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variousfields such as anal yte detection, electron transport or information
storage. MoBanoparticles of noble metals such as gold or silver can be prepared in

various geometrical forms such as spheres, rods or pyramids. These small
objects contain the metallic element in chemically reduced form and depending
on the way they are prepared, they can be either stored as reduced powdered
solids, or held in stable suspension in solvents such as water or various organic
solvents (i.e., as a colloid). Because of the nanometer size of the particles, the
naked eye cannot distinguish such suspensions from true solutions, although the
microscope can, and such suspensions are therefore termed colloidal solutions.
The particles are therefore easily cast on various supports to form well-defined

circuits.

The study of these metal nanoparticles has been an extremely active area
in recent years because of their unique electronic, optical and catalytic properties.
Since light is associated with an electromagnetic field, the opto-electronic
properties of the nanoparticles are particularly interesting. Indeed, because they
are metallic and capable of conducting electricity, the noble metal nanoparticles
are surrounded at their surface by a dense cloud of conducting electrons. When
these electrons are excited by light, the electromagnetic radiation combines with
these electrons to form collective oscillations that radiate away from the particle
surface. As a result, the particles exhibit specific light absorption, reflection,

emission and scattering properties that can be successfully applied in various
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However, it has been shown recently that it was possible to construct
nanoobj ecwe 20wt 737i di fferent netals alternating in thepstrusedosnsgsoodhi s new
advance opens the way to their use as nano bar-codes in nunerous
applications. Because of the field acknow edge potential of nanoparticles
Ina Vﬂéldgts)(x Qﬁ%ngf Scfet@?t%d @éb%ﬁtéﬂ?p’o?t beinfatatiboriaerdgel evest in the
devel oprent o es o anopartlc es ‘and applications therefore.
SUMVARYT fHfe ﬂ'driﬁcle@éfbﬂ'bdl‘do&ibalafeahmhe@énm@jym pbtheraame oigiaki te col | oi ds

and net hods for ITB.kI n he sanme e vided, T subj |ds find use
in a valowauerot has bee eﬁﬁi‘Pwéb'ﬁCPEg{yi tg%ﬁ"\’?’ﬁ:f’ﬁ%ﬁ H% tgncgrﬁfr Cﬁ@%é}ct i on

appl i C%Ejg%gg?ﬁgi& o‘?ﬁ@r‘éhf'%tél’é%li%ﬁr@th?% thastrudrirehamgibewcidvantéoi ds.

BRI EF OF THE FlI GURES F HPLC profil e of

pol y(t bpepsdmewaydartbeix ybé @sanand) b[ar@pd]esarh@umerpmla};@@;at[anght] sol uti ons.

The elution time of bovine serum albumn (BSA) is indicated (arrow) for

reference. Begauge of Steabelbllamnowrledgeqmtemlaiadf ngvlogantiniesiara vatiely @bwar d
salt floccul ation by PAN - COOH at H val u

I ent.
St abi | harseAPBKCatONSoiese '%B‘P’H'm'alﬁﬁ;ﬁ%tﬁf‘?src} iphe Geus PPT%E&%S?”W% sal t
by inc €00H at fixed pH Original absorption
wavel engf’%h&g?&@%%%&%ib R:%gloﬁé tﬁéh%ﬁr%part icles are respectively shown by
up and down open triangles. F| g. 4. Progressive stabilization of gold
nanoparticles toward floccul ation by salt by increasing concentrations of
PANI - COOH at fixed pH, as asure t 8 t he maxi mal wavel engt h
after salt addition. Fig. M ' ectra of solutions of
PANI - COOH, col | oidal gold nanopart i cl es and PANI - gold corrp03| te. Fig.
6. Absor pt i Glablesneta/conduttvecpoiyseset composite gpll@dswﬂéaemo §HPB t aken

| mredi at o Ag 14 &L ar]r%hp(?gbldegs?h'edsdlﬁjgg? e ShhE stk 8844, 8f hal T mont hs

of
different applications, including analyte detection applications. Also provided are

kits that include the subject colloids.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1. GP-HPLC profile of poly(thiophene-3-carboxylic acid) [left] and of PANI-
COOH [right] solutions. The elution time of bovine serum albumin (BSA) is

indicated (arrow) for reference.

