom sai d segnent ed, pore-bound nanoparliclc

to gaRerate & al mbRRSlontpWend 1 ee met al nanoparticles,
each conprising said first et al sai d second

metal . [0134% T 7 comen e AU U ML gy drosiaisy 18,

The net hod o6) cl aude chGactindi@e @ilvtios &kwdhirg@oorstp MEYied a misture of
mag et hod, conprising: preparing

an GO'MUmULe éﬁ%N”md reln sai d optim zed SACN is
prepared by waerehyalsold neopqutidlesis pigducethovi ng mat eri a
|rrgmgﬂ3|blyapqugmhqo%agugm{tlcIe surface durlng t he
course of preparing the wher ei.n backgr ound

si ghdPYf said spect PIRMYRE Beal FewaeTideRyERaEsd by de giethod of clause
speesrum generated by a correspondi ng SACN which is
C\ﬁter g:o:i]l ;nalz Slg)r e[ gsjs'c%ﬁljlm%a Ran—xran dC[l ﬁeé)oxq%r molecul? wf?n 331]51 nanoparticle;
oxi dat i on and b) reductl on. [0138] 2 1. The nmethod of
clause 20, wherein,saiéh %Inq% QR GRPIhse contacti ng
the SACN with U/ generated ozonel oxygen radi cal .
[0139] 22. TheeheOR6H 'oirerdfeduse 20. wherein said
redymbijon cogmrA ﬁi}ﬁ&pdﬁ]@l@k@ﬁﬁrismg the SACN with ethanol.
[0140] 23. The neth ot ”l“ artl%.Whereln said
sol ution of Vepoff¥ 'P‘?ﬁc%fﬁéﬁbqp, 9% that adsorption of
the report erbymay a SERSrctivemrpaticam éboplewporiatedeithctidemsoubpic metal
ot her ?qul ments, the ethanol is renoved by
centr ugati on, and the reporter added in a further
st ep. c) Si02 encapsulating the anisotropic metal nanoparticle.
[0192] 68. The nanoparticle of clause 67, wherein the anisotropic metal nanoparticle
has a shape selected from the group consisting of a spheroid, rod, disk, pyramid, cube,
cylinder, nanohelix, nanospring, nanoring, rod-shaped nanoparticle, arrow-shaped
nanoparticle, teardrop-shaped nanoparticle, tetrapod-shaped nanoparticle, prism-shaped,
porous, and non-geometric shaped nanoparticle.
[0193] 69. The nanoparticle of clause 68, wherein the nanoparticle is non-geometric

shaped, and approximates a nanorod.



[0141] 24. A nethod, conprising reducing the

background signal in an assay utilizing a SACN
wW@aoobiozd4e9 wherein said reduci ng conprises renpeT/NG2005/013989

inmpurities froma conponent selected fromthe group

consi sting of the sanple to be anal yzed, the SACN

particle, and the assay vessel. [0142] 25. A nethod,

conprising a) preparing a plurality of SACN particles,

each conprising a different Raman reporter: b)

nmeasuring the intensity ratio of the Raman reporters;

and c) preparing a second plurality of SACN particles

haviltigdlt he i it &ivsineihedsof gfaust b wheoorthearropartelerhdsia dapheteipof about

thabS@&ngnqm&ﬁgphkgqsgngt has the weakest intensity.

whereby a plurality of SACNs having substantially

equdi’®Peak 7htemeihed @EPIHea Raman spectrum are

prepar ed. [ 0143] Z@mnI@ﬂﬁgm@NMd&fpdﬁlkﬁuﬁ%m%5gen\/\tbaﬁ)ﬁieﬁt

t he inten5|£|es of thehre orters arc %orna g Yo

preparing SACNs GitH"& %%‘?%5§¥ﬂ“ﬁ“%"¥d“‘”%?°?éﬁg”“1md9”&

whernsl n t he decreased quantity is defined by the

inverse of the i nzn%ﬁahgty?gc@rtm[ ‘%i"t (tran i BRPILEL o paticn.

that of the weaké

cl al¥dsl2s, wierldr wew@f RS TR sew‘ “t‘ﬁ@ iy @b@?({ %%the group

ar € c&@fsﬁ&' of 2§t @}(nnﬂlﬁvewdaﬂﬁcr%%d WhetsBandifg L)‘Qt@he@&ﬁﬂcal
Qﬁé Y of sil wher ei n th& |ncrea§ed gqa (¥ é? d.

defl AR5 OrRE? HVé?%% SFCPHR fREE 8y O §TEG W8F Hapand- @

I epdindrescericoiniapiag 9}6&111tchepmgkne@¢|tmlepmglm gwurce p@A®ed P8ige A

SACH,..&QPri sing a nanoparticle core, a Ranman-active

reporter nolecule, an Si 2 encapsulant. and a reactive
gr olfJ98el ected fromthe group consisting of an -SH

gr 0%‘198]3 - NH23 grh@%@bhocﬁﬁ@la@se‘7CQQereﬁrllQ:U9glon[(@lﬂzﬁﬂentz&eleé\cd from
met hod, nmprisin A ?fOVId ng a nanoparti cl @A]
ass&flgéﬂ“f’ﬁ%j“‘é““ﬁé? hYAR Py et %p‘dw@i“ R P Wik S BT d
nan@mabhwﬁharqp% encapsul ating the nanoparticle with

gr %0 and d) i1 m\éth?cﬁoet h99e§'l %8168 tlQ:e arteng[(])l t%gﬁse&féﬁ spectral

del ect &d TFOm group consi st
groupagumwd\ﬂqzam‘dumand a -COO group. [0147] wher eby

an agbhvat ed7SACNh&, m]ﬁsnasoed [0148] 30. The net hod
of clause 29, wherein the np |f¥ conpr ses

modi fyi ng dubi ng TRECEE ARVl PAGN SR P @ plspuiginyolved in an
The apREho datlﬂfloﬁ 1 rﬂUS;&tl@Q withvhe Eigibfinat MOrﬁgﬂlv\fhyﬂefﬂghe SACNSs become

Fggg%fgg% t(r)T?i.Hm yul %so 1dlc$w1tlr tlﬂe ab%gr%gtpﬁc’a\%{\h gtF qu%d f}qu
nodi fyi ng conmrlSQ@nmmdlmywmgﬁmmdgpegem$AQNﬂnes

[ 01%%1]33 Th&ev7BL mqmm pmoﬁ,sg;ﬁqd% Gih&ELI N the
fying is acconp
[ 202] 76. The method ot clduse 5, wherein said the location of the abnormal

pathology comprises the gastro-intestinal tract, heart, lung, liver cervix, breast, and colon.
[0203] 77. The method of clause 71, wherein said SACN is non-covalently
associated with an imaging probe, wherein said administering comprises introducing the
imaging probe, and wherein said SACNs disassociate into the tissue or a bodily fluid.
[0204] 78. A method for labeling an animal with a SACN, comprising introducing a
SACN into an animal, wherein said introducing is selected from the group consisting of

subcutaneous implantation, intravenous introduction.
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reaction wi th am nopropyl trinmethoxysilane (APTMS)) or
et hoxi des (3-gl ycidyl oxypropyltrimethoxysil ane

W@ SENBM3e [ 0152] 34. The nethod of cl ause 29, pdTUs1065/013989
conprising attaching a bionolcculc to said activated
SACN, whereby a bioconjuated SACN is prepared. [0153]
35. The nethod of clause 34. wherein the bionolecule
is selected fromthe group consisting of a protein and
a nucleic acid. [0154] 36. The nmethod of clause 34,
wherein said attaching conprises reacting said
activated SACN and sai d bi onol ecul e through a conpound
sel ¢208d fr o7 tThe mgihodig c B 78 tfirgr afoprsing detecting the SACN or
het@%gglﬁMﬁﬁtlonal cross-1linker, sulfosuccinim dyl

4- ( Nmal e|n1donethy||cyc|ohexane- | - car boxyl at e,

sucdiflc anh$Urt @&hodacwFiedi i ni de, a honobi f uncti onal
| i nker, gluna&ﬂkﬂ@ﬁmd@meZmﬁﬂmnmmhk@l@ﬁemmamdmammummdSACN
conbjnq % ql p or €qoi 40155] 37. The
met REY ‘6?“‘*’& ‘Hé%“ FYPRTRE! ec‘oh‘%r‘u 98" %uri fying the
bi oconj uat etb) BAGNng § BAGBimEBS of Mhessurdt hodecolf-coljwuseS M
whereln.dhe purifying is selected fromthe group
conglstlng of centrlfuqatlon and tangential -fl ow
fil 19247) on. -poiymedod of fhruse ROt whser LB IS cairoatagel with one or more
furhmmﬁmgqapshsﬁmggaktachlng a spacer nolecule to the

bi o j.ugat e he s ecu

per W P he BB ST s PO BB FE By rom

40. tEheupedisitheof coingusieto8din, avh e r@ibmatidreof $pa@@qylin and eosin.

nol db1e is selected fromthe group consisting of

pol yethyl ene gl ycol and dextran. [0159] [0160] 41. A

bi-o¢®&hPluat ed83S ermeBerhyd clase 8¢ furfheremprigng: a

nanopar ti cl e@Epleq@riRANRBKkeRGhd Nfnah GRQE b tistRIs@E3K Bior to step (a) of

associ at ed Mﬁth sai d nanoparticle c) an Si Q2

encéb§ﬁlgﬁf and d) a bionol ecul e selected fromthe

gr oup consi stbi) aguafinghpbaotgiund gpadruan frimctheRonaadingke of the
Oé?léxllxeféi%mol ?e ch,S’«Pa%GJsH%ﬁ rg%léc"AgNa%fachH g%tep gp:]'ot_lglause 80.

bi o¢@A}luat edSLSK@Nmeﬁhoctcrfé?u@&e 8. ihereftha tiskug s %’@mj‘ﬂ vgfhrpge @i more

spag&nmﬂQMgggA@Nq;(wgen t he nanoparticle and the

bi onol ecul e. [0165] 44. The hi oconj uated

SACN
of &24Hse 43 v%é F‘éﬁh?fi ¢f ﬁéﬂ@&éc@wwrj é%‘UI‘Oé“‘ rasghisadickd from
f r ometghRp gEnSistihg ©OASIN SHemB@x )0k, 400k y@ibmali@n® hghy@@lin @adosin.

dex"{(b?g]' [ 01?()6]ThL %%tg 70] of Exuse ﬁ) Ihcr compnsﬁn(’%gl%gagﬁw plg Rg‘rﬂan image
anal conpri

wuh an image of a Ussue sample which has been stained with strongly colored organic dyes

to visualize cell size and shape.

EXAMPLES
Example |
[0214] A typical synthesis of ~ 45 nm diameter Au colloid using a combination of

sodium borohydride, sodium citrate, and hydroxylamine hydrochloride is described. All
glassware are washed with aqua regia and rigorously rinsed with 18 MQ water. The reactions
are carried out in a cold room. Solutions of 0.01% (w/w) HAuCl4-3H-0 in water, 8% (w/w)

sodium citrate dihydrate in 0.01 N NaOH, 10%% sodium borohydride in 0.01 N NaOH, and
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a) obtaining a biological sanple; and b) contacting

the sanple with a bi oconjugated SACN conprising a
worawolasul e that binds to the anal yte; and c)PCT/US2005/013989

detecting the anal yte bound to said bi oconjugated

SACN. [ 0168] 46. The method of clause 45, wherein the

bi onol ecul e is an antigen and the analyte is an

anti body. [0169] 47. The nethod of cl ause 45, wherein

t he bi onol ecul e and the anal yte are peptides or

proteins. [0170] 48. The nethod of clause 45 wherein

t he bi onol ecul e and the anal yte are independently

seI ad1 el Hydroxalaniidydocidordnoh vatar.ecapdpaed. 4 01x7dt of48raicBhé
B&Q}gﬂﬁd sloﬁH QHAiﬁ’caliﬂ? rgd@c%mgmml’@mloqg léls&i ﬁpglrgtp%]unon with

ana are 1 n selected frombiotin and

VT AL IOE7] ] b 0 hSObaT BF! & Naie ARG brepiing

V\'heﬂ@d rﬁ]lxturbeZOb LoBhEGHioRyI@Mde oh@ode ﬂlhe)éte@m&f B0 mL of the HAuCl4
[ nd%)'endent sel ected from car poh \%Lat e 61d I ecli
111 the

[ 01y i1 S e Far s g b 7D ina

bi obobigdtdeti@intnikine iangtyd ietoareaapidideipérdenddnyf Bah@ls treld

fr oﬁ%ﬂ%ﬁxg?\%u%r B&pgﬁ@tggrg B{)t(l)lrled en? E]g Il'ngﬁn%f [esgl % ge]j {1;1 n(ﬁwty-ga%een the
analcweeo%ihfemvrn@eprmdew yd"s@I“@ﬂdé‘d fromenzynmes and a
menber of the group selected fromthe group consisting
of cofactors, substrates, and inhibitors. [0176] 53.
The EX83%3 of clause 45 wherein the bionol ecul e and

t he (@nsyl yt EPﬁﬁz&atﬁﬂﬂmm%ﬁﬁMl& uStb&Gbiutkes SRGUENEREO are

I[S gré:lvzg%dtaéaxfr 19 )Ter ocoa?eé}uwo%gwﬁglm ET Mg g{ces%lnn(%naare lﬁgpcf tﬁrouoh

sal D2aym Bsgmtraney bet(ﬁealrem,g phdai the aditobrer Tiedonied ce)dufnlnun}d stock
uri Qo l’ltlotlseigea?]ﬁoqa 1caﬁr covgrg(g ?191[[1% g:%r}é‘l to r%ddée[ééakgg%?%lgjd t'[Ihéll

fluird, a cellu xtrac
met ﬁd'dwlneetﬁwwnsarhgpwéfy peonedact i ng a sanpl e suspect ed

of contai ni ng aﬁL@nﬁby;ﬁwwmlm@t | east one specific
bi ndi ng partner to yte on a Iateral-flow assay

surface to bt nélthc?zf/” é/vé??é““ﬂ}‘tcér‘fer&‘etﬂ?’ﬂ[é“%%lprﬁl B Nagyt
previously, 3i nuhi aseousioty@ning jaseadedttih #.d.0 St ep

E(_:]‘(:I)S”A\C:ill nglngg%) deﬁaﬁ{% gwr}e) ﬂ%%Réth) I@}\J (?ll—l \\Iﬁlcgﬁrg?eg?r%d t\)lyl ar’lluuon

presence of theftmmcybéuuos determ ned in the sarrpl e by

the [dZE]& ensi ;\M r&gtloprﬁéﬁ%g o&fm 5 Q)(Fd r%!ng %r allmvr s@lmfonta tbereach the
presence of at [east one analyte in the sanple iIs

. det &mprAE.of ho10pg} TBeHaukLrielpirsds PlecehisriZd rﬁk}j‘d bgtyom flask and a
Pr 0Viaglist@in@rodGih o§mm@dd¢equmkeaad hQ uR rﬁ»@ao SRNRE Air m@ 1.0 mL of

g;g\{}%i&%égﬁyﬂ(f g)'l%%m is ﬁ(gd%i? Il&gﬂlslydn snrred Ilmletdxr]ne?y after t?e addition
of the hydroxylamine a solution of 4 x 10" % NaBHy, is prepared by serial dilution of the 4%

" stock. These dilutions are made in 0.01N NaOH. Then, 1 mL of 32% sodium citrate is
mixed with 525 pl. of 0.01 N NaOH and 75 pL of 4 x 10" % NaBH,. At 20 minutes after the
addition of hydroxylamine 1.0 mL of the citrate/borohydride mixture is added to the reaction

flask while it is being stirred rapidly.

Example 3
[0217] SERS Spectra of SACNs tagged with both 4-mercaptopyridine (4-MP) and
trans-4, 4’-bis(pyridyl)ethylene (BPE).
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binding to the cell or a portion of the cell: d)
provi di ng a wavenunber filtering device between the
w@edob/0233d9 t he canmera e) acquiring a plurality péT/dst0as5/013989
sets; and f) assenbling the data sets; [0180] whereby
a spatial profile of the SACN is acquired . [0181] 57.
The net hod of clause 56, wherein the wavenunber
filtering device is selected fromthe group consisting
of a nonochromator, a notch filter, a filter wheel,
acoustooptic tunable filter. Fourier transform
interference filter, a liquid crystal tunable filter
and [@d8Tbi naMuerigs:of aidrheed f@rk gopangiony 0t 827 MEB disflked through a-
met %qustpafd nf O?Mlg’?ysé@\ \Mﬁﬁ{oﬁ%&lﬁﬁklﬂoxwylﬁ&%wws f}iéub?hhﬁkﬁi

devi ce conp ui d crystal tunab
sai alsa&ﬁmprrmﬁ gihyrdip st@shyda’)“daceﬂm batefveriteahygrox darping st
fr eﬂy@&ﬁh(mdeangishk H- bﬁﬂﬁl dtM]eﬂ@@SlPE}' Hfﬁgarcdfﬂb;ﬂma&e aodlum silicate,

second and supse nC|e
ot O P 1 (B0 BT B G AT i LR Fs s
az] GosSemsiAlgrichi GRE wherenysaligedighee pei nt of a | ocation
thr a ; .
ngdﬁgig a_TenRehl frpnﬁ;,,w 350 BAEGH Rd 08 Jriybgrag RERLRLL-3H0.
) r‘\epf@at sotwgong P! 4t sodhyyn %ﬁlet ng F“éo mMé’a@fP@#@mE[}wifsﬁﬂmeewem
The p%ﬁllmﬁimﬁd‘imt@l!y @H&Qo }RthesRNRL [ﬂs&ﬁibﬁi oﬂ@@%'séduﬂﬂborohydndc in

nBrlses iting the, sa e wth a |

r adP&P} %ﬁ‘doﬁ) Aa“f:’%‘r FidHe of s b&'(r’frﬁébﬁ“é‘i ‘@“@B‘é%i”ﬁrﬂfﬁdd‘f“héﬁ‘b%‘“ of the
spatiudk afi 3%6hLL bﬂ[h@ ﬁ}@r(}'xyl@lﬁme ﬂﬂdmﬁl}dl 8&1 @mﬁbr&gmtohzeo hiLRE0.01%
across the sanp part

conpruE1e Hegter ‘él%"“ét“ % il Tﬁ‘gﬁéf'p‘ﬁf‘te ere %‘j“C"beé“ FHREN" SR
RaW&m%&&hbwﬂ&ﬁapmkhﬁﬁmﬂﬂh@dﬂh&Ja@&melated wth said
nanop t|cI nd c

The Hopar ?AI%I?é)reéf)an?n A%‘ %ignq %B?)QJ?(QIQE in E)B&%@l]mkg A typlCdl
one emmaﬁu acd pal qfé@omtcelﬂ<>ldxdillee®10éi v@@rﬁpﬁqresieﬁreophlhc th the
4- mﬁ&%ﬁh@;ﬁygfllwlw APhstah @0 Bwhd toiir for 15 minutes, The Raman label

bi s(pyridyl th l.ene. [0187] 63. A nanopartic

conpiitgr f§9 wa " Obi-aEsRITIdiagTeH &Y 1l & 18 ) B%ﬁ) “1"@%{@?‘1 to the

one scﬁ?arasarwmtway &eﬁ aped toer's mallus&umu@s FoR11 At @GnMbtolF4% sodium
sai d core/shell noparticl e;

cnc et G TR auo At £ G- af el alengant of HOH was
f ur tdved towlibe,bmwh &ab\dedcb@n ellsdielM axmamm(ardmamblmnn 20 pL of

2 E le |e€|(l:l'"(:1 eg}g’ ({I‘ nﬂ cate gl‘ E,gj’&g ecrgQ ns\!\:/(i}' rE]1 F(f W efd [Oaprl]'O c'g‘é'l or 1

cor'e
purifying via Cen[l‘lfllf.:d[lon This amount of TEOS varied, if a thinner or thlcker shell is
desired.
[0221} The resulting SACNs had a mixture of two different species of Raman-active

molecules, 4-MP and BPE, in a 12:1 ratio. SERS spectra of these 4-MP/BPE-SACNs
obtained using 633 nm excitation (Trace A) and 785 nm excitation (Trace B) are plotted in
Figure 6. For comparison, the characteristic Raman spectra of BPE-SACNs (dashed line) and
4-MP-SACNS (solid line) are plotted in Figure 7. It can be seen that features of the 4-MP
Raman signal dominate the spectrum of the 4-MP/BPE-SACNs obtained using 785 nm
excitation while features of both BPE and 4-MP Raman signals are evident in the spectrum
obtained using 633 nm excitation. Thus, by careful choice of two or more different species of

Raman-active molecules, and their relative ratios, it is possible to prepare SACNs that
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particle, silica core/Au shell particles, silica
core/ Ag shell particles, alum na core/Au shel

w@aoobiozd4es, al umi na core/ Ag shell particles. TPCQRUS2005/013989

core/ Au shell particles, and Ti Q2 core/ Ag shel

particles. [0188] 65. A nethod, conprising, a)

contacti ng HAUC14 w th hydroxyl am ne hydrochl ori de; b)
further contacting the solution resulting fromstep a)
with a mxture of sodiumcitrate dehydrate and NaBH4,
whereby a gold nanoparticle is produced. [0189] 66. A

nmet hod conprising, [0190] a) providing a gold
nanom@ntwﬁhemmm$pawedﬁmywahednkmhwwndkcsﬁ@dmeuﬁemmm)Tm%
asS QAL N AaRATAYT AGLLYE/ GRBIKEr Mol ecul e wi th said
nanopartl { encapsul ating the nanoparticle

wth SiQ2; mhereby a SACN is prepared. [0191] 67. A
nanepafdid £1 e conpr|S|ng a) a anisotropic netal

nan ticle; a SE active reporter nolecule :
assggsgted &F?ﬁ&@&wam ﬁfgﬁﬁéﬁﬁﬁsc metal nanoparticl e;

c) 8i2CP encapSlidadedificatire Thakisot shejoaf cherBAICAk can be functionalized to
nangé)\‘ﬁﬁgé &Jlﬂ%’dﬂ/ﬁ Qr;L?P%Lith@?dunIpﬁie D&y Qgﬂgaﬂggltﬁe SQJ) Sq:l!:]ﬂ(u(%%d

S hap@d'§1e41'e@t> @daffer Bapheh édﬁgmupmeletﬁlg if @mﬁggp%fm@fhﬂwon )-

- sphapesd, r QdPosd-Wﬁ)'ﬂlﬁcﬂYJnaMegare ¢ ShaL b@tw df@d@Ns according to standard

rod-sh

: nanohel|x nanospri n nan
nan Bf%?f(f ¥ ler%ceedatﬁrf()a gﬁ‘d%féapﬂéfﬁ grb)a/}ht i«zx&fpéthat the SACNs should be

t earduspprdshapad l(maD(i)p&nérldﬂérG)e findtcerapfogtisi agoedning negligible
nanppat llnsclleaev’es %%ﬁ?&e‘rﬁ 8%8(%" e@gjt%#ﬁ()m %%n o C(g%ﬁ ? 4(9mL of

shap S}?g nanopar € nanopartic
cl agbenob@ the\iideNei anehleod@'a\mwnw streing, addnignl gpaenmispied BH.OH

S hap@% 1. 2NShk @RI BN fmv’t’lﬁﬁ tis i anﬁr‘goﬁilal[eqjsglﬂﬂionzﬂdt iEheo pL ethanol, 95
met hod of cl ause 69 erein the nano altlcle has a

i aﬁ%feérr‘eﬂa‘ﬂo”ﬁbﬂtff“eQwsnﬁ‘ﬁ'ﬁﬁﬁ”tz%ir%fnﬁ5 (bout 250 urn

[ 01 @aicaploptopl) kBt INOG siROOIHTIMS) gluﬂb#(waﬁmﬂ) M(Bitle(ﬂ illngf lﬁis SACK:
nan?e?far FvlelCI‘)% plLrTr%%ISngd @geﬁ%Pﬁ‘ﬁIS?m%e S mmq Ag[)s‘s and ?“ ﬂl? reaction

usi n an peT orm spec
!nagnmg;uhndﬂ@y @eﬁébnmpmgﬂaﬂmpeakuﬁnmdPW¢mﬂg@umﬁuﬁhnmﬂm
I nt ﬁ{\ﬂ@él a R on tnl:uneo Q\Qltl‘é &%le CQ'QTQ(Q’LI o?gthﬂ%ﬁm%klagdeagénts

clause 71, wherein said systemis selected fromthe
gr ofipuaRspsoStilrigOofltes e higt! sBR-anni ng conf oca
M c[e235j0pe, CADireMGURMIIND PSSt LMo pRParEPE( GBbatch of SACNs

Coher.ence nF p ystem t hat det ect
¥ (4 Y 1
onl i}sn&}é{f&a co ﬁa]s lﬂ\e ongl E fH%Blé'Ydhe éobf:r(rowtﬁi step. As%etorc add
mL of concentrated NH,OH and stir for 5 minutes. Then, mix 47.5 pL. of TEOS with 2.5 puL
of MPTMS, and add them to the tags. Stir overnight and purify by centrifugation,

resuspending the purified tags to 5 mL (10x).

Example §

[0226] Bioconjugation of SACNs

[0227] With thiol-activated SACNs, biomolecules are attached using the
heterobifunctional cross-linker sulfosuccinimidyl 4-[N-maleimidomethyl]cyclohexane-1-
carboxylate (sulfo-SMCC, Pierce Biotechnology, Inc). This molecule contains both a
maleimide group that is reactive toward sulfhydryls and a sulfo-NHS ester that preferentially

reacts with primary amines. In this case, a simple one-pot reaction can used to attach
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fl uorescence i magi ng system conprising an excitation
i ght source and tiltered i nage detection [0197]
W@ B8M8y3438 The nethod ot clause 71, wherein theCT/@g2005013989
of a patient is selected fromthe group consisting of
the whol e patient, the \ascul ature, heart, |iver and
spl een, the gastrointestinal region [0199] 74 The
nmet hod of clause 7 1 wheiein the systemthat can
perfoi mspectral imaging is a portable system [0200]
75 A nmethod, conprising a) introducing a plurality of
SACNs targeted to a nolecule involved in an abnor nal
pat kaiprgiyinj ati shoaldpatepdtytadagiabla td hvechatsnion medt ppetin of ooy,
whe associ ated to a nol ecul e
ass@?!eg{%gﬁ\b\n t g%gﬁ%gr mal pat hol ogy and b) -
obt #128Ing aﬁdgﬁ FAYPIRGNGEEU A @rigide B gl SaCias @ipgjactivated
V\'hefaebbﬂ deRriRReSVEE]rst RALIISI Y stkepdavir 1615 agra;os ae émz’f}r (0.54

TS e S AL L B Lot on

gastdénoentradodBdnd max wtll a8kt whiglaou | Inurmgsultbi_SWEIC ané pddi ixto the tags and

bre "7 n w € I O0Im nperature
w2 ARG bORREL T oI 6] OB RSy g
i magiterg oriohes aroikehicdivn cegifeRapeimindirgt wensing 1lbwaPB§é>§ffer A
| Nt LRAUGINA (b, 18 fihdTedicOgrahpbrass saRg b%&fe@lorhnﬁﬁh (OAGMNEg of

di sassociate into th e or abdll fl 0204
75 R HRCHOUE FEPTRA BN N RATHAIEHE L Ao ter roihs

con‘phdhmmggmmmtheodmlbm Canj@ﬁ@}\lwhn’gtsm1lan1nah®dmlfmovd‘t§ntQI pver the
Sal ol EQGUELGL 50BN HelERMeL NG o BiR4R0 GRRRL Hek e the

rea tlon rF e ﬁ
of su aneou ant a , Intravenou

i nt rn@kmu@q g@n{p@ﬁ@ﬁ]v SWth@mnemmw agfeoys| salydens 780 heird-her

c on'girolngﬂeaﬂks gzﬁlttﬁ(é&lvﬁgd E)h@acmmos[llfé sheted 38NbeRInuk OR8] ed by
80 A net hod irqrgrlsm %18 1:scontactln a tissue sanple
U

wi t Rurcatioa ga ¢ d"d nYFOBRBY N RCFgat %faalgﬂémdﬁaetf? cle
capabhelcafic s eqitkideatly yidbd wdilngdryiemetig shicgsue sanpl e,
e b R S T T