Fig. 2. Stabilization of colloidal gold nanoparticles toward salt flocculation by
PANI-COOH at different pH values.

Fig. 3. Stabilization of colloidal gold nanoparticles toward flocculation by salt by
increasing concentrations of PANI-COOH at fixed pH. Original absorption
wavelengths of PANI-COOH and gold nanoparticles are respectively shown by

up and down open triangles.

Fig. 4. Progressive stabilization of gold nanoparticles toward flocculation by salt
by increasing concentrations of PANI-COOH at fixed pH, as measured by the

0.D. at the maximal wavelength after salt addition.

Fig. 5. Visible absorption spectra of solutions of PANI-COOH, colloidal gold
nanoparticles and PANI-COOH-gold composite.
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storage at roomtenperature (dashed line). Fig. 7 . Difference spectra
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Fig.10. Effect of glycerol on PANI-COOH-gold composite nanocolloids as

measured by difference spectroscopy.

Fig.11. Evolution of absorbances at typical wavelengths of PANI-COOH-gold
composite nanoparticles as a function of changes in the refractive index of the

medium.

Fig.12. Comparison of the changes in absorbance at 350 nm for the composite
material and changes at 575 nm for gold nanoparticles as a function of the

change in refractive index of the medium.

DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. Still, certain elements are defined below for

the sake of clarity and ease of reference.

The term "colloid" refers to a fluid composition of microscopic particles
suspended in a liquid medium. In representative colloids, the particles therein are

between one nanometer and one micrometer in size.

The term metal colloid refers to a colloid in which the suspended

microscopic particles are metal particles.



gold, silver etc. The term "conductive polyner"” neans an electrically
conductive polyneric material. In representative enbodi nents, conductive
pol yner s woaoawogasviic pol yners, such as p-conjugated orgaorwspasysssos. For
exanpl e, enployed nma/ be pol ypyrrol es such as pol ypyrrol e,
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material s having a functional group such a
as polydiacetylene; polyazulenes such as polyazu?ene, polypyrenes such as
polypyrene; polycarbazoles such as polycarbazole and poly(N-substituted
carbazole), polyselenophenes such as polyselenophene; polyfurans such as
polyfuran and polybenzofuran; poly(p-phenylens) such as poly(p-phenylene);
polyindoles such as polyindole; polypyridazines such as polypyridazine;
polyacenes such as naphthacene, pentacene, hexacene, heptacene,
dibenzopentacene, tertabenzopentacene, pyrene, dibenzopyrene, chrysene,
perylene, coronene, Terylene, ovalene, quoterylene, and circumanthracene;
derivatives (such as triphenodioxazine, triphenodithiazine, hexacene-6,15-
quinone) which are prepared by substituting some of carbon atoms of polyacens
with atoms such as N, S, and O, or a functional group such as a carbonyl group;
polymers such as poIWinyIcarbazoIes, polyphenylenesulfide, and
polyvinylenesulfide. Of particular interest in representative embodiments are

polypyrrole , polythiophene, polyaniline or their derivatives.

As is known in the art, the conducting polymer may be doped by
incorporating into the polymer materials having a functional group such as a
dimethylamino group, a cyano group, a carboxyl group and a nitro group,
materials such as benzoquinone derivatives, and tetracyanoethylene as well as

tetracyanoquinodimethane, and derivatives thereof, which work as an acceptor
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di et hyl am no group, a cyano group, a carboxyl group and a nitro group,
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surf acgobingr ?Qfdesé,f 5ed REMIN AR tha® BRicirdrCaddepting Mesleedlesn an extremely
thin | ayer “of nolecules (e.g., water-soluble polyner nolecules) to the
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contacf. A material is "water-soluble® jf it, di I I r yth
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consi dge eGthepbeteBlsidY gordrsat | east about 0.02g will dissolve in at |east
about 100m water at standard tenperature and pressure (STP) conditions. As

used herei npbhgr %@té{lf&%ﬁféﬂg@%olgﬁ%%ohsbo%ﬁtia%nerd" Péferd QU81CBRGId A S

such, a first itemis contacted wth a second itemwhen the tw itens are
br oughmagie yuof mej@tdeeticles h@avingya candiioting polgnet presgohontensurfacene term
"conbi mﬁng refers to contacting two different conpositions in a manner
such t H&' ?%ey beconme a single conposition. The term"agitation"” refers to
application_of physical ement to . .
PP Tﬂe tgrr%/ $‘a((fsorbr'nr)evfersr%o the a%hesion in an extremely thin layer of

molecules (e.g., water-soluble polymer molecules) to the surfaces of solid bodies,

e.g., metal particles, with which they are in contact.

A material is "water-soluble" if it dissolves in water. With respect to the
conductive polymers of the present invention, such are considered water-soluble
if at least about 0.02g will dissolve in at least about 100m| water at standard

temperature and pressure (STP) conditions.

As used herein, the term "contacting" means to bring or put together. As
such, a first item is contacted with a second item when the two items are brought
or put together, e.g., by touching them to each other. The term "combining” refers
to contacting two different compositions in a manner such that they become a

single composition.

The term "agitation" refers to application of physical movement to a
composition, such that the components thereof move relative to each other. As
such, the term agitation is employed broadly to refer to mixing, stirring, and the
like.

The term "ligand" as used herein refers to any type of molecule that is a
member of a specific binding pair. Ligands of interest include, but are not limited

to biomolecules, where the term “biomolecule” means any organic or biochemical
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e.g. Q@@dpﬁ{etmwé,{g@ta@wn Vat son-Crick base pairing interactions. The terns
nucle05|de and ' nucleotlde are intended to i nclude those noieties that

contain not Al kNS kRSP UsEA s R¥srsTodioNbplides Wispetifie, but al so
ot her heterocyc | c ase nol eties that have been nodified. Such
sequence of more than about 50 residue and includes D and L forms, modified

forms, etc.

The term "nucleic acid" as used herein means a polymer composed of
nucleotides, e.g., deoxyribonucleotides or ribonucleotides, or compounds
produced synthetically (e.g., PNA as described in U.S. Patent No. 5,948,902 and
the references cited therein) which can hybridize with naturally occurring nucleic
acids in a sequence specific manner analogous to that of two naturally occurring

nucleic acids, e.g., can participate in Watson-Crick base pairing interactions.

The terms “nucleoside” and “nucleotide” are intended to include those

moieties that contain not only the known purine and pyrimidine base moieties, but
~ also other heterocyclic base moieties that have been modified. Such

modifications include methylated purines or pyrimidines, acylated purines or
pyrimidines, or other heterocycles. In addition, the terms “nucleoside” and
“nucleotide” include those moieties that contain not only conventional ribose and
deoxyribose sugars, but other sugars as well. Modified nucleosides or
nucleotides also include modifications on the sugar moiety, e.g., wherein one or
more of the hydroxyl groups are replaced with halogen atoms or aliphatic groups,

or are functionalized as ethers, amines, or the like.

Also of interest are small organic and inorganic molecules. For example,

organic molecules, such small organic compounds having a molecular weight of
6



nodi fications include nethylated purines or pyrimdines, acylated purines
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include aliphatic and unsaturated hydrocarbon chains, spacers containing
heteroatoms such as oxygen (ethers such as polyethylene glycol) or nitrogen
(polyamines), peptides, carbohydrates, cyclic or acyclic systems that may
possibly contain heteroatoms. Spacer groups may also be comprised of ligands
that bind to metals such that the presence of a metal ion coordinates tvwo or more
ligands to form a complex. Specific spacer elements include: 1,4-
diaminohexane, xylylenediamine, terephthalic acid, 3,6-dioxaoctanedioic acid,
ethylenediamine-N,N-diacetic acid, 1,1'-ethylenebis(5-oxo-3-pyrrolidinecarboxylic
acid), 4,4'-ethylenedipiperidine. Potential reactive functionalities include
nucleophilic functional groups (amines, alcohols, thiols, hydrazides), electrophilic
functional groups (aldehydes, esters, vinyl ketones, epoxides, isocyanates,
maleimides), functional groups capable of cycloaddition reactions, forming
disulfide bonds, or binding to metals. Specific examples include primary and
secondary amines, hydroxamic acids, N-hydroxysuccinimidyl esters, N-
hydroxysuccinimidyl carbonates, oxycarbonylimidazoles, nitrophenylesters,
trifluoroethyl esters, glycidyl ethers, vinylsulfones, and maleimides. Specific linker

groups that may find use in the subject bifunctional molecules include
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i,i'-ethylenebis(5-oxo-3-pyrro|idinecarboxylic acid),