[ 0207]resgcht i H‘bpeytmréteh@laucm@ 5¢% Mewuldrohsh#® Ad2RRAEbipesig84”) en be

cont,ag to%athié]h@ﬁh%b@nrof H‘Bfn@le@ﬁjeq bO&Jn@ Qﬁhe SN, S’Q‘Q\Ltrong visible
reagents [ 0208] he met hod of Clause 8 1, where the

addpitspana of rhééggh‘t sqgsesé st thschighORTSHE HFreERet detection rather

C0nﬁiaﬁﬁduﬂgoﬁfnoﬁ@ﬁdnﬂletrilaﬂmb&l)(bﬁklhdﬂno lﬂ&dlyﬂtcﬂﬁcﬂtﬁufdah b@dﬂm(&ﬁc) for
cnot oxg@l n and. eos,riélsr 0209 0210],.83 The

C| autgegtd n Qfl"tjl}l P](glr relx% (1%1 seful lh araejon where q\e co]Rndal
bac kgtidesmaveRaieabsorpraigehidf mghtti ms@m&ew@anph@elmuqo Alltlgorescence

st eRiez(sﬁl)elerts \%rglld?o% uﬁgg a ﬂM()log-3 from Jobin Yvon —~ Spex.
(0230] - To alleviate concerns that the highly absorbing SACNs may influence
fluorescence measurements, the experiment has been carried out in two different forms. The
first is the most straightforward; biofunctionalized particles were.incubated in with the
biocytin-594 for a given amount of time (nominally 2 hours, protected from light to avoid
photobleaching). Tags are then purified by repeated centrifugation (2 times is sufficient if the
amount of dye is carefully controlled), and their fluorescence is measured.
[0231] The converse to taking direct fluorescence measurements from the tags is to

measure the amount of fluorescent molecules that do not bind to the tags. Again, tags are

incubated in a carefully chosen amount of dye, and centrifuged just one time. The
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(b) subtracting the background spectrumfromthe Ranman

i mge of the tissue/bionolecule conjugated SACN
w@anobiotd4es m xture acquired in step (b) of cl apeEUBD0S/013989

[0211] 84 The nethod of C ause 83. where the tissue is

contacted wth one or nore additional non-SACN

reagents [0212] 85 The nethod of C ause 83. where said

additional reagent is selected fromthe group

consi sting of eosin, henotoxylin and a conbi nati on of

henot oxylin and eosin [0213] 86 The nethod of clause

80. further conprising conparing the Raman image with
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sol ygi.pn and 500 nL of 0 0 1 N NaOH After preparing
this mxtuic 200 nL of the hydi oxyl am ne solution is

i nj é@B8d i ndpexpetedphishst anpdyats eadgp {ppepvelsf Boupdplot.

Er | eRamy I%rthaf éa@ﬁkleut@mﬂl ¥ U‘@N)Vw cﬁﬂablﬁedb rﬁflltgerbl(zgﬂ FoR)uta®h 1o the
t he bor oh%(l(w ??/ citrate m X

ected into_th
F apPlG Sh PRk e gt Ord st e SHag oyt Al R
Besu\lememdnt 'Y nafeeulslbba@idneehchiag NBduheeistreatcur o the puie MSAaDEdated

t he pdryT Ts tﬁq It?CI'L]l]d 1({(\% C%%}%{IWQFO g gc?rrgg‘% ()[Pegvgles\ b%(u‘iae(% c%d

repar ation of
ol damxacmwpmrmlsei @8siBmbeikh \@01 Iow fegeisofppn-pgei (0 Bn@eeximit aoeld be

pr e@?}feﬁé’d @tcoﬂh‘gtdhgr{of:h%?\%c(%@()@@ﬁ@l@mirjcﬁglhpte HeWhidled. N H O
These sol utions are filtered through O 2 nm nenbranes

before being placed in the cold room The bottles
contErinfipldyy t he stock sol uti ons are also typically

cov in aglumn reduce exposure to |i ghtl
The?ﬁ[zg‘ﬂl owi ﬁon gé’o‘r'kJ ?'%ﬂg%g Ch‘"dC[ Vi cally prepared 1 1 OL

of m283% I—lae@mesrvhHa@rzatB)nn@ 821%1@ wipe menodisudeyiead o detegmine if
dehth @ép?wfdrﬁ CleQd §Ad}ll sN@Wsp’émﬂrQﬂl%né-lzl@t Ayganzﬁ @Sﬁxﬂg‘ﬁm&@ of a

R|J nu%%:qtme @th‘geT'MB@pW%ﬂ’aBd witkygitheriti WAy lged- ?%Orsl%so“c%' ncubaing

sol whth @0.50:Q346dn iAPBS fo?ﬂhﬁtylnﬂﬁlﬁesal/-\ﬂ wWe B Wdre@le rOMshddid tidhes with PBS

O SR LA RS0 RO RSO RS BE

[ n a.12 BSA amand] % awiterpefitl3dSk Aferdsprating the blocking solution from each
well, 20 pL of sample and 20 uL of PBS were added and incubated for 2 hours. The samples
comprised neutravidin (NAv)-coated SACNS, streptavidin (SAv)-coated SACNs, SACNs that
had been thiol modified (but not conjugated) and control tags with no functionalization of the
silica coating. Wells were washed with blocking buffer for 15 minutes, followed by PBS (3 x

5 min) and water (3 x | min). They were allowed to dry, and the amount of bound tag was
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glass stirring iod wwth Teflon paddle is inserted into
the flask to provide stii png 1 0 nL of the
whyoodnosayd am ne solution is added to the fl askpemds2005/013989
stirred Iimedi ately after the addition of the
hydrox>l dinine a solution of 4 x 10 4 % NaBH4 i s
prepared by serial dilution of the 4% stock These
dilutions are made in 0 O 1N NaCH Then 1nL of 32%
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fl a%b‘l@ lek &cnl: §ch<% gs@o‘ixldétgd%qscﬁ le!hg %ra@%(mjo%cg’ofwellsthat
[0217] SERS Spectra o agge
méf plpe@lpycargdi Rlee If,%fv )SAaﬁl.s l{orl%\glthinohéppccmcgr Whe biotin coated
pdylw)e@JJﬂNle@lnﬁe(( IB{?LEI)({aneLS]C bl\»{a’mepﬁiﬁ A&k @tvelds ﬂdwé\@f tlHiol-
preparati ons

ed t h a B
i M S L A R R
( APEMB&querHAuﬂuAedd Haye shpeodatulis ghetangh@ adin bwdmatd:,by blocking the
sodi_\l [
hyd lp F%{M)? a%)fe( Qdaesmaﬁ‘ QIQJ)ulAng%%égg%g yt?c?ea fk%;ijtrlﬂléb{] r&%spendmé in
( BPE?S aﬂwéweramlww peiSAE and Vﬂﬁm@iﬂeﬂ Eat were fPé%lf*%\@t Bigpin. the
or t REgbek bioAG b(n&EQﬁbe;, th@tvYd préki& ohakn taaﬁlgs 1'2eaQ1rM BWDREBds.

i n et hanol were obt ai ed fr

r ec\EPEFRY QPP ATSEY ‘g%,w[l é%i@ﬁ %@%.W&* Eﬁ%ﬁ“ﬂ e T
nm @k apprdprldtat\mwa@s pheapabecf bauadrlddAipbrds\SislA e rAdee byidirect
sol lr’lnte \b?l%%]elg an gxglcg ﬁépﬁ tn% eThQOQue‘lgg‘u by the tv 0 meth ds were
hydroxyl am ne drochl oride vier e prepal e
ppOPOIIS'ote@)ﬂﬁtlh@S?l)gﬂlh%‘gh digest falogmew|nt9w1t9ﬁm:ltedlw9xxs<$>@dvq9m lower
bor Qiyyich:. PER alde® n@fbkr H i otn30Q o x@lk&tﬂ odo pgof naH»]J aRicle

boi ohyd pde solution was mixed with 500 oft e

ci t MEEORYAY! 'SSEOTAONBEOr-he hydr oxyl ami ne and

i mredi ately injected into 200 nmL of 0 01% HAuC 4 under

VI garous stirring The size of the resulting particles
ge’i—é%inzrs ed by transm ssion el ectron m croscopy

u5| ¢3¢ImagedligofdantdeCn@220p SACNs preparation All

r ea%”hﬂns W@lln-eesaxﬂgguflt@ 'Sm thmE{LﬁﬁEc'. 196dfa|b@v%KASds ﬂc& M)mlrﬁahunc
experi nment used -nm col l oid The col |l oi d_ was

r endfEpisgied Olﬁot"l“élé‘fjﬁF‘h‘e tf\mlmdlﬁﬁb&%{d‘&r P AADREN g1 Pyrifiratiqn 2
APTN- l@ﬁh@d@&r{llﬂﬂml FyOstrGitdi was kndlibatk® with mbltnedihér(hﬁrtia&mdnutanon of

l ab Ie ﬂg?fr)c(;[f%ﬁ %Owerﬁ%g%gﬁéondgﬂf%mgﬁgn %Lf%t O{)X%? mdmted Z:}llat dbout 15

t henllg)hlllcﬂd()&d]bs fvaie bdind adett naoepailticled Qligoes:ldbiidea very dlr@tIthtached to

pl L % 54\{91@]9&% Hl@o lC‘eb[?(@%ﬁdd%%tlédlg%dlt @&denélur Qt\Méﬁanan the
eac 42 hours Al te| I's time of

addéed dncba RueeopRase itleether. foo“I”PYfmé‘der‘i)edltﬁ‘F_“e@f szowarmtﬁﬁf?%ncy

(i nTﬁlL Hl@(ﬂ)@&laedaﬁﬁo@ﬂatﬂyIQ&hg,Bﬁkfe&@iE*Bbhﬁiﬁﬁd’]@&l daluﬁﬁﬁn@lc Amine-
Thi s reactlo roc edfor 1 da

(T

bt OPUTBUMATY G oo D (S Oi o Lo S o o e
TEOSchanllf(eSMCC Ehemidily idexaiétred oo v, Iauhk\emh shigk Fesuls. desned
[0221] The resulting SACNs had a m xtuie of two

di fferent species of Raman-active nol ecul es, 4-MP and
BPEEkampke 812 1 rati o SERS spectra of these 4

MP/ B3k SACNS OB AERSH cURd Y 18R cﬁ‘mlﬁﬁl‘aﬂl\R%¥)ﬂ1chdé(s-Efeaﬁ>§they
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4 MP-SACNs (solid Iine) are plotted in Figure 7 It can

be seen that features of the 4-MP Raman signa
walooncnad4es t he spectium of the 4- MP/ BPE- SACNs ob¢BURBES/013989

using 785 nmexcitation while features of both BPE and

4- MP Raman signals aie evident in the spectrum

obt ai ned using 633 nm excitation Thus, by careful

choice of two or nore different species of

Raman- active nol ecul es, and their lelative ratios, it

is possible to piepare SACNs thatprovide different

Raman scattering spectra depending on the excitation

wav edngrgd Rariofhdinsuatk bicwstaggm madi anil opabringgheatsulphy signal. These

mul tispl&d AgvGRRRRLLI ty. Exanple 4 [0222] Preparation

of thiol-active SACNs [0223] A. Silica Mdification:

The [‘§2|3?]| ca ShédmongriephRosahitin: aRpc BeS A dhtsiderpaligdrad At

'bfears]ic{?rdﬁﬁplﬁ:ﬁdl fng)écctﬁry;he ?P@u&zx_ bR ect Bikich o MR eQRUMSE the

of nmaki . SIC s "dir

ot t Srciges f eSS b pvebing ol why e e was donlea

(" postughdd £ 0.8 AtAinoirroscope objeftB2.43seBhroRgst holpdplfi aoathifidter to

Pr ep@&??%lé et 104 ﬁ/ﬂ% %g&wnng i daéc%@%q liquid

pr ot oco Proceed throug stages o 't ca
gr ontiegeneRPgECR- hapectiapsreSalisd M&il"ﬁl‘%v?'%?}gﬁé RAeys guing
onl Yhi@ nﬁﬂz-thle nanVW:t\ﬁJ‘s céfih®usly hlﬁmfnht@@-' The Silk: ﬂ trb gﬁtsiirﬂ:me is plotted
Assun1 E I gi aves t he SACNs. %f

‘ﬁ e, with

l I,
b A A Sy BB e R s T e BR B S Ao
of etlpandk ldsoinbibel SAONseursUnder noder ate magneti c

sti r(%|4{8]g a?%&'{{ﬂnd&ﬁtp %?tm §Q&I€sqs mwagjmggo"f/g de‘hoﬂstrdg%g fwo

#97 S 1s stirring, e a solution
t hatbatihgs gfd@ FBPREAENolin 3598l merethetledfestang hay tHisd3es werst e

( TEQRicenda@iMBodf 383828 n t@ﬁgn@ Wla ;{r&(‘] 5X concentration. UV-Vis and SERS
nercaptopropyl%trlnethox si | .ane Fl uka #63800

)
Add 00 T B PR BF 1 BT e e id
and SARS bdThre MAENG)boiliog frh emstymmr burigle SAGNS diffaredceah bamventrinen.
rea roceed [ i Purify by repeated
cenﬁﬁlggEé&m%%wngﬁ ndts o%#d% émh%%uspend the pellet in
water a minimumof 3 tinmes to ensure conplete renoval

of &xheny} and excess reagents. Resuspend to 5 mi

( 10fh4ff t er elilgcd dr @@Lh 8 Bhibh refrOR:2B1iC.  Di r ect
Modi fication: Aga n.to prepare a 50