,4' -e Pyl Mol 0, ' | i@nalities include
nucl eob%?%rls@%?‘ hﬁ%@ﬁ#ﬂ dlg'?%%)’pgé@é(ﬁa%r?%é@%ﬁggﬂoq@?%lﬂ?bI s, hydrazi des),
el ect r Npld-{p-szifl osaitcytmaih ) batytls3'([21-pehigyldBhiofmopiopamid hydis-k et ones,

epoxi des, | socyanat leimd , . f ' I
T o kR N e R
SpeCIfL;ﬁa%?ﬁﬂlHHb;arfxrg@%W&’@ciWimr@élstéﬂd\ﬁ%%b@aé_ ASUfRTicEiRsmidykdL oxami ¢ aci ds,

N-hydr oxysuccin esters, Nhydroxysuccinim dyl carbonates,
oxycar hridpbenzoktzpNesyccinimidyhErgzidopbeny!]- i3 dithpsepiepeteest er s, gl yci dyl

et hers,. vinylsul f d | ei i des.  Speci.fi ' ] [

use nw-ﬁ@é‘%w%]:@eﬁﬂﬁém%ﬁvﬁﬁm% PiRae SfireleioRREs poR BT o iy 4 1

COITpOU < | _ H {0 . . . . . .

T (b e R b@u’g‘;ﬁzf‘ﬁ?g&ﬂ?‘% S oDl e

Ib:\l Issul M?W@K???ymlﬁlasiam >PRPeA-6Ytaa ewrﬁm@ybwﬁ%sxam—&w tartrate,
- -mal.einm.do f : asul f -4-

azi donéRFY <|,:a&@sﬁéﬂ;dﬁéﬁ%@&@hﬂéé%&E%i@’mw?%%’%ﬁf%ﬁi opropi onate,”

succi ni m 4-j | 1.nob , .

i dyl - TRedRITes IBOHERA fape AR s e BRf0 EEkT o o"BOyRES

3-(2- pﬁphﬁ%!sgatd?'ri%b%elﬁbﬁ'&le%.aC' d N-hydroxysuccini m de ester (SPDP),
N-mal er'm donet hyl ) - cycl ohexane- 1- carboxylic acid N hydroxysuccini m de

ester (SNCC)Byt'Wag'\é cukkSs rﬂ-é%tttﬁég? CPFTHW R ¢F tRE sBmePBfa’ Sihifitaras used

herein refer-to ol'ymer conpose onucl eoti des. By "honbgenous" is
meant kirat oenatanptisougloout, d.eof oft Urdfaramstroctuee of adinpesitiondhrou gheufr e
t hroughout, i.e., of uniformstructure or conposition throughout. The terns

" deoxyr i bonotlectems ¢Hédxyaitoridic ssidUsed “DNFAeias usedrherepoingran aconposed of
deoxyri bonucl eotides. The term "ol igonucl eotide" as used herein denotes
si ngl e PolyBgIR@Mposed of deoxyribonucleotides.

The term “oligonucleotide” as used herein denotes single stranded
nucleotide multimers of from about 10 to 100 nucleotides and up to 200

nucleotides in length.

A "biopolymer" is a polymer of one or more types of repeating units.
Biopolymers are typically found in biological systems (although they may be
made synthetically) and may include peptides or polynuclectides, as well as such
compounds composed of or containing amino acid analogs or non-amino acid
groups, or nucleotide analogs or non-nucleotide groups. This includes
polynucleotides in which the conventional backbone has been replaced with a
non-naturally occurring or synthetic backbone, and nucleic acids (or synthetic or
naturally occurring analogs) in which one or more of the conventional bases has
been replaced with a group (natural or synthetic) capable of participating in
Watson-Crick type hydrogen bonding interactions. Polynucleotides include single
or multiple stranded configurations, where one or more of the strands may or may
not be completely aligned with another. For example, a "biopolymer" may include
DNA (including cDNA), RNA, oligonucleotides, and PNA and other
polynucleotides as described in U.S. Pat. No. 5,948,902 and references cited
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nucl eotide nultinmers of fromabout 10 to 100 nucl eoti des and up to 200
nucl eotides in length. A "biopolyner" is a polynmer of one or nore types of
repeat i ngwonndaca47Biopol yners are typically found in bi olpogiusadossysbens