In
sAchE4%si ng ??ﬁ?@ﬂF”ﬁBﬁ%@?ﬁ%W%O“ ékéﬁfgmaﬂﬁhﬁémfﬁ O
dur ipfogest, A eotBoDbd@iNoigy oart hac&ta@npwené\&bcb@lfmﬁeTheaedﬁb]ldeﬂterefl%ed to

Zg n %%ﬁ%\t_rg ff‘ Spggﬁ&jﬁgﬂreﬁr@tc taos usl\}pjrc%}éryall d)ﬁ%@ogtpoq Qi;]ch rl‘g"dtxh The

t he( rtoaguslzedStbsprpwepqqtrththeafrmll@dﬁrqlq‘ oty indggiter il f angd nmmrem

r es%plﬁw‘ermE hﬁnlﬂgﬁér d“ @gpe a@g&n 18e > ML (10x). Exanple

5 [0226] Bi oconj ugati on of [0227] Wth

t hi ol -activated SACNs, blonolecules are attached using

t he [dasjer Obikft&fnﬁrtni‘aﬁﬂﬁ?é tthd'o@GeSmltlioﬁ]Kﬁ&quﬁlﬂddﬁ@Sh&l@hfﬁi} fanglglof each

*
( su{ (}/hbtxogw rﬂs(ggﬁg res Ot eag Ingcnex(?gscl:ng:ﬁ?;;nqg ld[g)% SFRS suginals

comwalems)nbmdm the maioepem G@?@rcmdp(nvhaqwnv sUw@a@mm@cs lhe RSD of
% w flhg%r Yfloﬁc QMme%HtlhgrQs lle\llﬁ@/e@%ﬂeerr:mﬁ K\ﬁ'«t twelve samples
lalTy reacts with primary amnes. In this
casé“"%“@ﬁ§8ﬁé7éﬁe pot reaction can used to
attachstreptavidin, and should be readily adaptable to
attachment of nobst proteins or other nolecul es that
bear primary am nes.
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[0228] Tags may be concentrated prior to conjugation.
To conjugate to thiol-activated tags as descri bed
w@bwwem73489 r st add 0.25 ng of streptavidin to Spei/USDs/@13989
nmM PBS buffer (0.54 MM KO, 27.6 MM NaCl. pH = 7.4).
Add the thiol-activated tags (5 niL at 10x
concentration) and mx well. Next, weigh out 1ng of
sul fo-SMCC and add it to the lags and SAv. | medi ately
m X by vortexing. and react for 1 hour while rotating
at roomtenperature. After 1 hour tags are purified by
centrifugation, and resuspension in 2 nmM PBS buffer. A
snmaEkangiolont (0. 1% final concentration) of BSA nay be
add?(ﬁd O m R' P} g.ﬁ n’:ohg a‘?‘ltsbtﬁ}ﬁlcmgnop(fds Rk Ellcu%t@rsl 8t9@ nFnhe

centrifuge wa hi's reaction utilizes
st r EB3¢8vi di Romperpialty 4 wbl?lé feglagep-neth dHfersgt RoF 28 6dingty 90 nm)

have.cRee &Rk waaiosdos ldmgbnsplmAh ainonset BOGSatel Ag) mam 1 um
contr ver the reaction is n sar he. p

| o
can lb scB/Ie as, ld)Hn{};astugan ate nrgedimle eetl 6“?‘{?808{“8&@16 lcmplate was
Becausﬁm&haonak&mnxﬂmn@r®upmbbmswhﬁkyQMﬁKBMquumkéwuw
sta d . T SHON int
canQ gm{é gg[r?\q}g@)g%‘ig%g k)xl(g écrq{égqué %Q{;)er{l&%g f o'w§5) {)\péT%It S&H(g ftRn into
30- ¥e@oms efltresthich| rwbmoﬁubyrqlpﬂw the deatPeROYIN AT HEHTCE FHgSting

~col UMkerndthe R uQRE KB iligtk BMuﬁJde@B@&erald @k KIdRnAGdrd Wad: €less

Cu BReo i e g e 1 G5 BT e g

(|nmkudﬂﬁgmghbemiAMM@mnuemﬂd&hmmmﬂmymemﬁtﬂmamxamdutmeAu

fl Ul sras l otal number
Pr oB‘és é ﬂ&fé%ég%yﬁlhﬁé ){;ﬁélﬂs gg%%g n t%e rﬁﬁg useéﬁ%h‘] AL total b
quanf juings eer pére weLetsERinggfby Me@m@@uﬂ aierpdepdiranptemplate)

SACNScenlBGonDE AQﬂzgml\()Hﬁﬂnmoﬁm@bsor pt' on of the SACNs
Sugg(est s use of hi s sensitive fluor escen

ot BRtlon r e Atidh Ieﬁf@r%é S BB BF PHETPIFIE pore diameter.
net lﬁﬁhdﬁ)re(dhd’r‘r@leudléﬂgmhhd)m n"myJ abedaunarage syathester for Nanobarcodes
p:(rjop.)x(r 1(99‘85{%1 usgg 1rn C%)Itlsld%P(.Llfrel]t mode g’llja?ggtgc:)fgﬁlkv\gﬁdnowwﬁq\?llh 59 stripes
col Ke@ﬂdaipeé@nmukmg)essqthawév plpltxt ine cabspipte lcadingteche-rimghal to 3

i nt Qr]t)]e!&@ nWoFons/@F\ﬁ@tg Elﬁm@&tﬁmmﬂritedf | uorescence
measur enents were made using a Fluoral og-3 from Jobin

YvoH24715pex A relgsospypocphwas deylApet waris i @riirddissfytton phige Ag

hi ghcluysuatbsmflm ﬂ@eSAQNBnde ﬂomcfvleuep@elpfalemﬁm@emoelm To
ot \Agfc’)xgr e eP gpd&es? Eehr?géger ntfnr‘];[mr?cﬁa %}Pot?tesll {ecxﬁ"e (slel'ldssembled
st r aloghityeomaeirddsd thiheNaB tdimongadnapteailipelntidne Eesnplve f@ short thiol-
' nCUQ@L,ﬁ , lwumcf Re L@.%d;pdeﬁag%ﬁ IME) S p%maom mtwm Wit
of tinme (hom na hour s rotecte rom |
avoPﬁwﬁ%%ﬂwﬁﬁéﬁﬁﬁMﬁ@ﬂWEWﬁgg‘%ﬁﬁmfﬁ@ﬁuﬁﬁﬂﬁﬁﬂéﬁTﬁy““jW“hme
r epRahtesoRBlhdidcugaih Qﬂ:rr\(a!?-vetnheﬂﬁﬁ whigh mwcb@we&atreeurh dahe
amount of dye is caref control

1 ubreeeere B et piosn BOkunBr et Fpdisotuion.
t ak Megagtbphet (l\fllP)um‘ 2gdsmicehipg@SHIr ement@ssfullg uyet! el deagsstrated
is t0 r n J X
do ROpTRATHFu A R el 17 O BRI STRLEGS £, R Bha o0
a cafen eﬁ\lulpyn@msleﬁedan@lwt Figgre dwusuawhe Beitani spasyeef rdt nm
one {d 930 hhesURRELRAE RNk nmear ef ul Iy col | ected and
measured for fluorescence, The a e _fhat has

of d
bouHd*lo t nEhGEAPtaCIuEE BafF ¢ @ﬁ‘ogg’oﬂ%%"eYW?yﬁéﬁ‘CW“‘ for
Subteirpitck @fih pdre dilhGervad ue ahd M DilfferekpoMaplDing g:!cllﬂﬁﬂues (pulse
concentration of dye. One |nportant itemto note is
t hat non-stick n1crocentr|fugé'tubes (Corni ng Cost ar)
were used, as the biocytin Alexa Fluor(r) 594 adsorbs
rapidly to the walls of regular tubes. Simlar
protocols can be used wth fluorescently-|abel ed
secondary antibodies if the particles are conjugated
to anti bodi es i nstead of avidin anal ogues.



[0232] These quantitation nmethods have been used to
show that the anmount of a given bionol ecul e conjugated
W0 000bl0e3488gs can be controll ed by addi ng i n ane¢hes2005/013989
reactive nolecule. In Figure 8, the nunber of biotin
nol ecul es that were bound to nanoparticles conjugated
wWith varying ratios of NeutrAvidin(tnm) and bovi ne
serum al bunmin (BSA) is shown. Conjugation conditions
were equivalent for all reactions, with the ratio of
bi onol ecul es being the only variable. [02331 As
expected, higher anmounts of BSA lead to | ower |evels
- of bowndrebérgtfuive cutssiand dngble hidte) mache uNalu tUsitw padyaabmje templates
(NA\(J\)lth hJle 91?&9@9' \thubg Cp(gll 5]'% gevgllspiun@ﬁ e(e@tR)'aEﬂégﬁ(;r{ \an Jthisomc
particle 1s |1k some anount of
bl ndglwgorsl]at gegy appfi ﬁjélu@esafugy e q“OALBBIg;_IeAf@U,mls from cyamde soluuom

Ne UtHo QWefl |pn§/$rmdllni@ lag Gt &s@o&ﬂ&Uﬂﬁdn A@si8me tblﬁtﬁb@x usB@b ,Vdrlety of

measur enent of the _pure n art|

o S TBhe b PREGS PREdS b AR T N Bely Ro Rtk Gien
boumndiaan0lesc A Nan2PdrHas bdee shoWh paglidr g‘xaomnsd Bstednostag ddposition
ver 11 ve £ I S1r I si elme €
expgm!n - u%vtgooﬁljngg PP RS &Eéld? RLARIRG ph {1 WBk e

r eagt@mu)'estb@ didna stﬁalglmntf]ugg:e thERrﬁﬁﬁf)Tlleé (<ge&[50213|4/] resmdnce of the Au-

Non‘llﬁﬁ)ae@hltﬂ @dst;mllhda%y Qﬁﬁf@@l{lﬁlmlyﬁ Aﬁmuil%&ﬁ} inABIfi& shiuticnt:
characterjzation st

ex devi sed
o dBterm eipoy e ot PEREAvTapt: Lon 28 AR Goul a
spegozi9ical | yhdyiune pbaraddriplstoedenBBquekdygind duedyics) lofe en
pol ren | ! Q'mass
bi 0%6?; H:)Xk ll atue d%% AW!hE%\% éﬁan ulg‘rae?tlo\ﬁ'\tgs Q%ne\ooﬁgtgovg ()tsééq mA/sgem)
sol ttdngric § iovPBSwhef the A M(&Azmtrrpat Saccesplu] plapap Wgs apiped at the

t hemy R ed s ki ditbds puRBRurfe@or 3 niXi/dabth Greq@ne, k}L10.025 - 2.5
bl ocked ?% Segp Irr}lgrﬁﬁtleslsvh\ﬁut ;:1 PBS buffer. contai nllpglgsmpeg

1mVHERRIUGY Y68 BYA- B R}‘i‘@/c%““t’ *é‘lﬂ@eelﬁ‘fd ar ot Ausp
aspiwitain Ioﬁ@xb&iﬁnebd @cMulngmmal RotenOa31at/ G avaneac Privedidn, AppQedni
?];r ‘?(asenﬁ'l(c)}ﬁrwgip 9 fter gl 19110 of edChV\PlP(i llslee ‘a)qlﬁ grll,l & :?sgccdnézgcpf%ﬁ‘ cg by rinse
( I\IA‘ar)drcféiatviefdthsm@!\bluugt mapily Ptalinm of SAWicrebEt A SHIREYielding,
SACBﬁertAIQQEmJ‘@ldS-Q#?ﬂuB;W()Bhs/t@mgﬂafe (@ﬂm(@%tdxm&n) and IXE12 Au

conj ugated) and control % functionaljzation
of fEErog/eplgte §kFu Regs: dwwsrqr é“ai/\@F‘éde\W&%Wéﬁd wirBpasio R pliheRylse
buf fpﬁl"mgflﬁkfy fl]rﬁlcfrh(ﬂélis@lﬂie ann(b|er| (ﬂ"yﬂ@dcl&)by E’Bﬁe( &do¢ oBmidni)dededuse

amﬁﬁ T(lﬂ]dleblé Iﬂlasstma%) ganlt ?()I \qgg/l image onA.Uﬁgn%?%ltéQgh 35nm
abs diubreterc eleated 49QE mh tmsR amgn aJemuomﬁW@Inhnomdaaf@r replackercnt of ME
(da(@ nOQH. shown). Val ues were background subtracted

based on t he average absorbance of wells that had not
been t r dhthsgparagpieo! RALUAHHASP A G52 BB Mh hi gh
spegibocity 190 ntrJ'}\eZSbhﬂtAurba@l@]@-‘I ©hle welaled simgh lSNﬁlph}h&]@;dn part A.

ll_llofl\télll@}n?aotg ég%iv:/ %:pgrggilg%o n vge?eaﬁﬁtﬁgf ahg aosmon of Au
si | no@paidds bapargs! Ahawed [(nowick ewedds:s @blatigrsdbsige. tFoeslaAg, 5 pm
e
oL SRS RRAL AR S AR S
addpqqgenga]g}?atrqdc@ﬁtgmf n@fowgg/_qoqseﬁnggﬁ dlﬁp&rpappg: wand Ag stripes, each
centg rfnyghgf g?(ﬁﬂd:r u@ﬁl'ﬂ't%%@&gﬂldﬂgwérg uPB%)leN $iREr (Techmc Inc.) and
determ ni ng t NAv - conj u at ed F?dﬁgs wer e

and
spellifpigd f‘bﬂ‘)(’dfiﬁﬁ‘?“ﬁ OMlplge. h OB YT 5 ppbarcodes
Si t patidikzatas Wed &r paegend Aoandeaedrifeagachass arasuiteef DynA. A
two nmethods. A fluorescent biotin anal ogue, biocytin
Al exa Fluor(r) 594, was reacté8 with the SACNs. After
appropriate wash steps, the nunber of bound

fl uorophores was determ ned by direct



nmeasur enent and by fl uorescence depletion. The val ues

obt ai ned by the two nethods were consistent (Figure
wa2)og/0ad4Bhough direct fluorescence neasur enent BCEUSEYS013989

produced a | ower nunber. The average nunber of bound

bi uti ns was approxi mately 700 per nanoparticle under

optimal reaction conditions. Exanple 7 [0236]