(al though they may be nmade synthetically) and may include peptides or

pol ynucl eoti des, as well as such conmpounds conposed of or containing am no

acid a = ' i iyd 4Softh

mon- nacet 2l o B Aring6ldorala Rerel by P Bt o Rt P,
conventsouneg. backbone has been replaced with a non-naturally occurring o r
synt heti c backbone, and nucleic acids (or synthetic or naturally occurring

anal ogs) in The phraee opticabpropsrty’ teferony antdptival pasestehde heen repl aced
with a group (natural or synthetic) capabl e of lparti(;i afti ng in

Vat slon-rtcpp@uty wheseriaive geteroRes g icnpErEetisime! b@?ﬁ“ﬂ)ﬂﬁ%l%&le‘a@&gi ncl ude
single : ' ol r f th

st randsvgﬁrr%rgqjgwén%lae?/] t%%\{eatg‘g?g%lﬁé%a gré;/sa@lb%b%égmﬁtfngﬂg?ﬁ%? .{B)'Fo H:texarrgl e, a

" bi opolgbserptiomYightemiskiomNiglit nedeatiomandDigh) scattXingl i gonucl eot i des, and
PNA and ot her pol ynucl eotides as described in U S. Pat. No. 5,948,902 and

references CTAe#rARy geferéatk" ahd Wbostioliiage iusedrimterciizecabiveta réfigr to a
reference), regardl ess of the source.  The phrase "opticﬁal roperty" refers
@'H%ﬁ'ﬁé‘ %/he

to an davwsavalgaciset 6f knpwh valyes egaiistywhiplh a8 apsene P
characterjsti %Eﬁy' ' \f\/ﬂ@% REdUnRd b opti cal
pr_ope_rt(‘Tei)r sgé!'Jrelglaéel‘,Fé utérgm’qﬁ\no@grﬁrﬁn%ﬁe%ﬂ}ao: ?%I'Hté Iqé@sorpt&tf %ﬁ‘e l'i ght

eni ssi addrétgbtl parhhwtén engatight abborptioat tight ergissitime eter rs " r ef er ence” and
"control" are used interchangeably t o refer to a known val ue or set of

known val uesTRgfrfptassBbsihgrarmbesavestinglare usey imerctamyeatdly tédsefes ¢d
herei n, known neans that the value represents a_n understoodggararreter,

e.qg., |lamrormmisngaswiemanty@nddrriyees Heterainingyiéap slementisdReesfit And
"eval uat ,ng" S Wl a I o« ef el 0 « » ment ,
and i naldaapedefoda Sl panind " AeSEinkP Y ARETHY FRAREF
" det er nhtyroigangeahpandiimgude suthepsintitativeaant Yaalitative geteaaménatieds.
Assessing may be relative or absolute. “Assessing the presence of” includes
determining the amount of something present, as well as determining whether it

is present or absent.

As used herein, the term "detecting” means to ascertain a signal, either

qualitatively or quantitatively.

The term "binding" refers to two objects associating with each other to
produce a stable composite structure. In certain embodiments, binding between
two complementary nucleic acids may be referred to as specifically hybridizing.
The terms "specifically hybridizing," "hybridizing specifically to" and "specific
hybridization" and "selectively hybridize to," are used interchangeably and refer to
the binding, duplexing, or hybridizing of a nucleic acid molecule preferentially fo a

particular nucleotide sequence under stringent conditions.