A i gonucl eoti de Conjugation [0237] The sane sul f o- SMCC

chem stry descri bed above was used to bind

am ncterm nated ol i gonucl eotides to thiol-nodified

SACNs. After attachnent and purification, a

dy e +dlakrglr@ctob ek ehmpert startyngstith dredlisygion picldohg @ebsiwie 4nd Ag-

t hestm;’cq hingfle M?dllglw&fsb t@{ﬁ"ﬂé(ﬁ L A 9dcdu&1hﬁ)dmmde To prevent

fl uorescent g; 'ie’h* af ter centrifugation to renove

re

unbﬁﬂﬁlamf}p oy xélé{k@@pdftﬁgf a glb)(l_) amquireporter molecule, 4-
oI | geRdebRedl d@@ meme;ob@wncttﬁd@olexaoh) Ranapatutdded @e Sodium

onucl ept rect attached to NAv-tags,
gﬁ%ﬁ“(‘?ﬂdet‘ﬁ'@” 'iefﬁsﬁn &elrglg‘f“f a‘(’—:pﬁ)(Nf’i%‘io]S i yi'otin group at
one[(éﬁtl for atlz at Hive HNOt,60mine t ag and a fl uorophore at

the pther, fzgxh bWy @ﬂ%tbﬁ%ﬁﬂ%bﬁ%@!ﬂ(ﬁi/&)%ﬂ 0. 30min
conqu;gatl on e | Cl en

C

DBt o1 § 2050 GFPYORIEIDt e MONPUGAF EPHF#H:0.
nanoparticl e. gé\mnnermdl fied SACNs were coupled to
thiol-termnated flu Sce nt ol i gonucl eoti des using
the?@g‘he sul + §5&R %Zrﬂ"gtﬂ" descri bed above, again
Wi t [02851mi | arS. Besute 280 w BARABOHe 0 LO2GBIH.Pwb4)
Chai(ﬁ§§ erl St(}) %‘%nl]:xm%é 4%0%1)1961%411(‘ﬁgr %Elf quantitative

at pon

optical tags are ey res inearly to the

exci®2tli on so@ﬁ’\‘!/émé(hﬁmt?lﬁdp Heey are relatively

unafgegit ed by olioNGadSE: MEXPBASULRL 1D BXCV LAt i on. The
first _quality has bendggpn%ted thSCNsby

exp&¥PHy asatpl BV VAR AP8 1GMBSER t at i on
powgné@nd measwuqiir@atlve resul ting signal. These

r ESLH]t S()n ?all%rbgt%u parhc cs %ar & 96& LQ’;&%%JIO ol d[%m&?hlrﬁ‘&c‘% were re-
phot t OSTADbT 11t S was deposited oh a
quaﬁttszenéftdllmélhmdarplaé@‘é@ qllmuwth\@ gkarpdrelarologae. 49 1k Ethanol, 160
Ranﬁﬂ ]§pleC\Lc[‘lé?nﬁ)tpefw%':@ﬁm&mn$H§‘(?FWe| e pt hé&u Tclmcthylm thosilicate
spectroneter delivered power at 647.

The (ERS tv&@ 2qideg) e the phigueg B‘I %OE’d’f‘%‘ﬁlei hPoYGAE ¥ d“s‘@“‘ﬁm‘?? “8d Rigced on
M Choseepar Bbjoeet kb 1ais seds ifuaugic anprlvay maxpmsed three times
nOt Ch]8f1\|6| tget%r th'ureeﬂﬁrgg%&%{)wg‘én zlgeggf?r l(%:lr@s {tlﬂg amjofcf(amc [ﬁ\mcles
n| t Fagen ot el Rdo€@DlosEpiee of asingarartcly] Raumepectra of the particles are
appgwlr,mp@[”)éﬁ)(gr{dyB hour for 6 hours during which tine
the sanpl e was continuously illuninated. The signal
fromthe sanple is plotted as a function of time in

Fi gekenplOi This data shows that these particles are

qui tabl e th.only a 20%1oss in signal over 6
houi@ﬁﬁ[ 0240ﬁL7$ﬂr‘f‘é’Pvr‘F§Irﬂ'“éi“5’B1“f>| ty of the SACNs is al so
desimelll e. Apratdminstirateeperiimes wat sioulbed phestingfcaurd 11X7
BPEZ\I%% llo nﬁéoﬂa#ll WeE£h Q)Q)t l ﬁQp}%gﬁmQa?S&g}H on;s-l—(neand
tags were concentra fro

apprepsetet seXmebIartt Hat w@ﬁmwwm{ﬁd@y APIEFNSERS: s%ﬁ@mvaﬂ%\ A A
Ver gyd: @heicRd waeled 8 prRde afi§ed babek bi tﬂ@glas-{klﬁjesmtﬁ}ll of the six

di fferences i n absorbance an S
Poi MG 4 PR AL TP AT G FBE B BeS o QI "a PPaFLiEd s 6
i N exxneerith 5 bovine sddog aBAGNIBSAEN e@mm*;ﬂm@h(hg/buﬁteted saline (PBS).

affected by boiling. 47



Exanpl e 9 [0241] Evidence of batch to batch
reproduci bility 10242] To determ ne the

w0 eqood4e bi |l ity of making tags fromstart to PETNUSINODO13989
the process, a total of 6 colloids were made and were
| abel ed B-G These colloids were used to prepare a
total of 13 different batches of tags, using identica
protocol s for each batch. The (normalized) absorption
spectra of these colloids are shown in Figure 11, and
it is apparent that they are quite simlar after al
steps are conplete. [0243] After normalizing the
conaéntqubttivomdoyastesaps Weto cati¢drigt anhe obptlirgdtr odénkir.tagd gpfutions
eac nveﬁz%gﬁrtafe@ By piPeted por td nﬁnéE&%e& %&BBH& ARSI 0 IFRRSUIE Yrere
usin 5 nmexcitation. nal s were nonitored

at t“Hé‘eﬁéf”éi?* fareidw"(ﬂfélezo‘w&hwﬂ 0. G%&S%ﬁ\)ﬂtwewwapﬁw gedina
sanplsespsA/bPes Boo0indtikiebagd Obl he LlldelQ)-r B¥/minlifes @N@&ours, after which

St Bt foue b T s Ml BTG 5385, e

Pr e;bamaotlatmnmliodanolsmelumm@ qalpnd$ACSs) were thed inartetee pn the arrays for
8 ek, O%S&as(?&mg %‘\/ ﬁuse/a@%% b, %QIB@;AFP%@HL@&L&% ek bh pBs

d|f erent pore size nmto were used for

el et BHEpoct MerR LI diibE A et @fm“@gmdh@iﬁwkﬂak‘/ after the water rinse.

Evamamat @ebiAGomakeeitirals wom dchiiek usuﬁc&r(N(ﬁlG 1R (BS mnmolo ROV) and an

substrate | d befor Iectr

ST St PR T TSR eBlp! Oy fr e
and agPakish glass dgysplatvngead!. aflgruuhderactiouse uded guemeve the
for bl]oa&]%]af ggck%&%rﬁloﬁgﬂlg&g@frwl\ﬁﬁ){utd R zgron dr]?n P&Fﬁéﬂion between
fol 'owe ef'ectrodeposition I nt 6 1 he pores o nmm
t hi dk I@QMH (Rgurslibswe traisyddy whishds @'@ewlémmwmﬁmﬁﬁnzyme

NaN QW firfoRss 5. n*sne%temm Rf makipiel Rﬁ{y& NG v dé!ﬁkdmlr:e@sdsﬁyrﬁr&ﬁ% three
occur frﬁed Conmmer ci.a

Si | \9@ recﬁlaé%lhtm (8va]quH1é|P ; ahagwfc‘ glk gn%dla lnei\(i&l\é?%‘gtellfll)sgldldjd ent spots of a
( Sulpfoketirechipa @dbodiss ®chdhtandgan fveo mxﬁ@hthd)méAOMs with di€ferent Féperter

| engt ] 3 :

des%mhe as"EJvénL B%#adt%ﬁ% Hq n\éﬁ%ﬁdaﬁgﬁ{))r s tCﬁ¥ %nﬁes g of - of

t he s @@@mat@lmt@d@ewm antigeny K §EPoesd (4 QMo qﬁ ml three

the fital Aﬂk’rrﬁ'ﬁf?r{) e rbind m@%oa%ew&ed\/@gl @t @Jtéulmm
the desired ma? (after rel ease fromtenpl ate)
con&aRtT RSB r‘?’ e@f‘heﬁ\ﬁ(’]ﬁ%fﬁb”%%‘ifwf RGPt i O dftﬁ)ﬁ‘%]a clean signal at
Di f tanheptk, walhaltel spg tHaeeR ik Guesiovahe: OBRgvidgparndg Beigag signal,
tenp(l)r%;(d% pore di anetei For pore dianeter of 65 nm and

} Sem automated synthesizer for Nanobarcodes
partl cI es was used in constant cut rent node Pl ating
of EBudgpinBnowi res with 59 stripes (each stripe 30 nm
| onggreequUEnf i@l &Iﬁo@hnﬁ%%wfsﬁlf@r B Rx WaSTHaatRen @,agwragdcme
after Ag lunoval to X Au nanor ods/terTPI dte has

beeicde ﬁ@(ﬁbgﬁ’é\ﬁD{ lelgﬁwowﬁdpréq%agléhlfﬁ)‘@frﬁ%‘ h§ggyice was opened,
dev edn@panthspaa kbntdigngihditcotofi@e it sqatiod It@’,ﬁnt@\flhlﬂ'hﬁmﬁ@ses colloidal

g Zﬁ%]sgi’“z‘t‘cg‘e@so cﬂglcugﬁ B»Bﬁ hara_fwﬁ.cko‘i \I;itlg:a c%%{u&%c compnsn\{\eSdA(&y
t he conglgetad @dheAgmnanProdisd by @Itrme) Mdmweercweee collected using the

(Selnfslrm%ml(ﬁlq UR@]@Ae@yﬁlE Ju¥@Sw e nBrszen§c M’l and successful
during tenplate dissolution Exanples tor short thiol

c on YRS ‘?fghcr?e'l‘lééb*t?l”é%‘c BreEngeey eréléflbétt}h(aﬁwroptlrmd’ limit of detection
Mer giafthQP meP t@ithecia grodud. M) Its@ar@hown in Figure 19.

nei capt oet hanesul fonic acid (MESA) These shoit

nol ecul es were later replaced with the
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Raman reporter nolecule An alternative nethod which
produced better results was to introduce the Raman
wo e@entaBo nol ecul e directly to the NaCH dui i ngpe BOpRL0a/€13989
di ssol ution 4 Mercapt ophenol (MP) and 2 qui nol i net hi ol
(QSH) were successfully used and denonstrated Raman
signal wth Au nanorods Figure 12 shows the Raman
spectra of 65 x 30 nmand 90 x 30 nm Au particles
released in QSH Figure 13 illustiates the Ranan
spectra of 65x 30 nmand 90 x 30 nm Au particles
released in MP [0248] The constant current node of
el e€Ekinqieldosi ti on was not efficacious for tenpl ates
vi t fhoRgi e di gk ebr GROQM andsAees Different pulse

pl at| ng] techni ques (pul securrent, reverse

u
cur 1@AY andCelbiisies pusde) chapentidg Seds W‘tEM‘g‘jed With PBS three
pol yigad, Dainadaeh. teenphat B%dwWit B.7habehatdic RAEPBS ok N ki€t room

subm cron range, reverse ¢ rrent ctr

Wi t henWFrta?lgS%]ﬂi% 1sh§cé1ntb§{ |eor§e \Aéel e(écﬁe a\bl& qujg?%hg h)r 90 min at
suc cesstupcryure. cCefjs wue Auutsichgiteligryistabesinfihotmoipeditsddiuted
??lo% kgﬁgkuti F@%Y llﬂplc?ll X)&EY&J alul’en@leﬁa\ydsmsﬁm ‘%%99 Sté]ﬁ@ere then

utions u L}g@ variety of reverse
£

pu| ansubaed gith il kgigl bl(%ﬁrltéﬁl/dntltmou é(rl 301 J”lln ‘“Nﬁ@é}}efi as l}q_fo’re. The
Ne URaR Rverehcubd@d 8Gth 50 Qll'Uf 2)'¢ Ql@ep&@f’diﬁ c&QQQled 4ACN3 rl;an? tegﬂ;erﬁurc for

tepadr vt o isrrss Cot SR RopEaab hEh! Seubued

met &br Sahigtesi Dhetceldnvenny acshqzdhebawresﬂstcelpa\teteemmetdd with a coverslip
str Hg %S I)QQIIOI 1q IPQE an& th§EJ&QJ\9§ré’seal@(§ 1&/%?&92})1‘ nerure 21A shows

proper i es (Stress, purity, resistance

Auf btnzfash»lmdcﬂ’@l?ﬁ/a@age%ﬁ hirgselgngrypmplgeingt ﬁqﬂ@\véwgfubmdlne PRSAYENS Lo
Aul BRiki} noeglum 6 thelteBiihifiicla8d GOLtih@NE: Horkans. J.:
Romankiw, L. T J. Electrochem Soc. 1977, 124,

1499- 1505.. . [0249] The pul se paraneters (pul se
curEenmyémequency and duty cycle) have been varied in
suc nner th r ing current was

S n@) Dafloﬁéﬁ%ﬁﬁﬁ%”§Q% 1n§& ensure a slow growth

of NiéﬂAu abAICgpagiciel poglso &K@@e@@kﬁlw}l‘e Pyisece ng9m5d11lple% stained

achi,gy @tﬂmalgr Siba grQ*nm n@oﬂt‘ﬂb@ﬁe ml‘,lﬁftt(l)ngn &4 @QJmt (H@JE? are the
pul se curfent of frequency range

25 Stpﬁd‘ualhlde%dltﬁdyo \ély@‘ﬂé cdl xizeom%shapph goglérﬁgé:cwﬁﬂ eéglblt ﬂuorcsccnce in

con @Hetvls(bﬂ:Smm&If(ﬁlst&ednvﬁlﬁﬁmﬁb OfllhunAhIlstacfhdmﬂgm&tﬂbd‘{lﬁSheWhmhddmple

ggtegﬁ?(c%ogi gn;ﬂ%?xég‘ev gﬂ\g)%v y w1tf?%g| l]ﬁnceé(fltgdﬂo%f) mlmlm:a b‘a_.%(élé)und lchnjbtdmed
was rangeilg thaSHENs phibtvisgizatfle. éBoh agtoniepiesut hreny Somudyimehwas

was ngr@waadagf@icwmdm %Jﬂd%%panao et dt(LcL)lsVMesrunmé m. 8% blored

sol ut1 on manual Plating o alternatin Ag

St r FRftss S?\ib@'] O g/ereérpftglrwxﬂg)o}yéhﬁgwd theg BEE STC%U Figure21B shows

nanQka4ls &&Hﬂblﬂhﬁr(ﬁ(ﬂl@@ﬂﬂt@ﬁ&ﬁp&k mtlﬁfb)the&laﬂ ik BlhicB SAGNs can

T SR R BT E belTnbSRprovies 1.

f ur iaednd, iccmmeag eontadidngnuindve sanpfe vparat kot @s blvynondd-feejugated

Ofd | N (o RIRLALE D L EKRES FelaR:
%AC& arqﬁ?[elJpabjcd(ghge\?\g1§H§$lnh ?tot JFR%R ijt]ngnor% 1ga lH\dn

35 ﬁmz:el p'aheettse*re/blw@eé\a%@mw@ﬁew RRricie %%n“@ﬁe\% Fa‘?ﬁlﬂcted

of LAR oM RHRASI@nhi8n- Sﬁ@ka&@éﬁ&n&scpjs b, Nlﬁdﬁoxgﬁ"-and&

Preparation of ani sotropic cl es of

250C?WH'"~‘E M@fm%‘sfa"wﬂdf ‘QBC?A U‘T%F"Aﬂ A “B‘fcég “FLS Sarsple may be
pr epatied asd sublrared fromtieeRapar triagd @SheitiRsup@ivmoldeuleAlovjopatea SACN
tenplates with pore size 250 nm were used for

el ect rodeposition of Au nanopa4|9ti cl es. Evaporated Ag,
about 1mmthick, served as a plating substrate. Fresh

Ag, 5 mmthick, was el ectrodeposited into the holes

for additional sealing of the tenplate, followed by



sequenti al el ectrodeposition of nanow res consisting
of alternating Au and Ag stripes, each 250 nm | ong.
w@EoommraBal plating solutions were used: Cyl esBCBUB2085/013989
(Technic. Inc.) and Mcrofab Au 100 ( Ent hone-OM .
Inc.). A sem -automated synthesizer for Nanobarcodes
particles was used for plating of 9 Au and Ag-stri pes,
each at a const current of 1mA Arel ease protocol was
devel oped starting with the dissolution of the Ag
(substrate and Agstripes) in Nitric acid, followed by
tenpl ate di ssolution in Sodi um Hydroxi de. To prevent
dunpirndesgnigfiret Addiviahlaathe 8aman imageopaftrihed besomparddjwith the Raman
Ra”ﬁﬂwé GROLE lﬁ]rwerm aGud @tmpl% whi¥R h&BRELQRNENR i LV ly colored organic
pre-dissolved in Ethano (EtOH) was introduced to the
SodPfrorr s Fde g atd Heperuthen detHsEngin e ease st eps
were as follows: [025 1 J 1. 12 m 40% HNO , 60mn
[025&]111[% 1s2ni  28mM MP/ Et OH + 8m 3M NaOH 209t OH/ 80%H

NaOHP o o8 A E A OB “Cont ' fuge: 4200

r pm0264%i n [ 0EGYs vBre iBikcied intg @uQOcaih 2 MPYSED O tall ig@gomfor

Et Q:_yrcHngn{m J‘he%)oo& Ql%§l§] an@b bg:QMC[lthlfeHQﬁmcc%gloQ)r TOQMatllath{acr the
after each [0257] SEM TEM Sanmpl e m each % 258

0. 184 SARpH é"‘e‘d’l“fl Wi prgbeps hwﬂ Pw mgeb # 8 hovRAprssigng @}‘ed
8. 21)€mEd ﬂ(&iﬁbdﬂﬁﬁhe S@NTRd feuigef at SACROCOuANE sekh abvivéthe Bt keround.
1[5\8226%% orta lcéée é c%n sPstetl n@xgragpgrggeme\haomer q%}@%?nﬁ?uta%ed bé ﬁhdra
par Crpl é@mMé plighesy dpender thasp&irharyol anapiekaldibg0ed aptical head

al I %qgmdc\’@esby lﬁ‘llﬁl%{(‘)mt:plrnc %ﬂ%ﬁ sc‘éﬁ’@éd ]ngl wt 98 dHd b?tl@@aﬂﬁ%l Op[ICd]

M'wat er, 10 nL 30% Ammoni um Hydr oxi de,
40 hﬁ.’dnééﬂtCh’Péfth%'éF‘H’;?F*BF?‘I‘F&%‘? lightigpaecondmpayal (ks é‘“%ﬁ’éﬂa
to tﬂ'&&r(ﬁ{eleﬂlﬂ@&an@fpu@sﬂﬁ‘m%ﬁlx\ilth@ SGSmcra-rl']elt Slﬁﬁpd)(ﬁgl (Wﬁ&/mm grating

son cat e vorte

set ﬁ:& dd788 X'H}e(g;‘)ecz%ncrjﬁr ﬁat% wis co ted g)ad Fdi) 8p cong)utf: hen

ri n§2It hr decds¢ ofesigml 8 dhtb@mltaearppromngwyeﬁbﬁmuandt Bis time a
shoyy,, %EMJ Jggagdswﬁeq 'Ehekn) e cva%ldtomghea]muscqtv@pp,o&e 22, The SERS tag

part ure show a cl oser view of
Si NEHCETYTRPRERTE P@ea baRlgreird §}9Fe'et‘ Pixuge ofttigie H%F%QF%‘F%@‘* §F>ée"'h back
showudrNTi zQME]%acl?@ﬁn(ﬁlﬂQmBed @ﬁ@lﬂp&rﬁhejéol{ngﬁtjdn obds fhe skin. 1f the
Sandvv})ch I mmnoa‘?ﬁaa é g{? rotein .mcroa ﬁg "
expBPPH IS "Gl RO St B S THO PR Bl f [opescence
ant the@ehbeis ofiset Hora tharklG, d&rspeya mhy chetain b RS pEh bwdgatter. For
appe)plﬂgga? ?hle)éasggga trglrnlu uﬁkdiﬁt 8%069 1{?@ Fgﬁﬁtﬁﬂ] Lﬁrezl t%sihnk
[ n

ass su rate
Sunnwfarlneuse @R)backpronndd pig piﬁ@tsfm: Sp’éﬁthmkﬂﬂ’s@é c3ngyagyy PAGNhave an

a lh(ﬂ/’dl‘ltgvebﬁ[é‘th@tﬁngnn l;ehfc‘ldlgllhais (& fefencif (ﬁ@lodlcl@fouﬁthe Si X
spots_may be treated indepen entI%/ifl After the

dri 8871t he sinitgeaRgEDds ‘tol?ié‘d“f gtecit impeigfelygitery Jﬁﬁ't"%'s“ shown
Wi t b B8erdmy iFneree mum(aldkmu whpectfuBSAYen fiam hGhonicMiphospaat e

buf ];ceqll‘n?e 3' 1? ”Fhe Slé)’ldl would Ifhﬂ cl:nl’lls %tv%( %e%ptqe hl(’ élﬁiu%eg Lo the body of
wer e ‘ear e on an

sol Uk inons. mp@tmatsxppmap@dwbylscpqu@tnﬁ S{rrmrba@gmtu@i fhldlmc@mcennd
of pewe; skl ASvAfkIAIN Q&KT iDBuchSlb e vWRFbackground.

Example 16
[0272] Multiplexed cellular imaging experiments.
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washed 3 tinmes for 5 mnutes each (3x5) with 0 5%

BSA/ PBS Antigens weie prepared in a 0 % BSA/ PBS
weodoah7aew and i ncubated on the airays for 45 nMP@mUS®04/013989

2 hours, after which arrays were once agai n washed

(3x5) in 0 5% BSA/ PBS IL7-nodi fied SACNs (using

bi otinyl ated anti bodi es onto neutravidin coated SACNs)

were then incubated on the arrays for 90 minutes This

was followed by a wash (3x5) in 0 5% BSA/ PBS and qui ck

rinses in PBS and water Slides were blown diy by a jet

of nitrogen gas imedi ately after the water rinse

Rami#?73pect Tz ¢l bm tN(aBanandreges-saneiries. adbepaitcdtlingggrivgd gom a

di oqgm«!ngl?&rdte(Cnglﬁmnﬂl\Vl]?&QISJMN@WCCQUM@\%Q‘%]C%;M KPCC (Rockville,

spectionmeter and software The_typical
i nt NN G celisriee erestlens Podaly far RIS PRE" ShFrgras Bt dy s
was c&,meraammﬁblaaﬂllsgmumommﬂaﬁbﬂemnoms b&lisErtdnOin prostate

remove the bro ckgrou

W RS L APDOT B 5 11 A o BA o BB el Anieen
10- 1) pQrhed anifedigaiwselull8 mavkas oaohir@vedydewhiitdics 9 CDHI,
COMpaL ARl ecél\qmrfﬁpﬁé GRTTESGHR o QYFE | Munoassays The

potential tor nu | ex assays was then denonstrated

by B38i ng ﬁmﬂ@@eﬂpf*ﬁ@rr@ﬁ&efsaﬂapw%ggf(lwgﬁfbﬁw rf;ellular labeling
bacizhd ikggied &pérgr[bnts m &}ngtcém @re e Bl vaBidus a@mﬁﬁrﬁﬁﬁnd

spot s of ote t i b d| each anti

wer éor@lﬂom ‘UE&? %C(HfIOEnbe((i %Ioi] qffs\"s%)qlé)ntmd{] geps(gﬁltdglrocahzauon of
ol @euh@sdgiovjupged SRENantll beBgpnitggBH anti Ova, and Bodi py
ant i %P pa'SA&lgdc%ﬁjuénedQ§16&1YAlglf C%Qigﬁkﬁ)dlgoﬂl%@gﬂl }é}g)odies will be

capt[ure ant i bodi es to the anti gens was expose
M X ese &0 @MpaE profeprearresaing pigeac mdeﬁ'SAapﬁ\esfilr'ima‘t IgNCaP, DU-145

ri nghdve-§ Rl GRQALLS KBk Ce@X POsLekip26k] 16t ieas dedie Gl R eated
SACNs Raman spectra were then coll gq%t ed frog%each of

t he Wé‘bB‘F@“‘TH‘QC -d2073! BHER'Y TG RHEe" S SHRFCUpigE drug

W t he:ttlh&tﬂbrqirostafbailncwiNdBB,laglnﬂad)ni -@ngaptiune c«CRReglembmgates
a nal X I

[ 026% ng%ﬁ&?/?(‘llp S;1]0n50 %Ve%tﬁxgal‘)qsogdanag @[EQ & c%ﬁgxmgvD\gjslllﬁﬁn ell)C 3.
t ak&ipon t@ginrxgheﬂe‘ﬂ@aa@disevnh |br¢@1u1’1msie (tl@a‘}Mh@R PlotptexpRdon in cells

| at e@idns Ehc@Wﬁ&ﬁ(vhgréad?%Stdl@ spheldii8 ¢ arﬁé&eknlmm betalﬂ@l o8\ Ried,
was opened, renoved cont ai ni ng

col SEREELHEES destearee Pt f‘éafgéwe PRAHG! é‘ﬁdltzé‘r‘ﬂﬂr" %‘ééACN‘ will be

col |pé}f(ﬁ|rﬂéd AUlnGﬁBlJlLUt@aﬁ@deLﬂh& sdﬁlcembdﬂm@ e%}sbl)lmen&n(ﬂls not possible o
Cgﬁjlwgisg aat“é%j:[n{b\(l)\fu{d tggs el Agen neem(s:\qngﬁedesfl rgg v\% urqéo under)stdnd what
Rarrmppsupeccctxpras Hue( s tb@ hlleeeltbedldum WCltlhteréptn'sthmulrrreml (for example,

pr ew[ﬁm hid ,d&%% .%LdTh@n AR &h@wsm)m mal
non- speci and successf ul \?a%t ur e

conjGgelt e R B oo ity M0 25 RERHESEs recently
opt pgizied a kb df uRferfelebriehyideBpisidrisle@he (IUHEIN') & lbver-the-counter

i al d Resul t h
T oaR e et e M SpeSRreR-Seft S e
[ 02 BHEAGH K¢S cokt prelifetalidnuiné theremedthe prawin@rpressipulel RSaIak gell as a
P eS
fi Xg;;ﬁ@??ﬁég% /J]?rs %%n% Q,R Rs Jo} Hﬁﬁ‘ed]to HE};/{] n?@&cha Cﬁh hntibfds€©

or nal de i or room
t enpelicatvarece!l ary thiashed cels: S‘Lta@*faé i(féN@é I(qyél“\/@)éh‘bp‘ﬁ@k‘éﬂ system