The term "screening" refers to determining the presence of sormething of
interest, e.g., an analyte, an occurrence, etc. As used herein, the term
"determining" means to identify, i.e., establishing, ascertaining, evaluating or
measuring, a value for a particular parameter of interest, e.g., a hybridization
parameter. The determination of the value may be qualitative (e.g., presence or

absence) or quantitative, where a quantitative determination may be either
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I nt erchangeably and i nclude both quantitative and qualitative

determ nations. Assessing may be relative or absolute. "Assessing the
presence wo 200u0d4mstes det erm ning the amount o f sonet hi rgTISe@SNBE3098S wWel |
as determ ning whether it is present or absent. As used herein, the term
“detecting" neans to ascertain a signal, either qualitatively or

quanti vel\. "“hi ndi.ng- t Le Lald wth
dach ol BBV e o o e e ment .
bi ndi ngbbeluteeng | where mphemberafactualireolecalsisds detgrnivedlef erred to as
specifically hybridizing. The ternms "specifically hybridizing,"

"hybri di zi nghspeghisamble e 'Uusattherapaeiénsco iy fiuid dionapasitid nawhetes el ecti vel y
hybri dize to," are used interchangeably and refer to the binding,

dupl exicagaineembgaiments thg fiid somRAsHic isATHAAWUSFRTBPER ent i al 1y to a
particul ar nucl eoti de sequence under stringent conditions. The term
"screeni ng" refersDESCRIRTIGNORITHED SREGSHD EMBODHENTRI ng of interest,
e.g., an anal yte, an occurrence, etc. As used herein, the term

det er mi ni ng BRAStILoh&BREVE Yolymér: corfpbsid ESIlYiag anasReHGdgHOR.,

eval uating or neasuring, a valuefor a particular paraneter of interest,
e.g., andiymg thdi samiemre paoaitade rTheTsighjdet collgidmatindpsefin avanely @ my be

qualitatjve (e.g., .presence.or absenc Lf.atjv

quant i Aroe eprPRs PET s DBV et Hlaribitiealibhs s Bibesdare . i
are relat iy ih@ude 88 5UBjedticofloids! ef erence val ue) or absolute (e.g., where
a nunber of actual nolecules is determned). The term "sanple" as used

herein refers to a fluid conposition, where in certain enbodinents the
fluid conposition is an aqueous conposition. DESCRI PTION OF THE SPECI FI C

EVBODI VENTS gl 51! tﬁe’]@r&ééh‘fﬂ{%%‘figh‘ﬁﬁgggﬁ!gﬁ iFGRRSH d@afiok |Stélpeand et hods

for meking the sane ‘are provide s find use in a

var : et yan_dérsioédAl thatrthisdpypentian i©net limited do padicutar gmbodimerdts described,

appl i cations. so provided are kits that include the, subject colloids.

Bef or e 88HRICHITBAY A GaWeHHt VBYY- i I§ igyalsetp umcﬂarafé@gt%\@?g‘@[%rmmpﬁ)giys to be
used herein is for the purpose of describing particular embodiments only, and is

not intended to be limiting, since the scope of the present invention will be limited
only by the appended claims.

Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated
or intervening value in that stated range, is encompassed within the invention.
The upper and lower limits of these smaller ranges may independently be
included in the smaller ranges and are also encompassed within the invention,
subject to any specifically excluded limit in the stated range. Where the stated
range includes one or both of the limits, ranges excluding either or both of those
included limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although any methods and materials similar
or equivalent to those described herein can also be used in the practice or testing
of the present invention, representative illustrative methods and materials are

now described.
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understood that this invention is not limted to particular enbodi ments
descri bed, as such nmay, of course, vary. It is also to be understood that
t he t er miwolo@y4umed herein is for the purpose of descripbirng2@anssosul ar
enbodi nents only, and is not intended to be Iimting, since the scope of
the present invention will be |limted only by the appended clains. Were a

range of valyes . i i Lhtd t%- hdr&lier veni ng val ue,
to the tent ﬁHSPb#'ﬁg[%n%éﬂgﬁ%tﬁétﬁ ao,\[/\e/learqmﬁf]%t urllf eggnt e C(;nt ext clearly
di ct at preogidiated g refortnee astiheactp pafividual publieation wr patgnttwate r ange and any

other stated or intervening.value in that stated range, is engonpassed

wi t hi nspeeificallyaid @H!V“ﬁh'@”% q;atgﬁc}qb&,\jgpomql;ﬂeg k¥ r%ﬁ%esﬁﬁﬁl ranges
may in bREIHERM Lot bh8&dekafes sha ibthbdsalriior
encom&?@%&%%ﬁgﬁhg%%vent ﬁ%ﬁ? dgﬁ‘%jéﬁt to anyl/ specifically excl uded
linmit hatéhals i ebrdectapg evithAbich theepuiligations areyeited cThedeidatier obaNYot h of