Wit Riil56i RIA.REE e EellernlnBcrireﬁEd WML £ ﬁ@@)ﬁt@ﬂbh&f Ruifed Jcsj and
wer e_ i ncubat ed VVI th gg qoluse anti Z}fgntl bod| Arnold
(i TTEEAEARR B ACOBERY BF 5 Fr e feliay T Gifyeponca By mo
tenpenat ure then washed as above Cells were t hen

i ncubated with Ing/m biotinylated anti-nouse |1gG foi
30 nin and washed as before Thé



cells were incubated with 50 ml of 2X streptavidin

conjugated SACN at roomtenperatuie for 1 hr, and
woamkem4as bef ore Hoechest dye (diluted 1 500)P@BEES2005/013989

added and the ceils incubated for 5 mnutes The cells

were washed as before The cells were nmounted wHh a

covershp using 90% gl ycerol in PBS, and the edges were

sealed with nail polish Figure 2 1A shows bright field

and SERS i mages ot the resulting sanmple and

denonstrate binding of SACNs to specific |ocations on

the cell surface and the cell interioi Exanple 14

[0266] Detection of SACNs in tissue sanples [0267]

SACNs particles can al so be detected in the presence

of ?Fé@ﬂ% sanpl es stained with strongly col ored

organi c d>es For exanple, hematoxjlin and eosin (H&E)

ai e wHaes shiabdiai d dyes used to visualize cell size and

shape Bot h nol ecul es exhibit fluorescence in the

vi si bl e, maki ng use of conventiona

i Mrunohi ls tAoudtiendi albrinet hods on t he same sanpl e

difficult oi, ' np@ﬁl%h[%’(lleﬁosmwyﬁﬁwtalvl\m&E‘ A alléPhplate, the pore

exci tation, a m ni mal _ backgi ound i s o%talne

rend@WPﬁ@“Fﬁ@hE%Emﬁmb%QPWy vi sual i zabl e Thus a nouse

tissue arraypf r osudygBgosvas ot 4 @adne chalskiil idi&k pae:cm) ka6t tagplate,

L?g%{hg‘a}gg / gcpr(])l ﬁ(t)no(gatt][]()lesg%{tas lldgrsgglglerill Ianeds'stllj'lldtsec?lgi ’ﬂdtel‘ld involves

poIyhg@knbmaddnwhewxsﬁst@ﬁ@N@engaw@aQPme@hé%stMwﬁh

spectra fro )unt&$éﬁ5?q&n§ahgeated spots, indicating

the ease wit can be seen o\er

a
background of) H&Eleatin 3 sEeebpysishany stihemplie diapysaid segmented,
I NV@HtbeURd REONIrERS o denfrai¥Bl IBRCwo GOERERIShRGarGast acti ng a
tissue sanple with at | east one bionol ecul e-conj ugat ed
SACN particle capable of specifically binding to the
ti ssue anpl B nandd aitdpimil nghegeinRaiddiiae h1malgenqpf1rtitlhms a length from
ti ssyedionml &cl §5.5 Pkdgat ed SACN particles mxtuie
The tissue I's contacted with one or noie additiona
non- SACN reagents, usch as eosin, henotoxyhn, and a
conbi natj on pf heRRLOXNNN, Mk &ﬁﬁ)hﬂn@@ﬁéﬁﬁ}fg&kéﬁd) fRagan
i mge ol a tissue sanple may be obtained and

_ subtracted fromthe Raman i mage of the
t i ssue/ bi. onothecenethed cladnjiu gatied inSAINmplad is desinai Xt ur e
Additionally, the Raman i mage may further be conpared
with the Raman i mage with an inmage of a tissue sanple
whi ch hds belhs nsthadl plecdhimil ¢ wheesin thingtond geied! sa 'etdrani ¢
dyes to \isuahze cell size and shape, such as an H&E
stain Exanple 1 [0268] In vivo |abeling of animls
with SA®Ns [5?@§h°$ﬂ ﬁéﬂ@m”ﬁr%%F@H”?ﬁPﬁAﬁude i ce
in 2 ways a) by tail injection for circulation in the
bl ood strea cut an. ection for
Iocallzggloghﬁn 9m9§ Q%nkf‘mﬁ”"ﬁlnﬁaéaggs the optica
probe was held over the skin and the Raman signa
det ect edy eni +f.6dfk orBReL AW e SkiBnTheARaks. of the
SACNs coul d be seen above the background The portabl e
detection s\stemhad a 785 nm | aser for excitation
manuf actour edriayneMNodl 6160 8 PrhEREI @implaeg hiluias
delivered to the specinen via an optical fiber and
opti cal head manufacture by |InPhotonics |Inc Raman
scattered |ight was detected by the sane optical head
A dichroic filter sends the c§llected light to a
second optical fiber, attached“to a



spectroneter, Ocean Optics USB2000,wi th a 50 mi cron
slit and 1200 gi ooves/ mm grati ng bl azed at 750nm The

wGep@ehraset er data was col l ected by a | apt op cPOPUS®N5/013989
[0270] In the case of a) signal was detected at
approximately 45 mnutes At this tinme a signal was
detected when the probe was hel d over the nouse |iver.

- Figure 22 The SERS tag spectrumappears on a backgi ound
that is a mxutre of tissue fluorescence and Rayl ei gh
back scatter The actual backround neasured depends on
the probe position over the skin If the probe is in
contact Wi t hTichestholpielaim hewnetefresaid paeingearmyises orrtiag with a
woleﬂkh§§yenghggggegegggelf the pi obe is offset from
the skin, the spectra may tain nore Rayleig

backscat'tler Emedd plam ‘9 ﬁ‘hf"ﬁ’é‘ “E%é‘é’“%?c“h“ §‘H§c‘€‘|‘1 @p said strong
acquise edNa@ti. t he [iver, and a spectrum acquired at the
Hank of the nouse, the backgrounds are different Since
t he backgournd can vary. SACNs have an advantage since
t he t agsi2canTlizenetudntdldin édvigiein shid ejsetaideroaiight setpyied from the
bacgg)hﬁ)yoqq“{nggﬁﬂu]se fwl uroh[?ulsg @&%np;;lanpg EORe %hl%h enWﬁi%tmg and
cted 1nmmediately after injection, as shown in

Fi gdplerglseplgiige 23 al so contains a spectrum taken
froma mouse vuth no SACN. acquued at the flank The
si gnal ul d_di m nis a the ta
into t h\eﬁbod gt htoﬂgh useuLFH:r CO G’B“rﬂﬁ Bie é%rgg/gﬁ [glecule
al sdurbgnemens sone backgr ound qu0|escence and
Rayl ei gh scatter, however the SACN signal is nuch
stionger ovei t he background Exanple 16 [0272]
Mul ti pl éfed Elsimeodpl Gl di HiTeE e FrHBRN S (O PTST Usiie selglien
Ilnemh PSERO . Givé dhie@en-sensiti\e, adherent cell line
derived froma human prostate carcinoma will be used
LNCaP cells are avail able fiom ATCC (Rockville, ND)
LNCaP ceBIenanedexmehh@nt nodel s for piostdte cancer
There are d nunb ' e . .
anti bodi es t% b|g#§? m%gﬂnﬁapl3eh¥%ﬁ%aﬁé§§tﬁgﬂmadwpme
i mpdiameler of wihigh pressthet Woedhcel , such as
al pha- net hyl C) | cﬁgﬁ\b IBCRMRSE: LAMAREri AN Prdcb‘éka)t‘ &id template,
Specific Amtl PSA) O her dnti bodi es uge ul
e RAFTEN die SRS & FAskapt e e Bl & gl cqopyd 'temﬁlelwolve*
CONBEXrgdaicioh trodiemdeal priokdbsBo generdie B&lothe 0L gekd-bdint hdnoghirtes:;
to these mar ersrg%ﬁmags ?oqaugated to SACNs Cel |l ul ai
| abel i ng and" I mag 5@ P'ent's in which LNCaP cells
ar e treated @it hlelﬁawgﬂa@ sgcordpurTband mdd copldie fiownad yeigmpnted,

P&E fb&rngﬁgtoa-zhﬁlee\t fhedGl(j u®imt R g@ﬁér‘lte Mi@alinld 60}0us aadndihie

| ocal I zati on of the antibody conjugated SACNs

mnIPmB%”W%ﬁ1tored [ 0275] SACNs conj ugated to both
AMACR dnti bodi es dnd PSA anti bodies will be used to
conpare protein expression of AMACR and PSA in the
cell lines LNCAP DU- 145 dnd PC 3 as detail ed by
Kuef er, 16t ah SAGNJcoPatifigla 2002 icid &te. 8RimABacOe remrigyinpdiccule,
be t] eat i i catdonfi o
Che bt SRHAVEE A AT A AR R TRt o
t r e&tonatyHE apuppffaerspe gatfcer LNCaP, a
hoi none-sensitive tunor cell line, denonstiatcs
stlonger AVACR ression by Western bl ot anal ysis
than do 'del 1A WFﬁggcfiﬂiﬂé and PC-3 Upon treating the
LNCaP cel | s a t hpividiap ubanpadele; t he AMACR protein
expression in cells remains unaganged, wher eas

prost at e-specific anti gen, to be
andi ogen-regul at ed



denonstrat es decreased protein expression Spati al
| ocalization of the SACNs will be perforned In

w0 ndocacaBe ul ai i magi ng, unlike siirfdce | abel i PQT/US2005/013989
experinments, it is not possible to wash away unbound
tags These experinents will therefore allow us to
under st and what happens to excess SACNs that are not
bound to a specific target within the cell (for
exanple, if that target is down-regul ated, such as PSA
in this assay) [0276] Arnold, et al AmJ PID SIO
Endoci nol Metab 2004, 288 E573-E584 recently published
a study of the effseddtinpf Raudnypdivgepongidrotsstlehgid nanoparticle;
(DHEA), dn oyer th&sGRMRIRS naflipalide Wik 9ioR! faent , on the
gene and protein expression of LNCaP cells They found
that DHEA df fect SWIEEIS thsstiBh P PEY AfPEe FAWP SlitTEurige group
t he PRt of a2 @& eommfgr(ﬁﬁAnclaiS—(y@dﬁdgna@, a nunber of
| GF receptors Us| SACNs coii|ugated to PSA
ant i“@&f&?@%‘:‘ugﬁ‘é%%&?’? Bé’&‘ﬁp‘gg&i ndi cative of cell growth
in cancer cells, such as CCND (cyclin D), this
bi ol ogi cal s i J-NVest i ed . The cells will
be treat @d vlet e%&?ﬁ!tetcgggtiggy‘gﬁ%@hsg ‘inoic acid and
17bet a est r adlioBRinME2 Piologisy] seompatde the cel | ul ar
I magi ng i esubjtcSniiihdint HapR WikRGItaGhghyd SKOOLEh@kinga

| CLAI M5 t . is clainmed is: 1. A nmethod, conprising:

a) @é?ﬂ?leﬁ%éhtg‘&%@?‘f’ith(gr‘i‘g‘ﬁ’fte’én%t al into a pore of a

tenpl at e, t he dpedtisg the amitiegoumfto vifid whronjggdedsaCilhan 300
nm b) causing deposition of a second material into
said pore of said tenplate, wherein the deposition of

at | east!%oneTkstmeshwil @f dl3ind§ Wheitie e Zlomalserlesu the seddnye

mat @fhMmdnB¥ahviesiaf agadaikc el ectrochem cal processes

to generate a segnented, pore-bound nanoparticle; c)
repeating step a); and d) rel easing said second

mat er i al20andTiganeahotl enqidi@ti & wheem tieaskidpls sgeramidddm the group
por e hound iGle. neraks -, : et
ot S AR APR BALL MG b HRRR A o SRRk M, L e
sai dhaftigregsremetiaial fd dpestitipldluil. heedular axsrsg ekl $9ebm 10- 300
nmand a wwdth from 15-300. 3. The nethod of claim]1,
further conprisi ng repeating step b) and c). 4. The

nmet hod of - cl AiiMd CRREPEEN said tenplate is al unina.

‘5. The net hog coftacth@d siimple swhetee bitohhieing @congervatear lkal one
secobi har ey by g P iRR sl fo Ukl e
sai theygtdd; is Au. 8. The nethod of claim4. wherein

sai d second .‘ S - S ‘ al), ln 'in Beast one
wherei n sal & Esal St o L IR el g o
cl airpalyte biggerpaitier ¥l 454€N:¢86i ng conpri ses treating

with a strong daedidg i SERDUERA! dnércBy it piofRBccdBME anabyde is ddt@mined

met hod of claim 10.. wherein idstrong acid is nitric
aci of ! ?,'Hlmglgibeﬂ thgfr}leélhla 068r§§§n(fe§)?%gwdﬁ w%ergby lge presence ol1 at {cast one

analyte in the sample is determined.

22. A method, comprising:

a) providing a microscope coupled to a CCD camera;
b) providing a cell;
c) contacting the cell with at least one SACN capuble of specifically binding to
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12. The nmethod of claiml , wherein said
el ectrodcposition is selected fromthe group
weonsiosusng of pul se plating, pulse current pletT/08§2005/013989
reverse pulse current plating and doubl e pul se
plating. 13. The nmethod of claim 1. further conprising
provi ding a short SAM nol ecul e during step c). 14. The
nmet hod of claim 1, wherein said releasing conprises
using a solution providing a SERS-active nol ecul e. 15.
A net hod, conprising: a) causing deposition of a netal
into a pore of a tenplate, the pore dianeter of which
i s ltegell erhanrti80Q terellb) causi ng deposition of a second
mat erialg)i nt @oaah a PRV Runfkr fﬁ@hﬁ’g Jee.@p&cw;a@n thWREF R e Emm
dep03|t|on 0 east one of said first material and
sai d secdnd #rtiERS AUy of dp@sett a¥adai ¢ el ectrocheni ca
processes t oasg@ivbfighedsa s€gMeENnt ed, pore- bound

nanoparticl e; and d) releasin
S&I&Rgg@bHEMHHFQF gpmﬁ%ﬁﬂgﬁf%wm@nplate frgn1sa|d )

segnment ed pore-bound nanoparticle with acid treatnent
to generate at |east two porous free netal
nan0par tA3C IrRSmetddd.of AaifASNyhe R RS w,ﬁ»emgmar MRAPRL i€ bfected

Raman-active r ter Sig, 2 .
e Shu o s o e R VR aponp S Ee Bl Rt g omic
gr oupatgofilgr Jbirivg raffoamincStiege G, a laguidhkys@l igrablafijteraand a
CIE%&&QM&so} At hod, conprising a) providing a
nanopartlc B§ assot iating a Raman-acne reporter
nmol ecul e Mﬁth sai d nanoparticle, c) encapsul ating the
nanopar tisCirge Mikda o8I, 22 AN refh) said@El dnytin g fltlﬁh‘ﬁ‘l‘g SR cbrfprises a
bear. a reactne foup el ected fromthe gioup
con§ﬂ§?f%§“8?mﬂ%]méﬁp‘f@&ﬁw“g”cﬂﬁw5“group, and a - COO
group wher eby anaaptriny &itted a SAORgusicpraepared 18 A
nmet hod for dgtec | >
2 bi ol ogi cal Dsamsy a3 aeit 2f GAHRRELD R Rt BB D
a bi oconjugated SACN conprising a bionol ecul e that
bi nds t-ost g BRI AN, WhereflehRGEJuRS ts(nﬂar@&al yte
bound to sai d bi oconjugated SACN 1 ﬁe net hod of
cl ai m 18) whef ¥eHing He'“ HP‘Br”ré'I“%‘E AP’ %A H’C%“ﬁ%‘héi*fa'? yPenogprgmator;
conpl emant ar ;cqmucd t&@ctomﬁtatesamweme@&mm thih@ino@t Mmaetayodetector: and

cl ai m 18, wher ei F (ﬁ)ngf s..selected tromthe group
rg, %Ian 2 rrf)]e]

consi st ﬁg OE(EP%1 cal{;)gs sputum tears

sweat, another secieted fluid urine, iecal matter

cer ebr 053%' ﬁ*ﬁé mJtlllold|0fjcla|lnri’t3.e\1ll§l:elint ldl@lacc{u rML gonﬁal 1QcQ| lular
extract, and a cel

a) exciting the sample with a line of radiation;
b) acquiring the complete spectrum of each spatial pixel in the line; and
c) scanning the line across the sample.
27. A nanoparticle, comprising:
a) a core/shell nanoparticle;
b) at least one Raman-active reporter molecule associated with said

core/shell nanoparticle; and

<) an SiOz encapsulant.
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2 1 A nethod, conprising a) contacting a sanple
suspected of containing an analyte with at | east one
WG p@eiofi4eo bi ndi ng partner to the anal yte on a Pet/@smns/013989
fl ow assay surface to bind to the analyte in the
sanpl e, b) previously sinmultaneously oi subsequently
to step (a) binding at | east one anal yte binding
partner with a SACN and c) detecting a SERS signa
wher eby the piesence of the analyte is determned in
the sanple by the intensity or presence ot the signa
wher eby the presence of at |east one anal)te in the
sanpl e i%8. dietrenopunield oR2:iA2Trdtrthedy hegompidicsieAigl agnoparticle is
pr oYél lcﬁ %ol tl{‘g| ?(fug‘?!&qpt% %@prl\ﬁg CJI‘QA@SI]QE:P(WQ%IH Qﬂ ccpc/Au shell
providing a cél gntactlng he cell v
| eamm%é‘“@ﬁ@ﬂ/%@b‘d agiclsf, sdiprerErefAcar!| gﬂrtbi%ditwgwtcww shell
cel bdr@(rlesad]lﬂﬁlﬁzt doEHﬂALOJhelt ;I)'lﬁlc%e"ﬂx(;)v e/ A BMi [ﬁ!'hfdgs and TiO; core/Ag
mavenﬁnber filtering device between the cell and the
camdFaPE)Secquiring a plurality of data sets: and f)
assenbling the data sets; whereby a spati al profile of
the SACN is acquired . 23. The nmethod of claim 22.
wherein the wavenunber filtering device is sel ected
f r om t h@9gNAoaPPEBHSFEPIIFiEE of a nonochromator, a notch

filter, a flbterdwmaﬁbm@QQMS&ngﬁ&éC tunable filter,

Fourier transformjnterference fil

crystal tunable f‘ﬁF’f‘%?C“V%ﬂﬁB‘“@b‘ﬁ‘ﬂf‘i’f t“f%ﬂ%‘“L‘fqt*ﬂga“‘“’“‘)*"c metal
f or egopangrle; 24. The net hod of claim 22, wherein said
wavenunber fjiltegi e crysta
Cunabl e 11118 - Soq SRt ER FRALRES R bk

acquiring data at a first frequency; and b) optionally

acqui ri ng gat@ndhridlc SEEARY9, Q\ﬁ\gre§1u}gsaﬁﬁé{@)ﬂtc nfe[aﬁr%H@ﬂﬁﬁx'c@%as a
25. The nethod of claim.22, wherein said acquir

conpiapsslectedyorying BrapmGoRwing gt Pty @?M@l”@“‘ﬁ&??ﬁ cygipder,
a |Gﬁﬂhmﬁﬂmi&ﬁmmghnﬁmﬁnmﬂﬂhwﬂmmbﬁﬂmdb)n@ﬂqumﬂmmgmmh&_

co n%al%rop agg?nanqur%cfe [%{{&IPOJ Sha[jea narﬁpabLlec orpS{nashrpcd po%us and non-
Iocaﬂmmms*mﬁﬁhwmm@ﬂmethod of claim 22. mhereln said
acquiring conprises: a) exciting the sanple with a

line of radiation; b) acquiring the conpl ete spectrum

of each 34pals "ANOPHIiSE P! Gl4im PV hEIEY dhe napoRarigle & aamBRoMgrie Haped.
| i nendapprosimathenasa@spl e. 27. A nanoparticle,

conprising: a) a core/shell nanoparticle; b) at |east
one Raman-active reporter nol ecul e associated with

sai d 32. The method of claim 31, wherein the nanoparticle has a diameter of about 250 nm

and length of about 250 nm.

33. A method comprising,

a) administering a SACN nanoparticle imaging agent to a patient,

b) scanning the patient using a system that can perform spectral imaging;
and
c) generating a spectrum or image of an internal region of the patient.

34. The method of claim 33, wherein said system is selected from the group
consisting of a spot scanning confocal microscope, a line scanning system, an Optical
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core/ shell nanoparticle; and c) an Si Chencapsul ant. 28

The nanopaiticle of claim27 |luithcr wherein said
w@ooehsiagd | nanoparticle is selected fromthe BPEDUS2005/013989

consi sting o an Al112S core/ Au shell particle, an Ag

coi e/ Au shell particle silica core/Au shell panicles

silica core/ Ag shell particles alum na core/Au shel

particles, alum na core/ Ag shell particles, T1Q2

core/ Au shell particles, and T1O2 core/ Ag shel

particles 29 A nanoparticle conprising a) a

ani sotropi c netal nanoparticle, b) a SERS active

| epéobemcaonegyihe spesnesatedhadddrsalydvanissgt wapicogth band, a

net @]hor@s@é}lgpmatgmg L)@l’em(a)mﬂ% a#&%ﬁ'ﬂgyl @1‘& Loﬂge rnﬁﬂtercd image

ani sotropi c netal” nanoparticle 30 The nanopaltlcle of

cl aidffP9" wherein the anisotropic netal nanopaiticle

has a shape selected fromthe group consisting of a

spher oi nanoheh

onoss oo PR BIGH. Litssale R artea) s RRReRE

apowoshapeaslingahibpahds gliey. theeasculdugphegindipedand spleen, the

nan Qﬂg%&gkgregﬁgrapod shaped nanoparticl e ppsm shaped

por Ous an ﬁbeonetrlc shaped nanoparticle 3 1 The

nanoparticle ot claim30, wheiein the nanoparticle is

non- geonet Them&NAREElaiand, RS OX W&Elﬁﬁm@caﬁﬁdﬂbﬁﬁ%ea&l ilfging is

nethod_%r claim3 1 wherein the nanoparticle has a

di aff@t"&"°5¥*"4bout 250 nm and | ength of about 250 nm 33

A met hod conpr|3|ng, a) admnistering a SACN

nanopart ent to a patient. b) scanning

t he patftntqﬁgﬁﬁghmgqﬂgten1that can perform spectra

i magi ng, anddc) gendcaginyAYNHEEENURILOP] orragECdt inggived in an

| Nt @Bddethal Bz@]ﬂild@? i a fal1€nt Rk in€ Mnoddh JR10TR tWhedin@fe SR Mcome

33, wheieln said systemis selected fron1the gi oup
con§?§§‘i“i“ﬁjd° BF‘OlﬁC%‘paéioc‘éf‘%\WWf RERegHI2bR o8y dPbscope, a
| i ne scanni ng sy sbianing anin@lihd cateGadoanen®eCNpnogr aphi ¢

syste stem!t et y over a single
mavelghafﬂa’mr pmgﬁfﬁ"m g%%dngw?naglng system

conprising an excitation light source and filtered

i mage deitSeﬁié rﬁahod%?’c]al;wkq m%ﬁ‘énd% l&:la@dnmf t?hg abn‘ﬁﬁﬁiﬁ &thﬂ)logy

the region of a patient Is selected fromthe group
conSPRATSTIGheRsHoH B ract gt Bre: livererviy s eadt ad gelen-
heart, |iver, and spleen the gastrointestinal region

g’gn ggref'fge Odelho d oFfldlmn% \%kzrem Slrd%AE t he 1a0; CX ‘icnmf assocm%c} with an

A nbtdzog probo mhr:nemsng cldnzar)lsu:rmlsc m@dmm%n:groauqm ulneahmgu}g fofbe, and
SACNGie/L R 5H885 BENS RsaBolRE BEMhELRP) MRy fifla.an

40. A method for labeling an animal with a SACN, comprising introducing a SACN
into an animal, wherein said introducing is selected from the group consisting of

subcutaneous implantation, intravenous introduction.

41. The method of claim 40, further comprising detecting the SACN or labeled

animal.
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abnormal pathology into a patient with the abnornal
pat hol ogy, wherein the SACNs becone associated to a
wondoeord4g associ ated with the abnormal pat hol opgT/USIVAS/013989

b) obtaining an imagi ng of the associ ated SACNs,

wher eby an abnormal pathol ogy may be di agnosed. 38.

The nethod of claim 37, wherein said the | ocation of

t he abnormal pathol ogy conprises the gastro-intestina

tract, heart lung, liver cervix, breast, and col on.

39. The nethod of claim33, wherein said SACN is

non-coval ently associated wth an imagi ng probe,

wher ei n 4ahdnedgdicoingisei ng conpri ses introducing the

i magi ng pr Ob@) Coﬁﬂgm\lz\@ ﬁgsﬁé ﬂmﬁl@'xx‘ah %Nsbng b|§ﬂ§]§&$‘el (.%FIJGédted SACN

into the tissue or Ly f

| abel i ngpadifle snpia! Wctfﬁd”av bS}él(‘JI&I}O ‘éfb‘l*f'ﬁ‘l*el %‘PIH@ “I“ht r odu0| ng

a SACN int o @nacgiiin®d Ranmdh @Rk bf (BtisClielbifoRAUE Ed@ighi&d SACN

sel ect ed fron1the group conS|st|ng of subcut aneous

i mpl ant 4ETU6% M¥R{Y avenous i ntroduction. 4 1. The

met hod of claim40, further conprising detecting the

SACN or Jiabgl 633t BRi Azlzwhe% PR HORBL L] A or hiH

contacting a tissue sa | east

bi oAdsliteai nen-SAAY (rgerned SACN partlcle capable of

speC|f|caIIy blndlng to the tissue sanple: and (b)

acquirin

oo ue! Do Rt el TR oAbt PN BB S e e e eroup

43. ca'rim@tnfg‘eft h@d h@fnoﬁk)&lnﬁﬁndZ covierien dfhemdtd gEuendiessin.

contacted with one or nore additional non- SACN

reagents. 44. The nethod of C aim43. where the

addi ti orfal Thegegyeordf ¢lgmgid] faghceePfriors-t he group

consi sting of) KRGS a FAEFRLAKY AR imB06r AisGRIRMNSHHPR s (a) of

henot ox X|In and eosin. 45. The nethod of claim 42.

f ur €HEr42 6ﬂpr|5|ng (a) acquiring a background Ranan

[ mage of a t(lbﬁ&Ul@cSﬂj’t‘ﬁﬂ eckprdudd spe@rusi fem thaRangh irgdgaionthe
Uﬁagb (gmg))]acu}é con *gd{cﬁ Sgghgglﬂgfﬁ}ngt%r Q(gm?(gﬁetgri% gifa?ﬁaéra 42,

SACN partlcles m xture acquired in step (b) of claim

42. 46. 43“‘1%&1#&1%9 Qf @lfan‘rgsa{vmré"rﬁc us‘é(ﬂlﬁ( &mfah@d \t"l'ths(ﬁlg Br 1h§re

contacted with one or nore additional non-S

r ead¥titosal namrSAGN EagRdtthod of C ai m 45, where sald

additional reagent is selected fromthe group

ﬁgﬂzl ziliﬁggﬁhocflﬁeghoéggﬂﬁlm ZIEDWQ&f%SdId JU(% ﬁ&a] requen? 1S select%iirom tge group

fur t:dmnmn@@hmsunﬁermgto&xjmad p agntifeorRA remotpxyhig&dwpdh  an

i mge of a tissue sanple which has been stained with

strongly col ored orqanic dyes to visualize cell sjze

and s hapté The method of claim 42, further comprising comparing the Raman image with an
image of a tissue sample which has been stained with strongly colored organic dyes to

visualize cell size and shape.

58