1’5o | RepURRIN S oS AiReR s Pt 488 AR Fatend BB R BRorsika 2 1
E; i gzgﬁgia%oércﬁfl@idﬂﬁgt {iﬁé@r@séﬁ%ﬁv&ﬂ%rﬁ@%twﬂémomtam@sxhoh under st ood

nary ski in the art to which this invention bel o_n%s.
Al t hougblicationenhvidseantiprer isveatien.sf uithely the datgsiafAubieatigngievigedescr i bed

nvent oAy D BRsa AT e P BLBLBRAER dins il findcf PR

descri pﬁfgp@nheﬁ Lbsfirheds and patents cited in this specification are
herein incorporated by reference as if each in%i)ﬁ/i ual gléﬁl'icati n or
pat ent wer e ligpaocted thatl psased herein aodiin he aep clagnpethedBe at ed by

f nd are i ; : .
Hoscr farmms il r%%fiﬂﬂﬁ%“éﬁ&'ﬁngsﬂﬁﬁ rsﬂeigré(nté%fn?és%ﬁﬁ% dhtéit bgﬁ?t ﬁgd

SEl
descri I'nconnection w th whi
publ i cafidtars cihenisé etk isHuether hatédthat theokaipsimhay beidrafted tb@xclude d
i sclosure prior to the filing d e construe

e

te and shoul.d not a
adni ssigH aptignat elements ene Sugb &ﬁ 6‘@@%‘%&3 Rieerdg Ve Aenecceat,
publ i caLlsAk PYeXidk Eggh Oe{ckl)lﬁ’éi{/Q??r‘n‘ﬁH@ “solEly, hednlyt BRd dakakedh
publicatron provided may be different fromthe actual publication dates
whi ch reyineetioh with the recitation of claim elements, or use of a “negative” limitation.

As will be apparent to those of skill in the art upon reading this disclosure,
each of the individual embodiments described and illustrated herein has discrete
components and features which may be readily separated from or combined with
the features of any of the other several embodiments without departing from the
scope or spirit of the present invention. Any recited method can be carried out in

the order of events recited or in any other order which is logically possible.

As summarized above, the subject invention provides stable
metal/conductive polymer composite colloids and methods for making and using
the same. In further describing the subject invention, representative embodiments
of the subject colloids are reviewed first in greater detail, followed by a discussion
of representative fabrication protocols and methods for using the subject colloids.
In addition, a review of representative kits that include the subject colloids is

provided.
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I ndependently confirmed. It is noted that, as used herein and in the
appended clains, the singular forns "a", "an", and "the" include plural
r ef er ent swonbh@ar7i7me context clearly dictates ot herw sepcirtuseasfossobher
noted that the clainms nay be drafted to exclude any optional elenent. As
such, this statenment is intended to serve as antecedent basis for use of

such gl SR d RN ERT Saebein Corl@lsy” and the Iike in connection

with t recl I'on of clarmelenents, or use of a "negative" limtation.
As wi |l be apparent to those of skill in the art upon reading this
di scl osure, each of the individual enbodinments described and illustrated

herein has discrete .conpgnents and fe t.ures. whi ch. I epar at ed
from or cong‘ﬁr%tﬂ“’\ﬂﬁf'ﬁefi qvga?dac?@ge%ﬁn am{P 'PntF}{gV'&eﬁ %yfgjﬁgucgn%ogi nent s
W'thoug ggrrzﬁcgin%sﬁ Bblidias SATBSHE o‘FIﬂhé stbjett édIpidy RBAL theyans i on. Any

recite can carried out in the order of events recited or in any

ot her staiide. Ashuséd heremgfchmterm plabie mfers tasthewbifity iof &ie RBGURIes Bhdhe ubj ect

i nventi o rovi des stable netal/con y. [ | oi ds and
ot hodBSRI R HRAR 1 aubisergos e TSR Hedifiniihs SBIBRE S 8- e’ Subj ect

i nvent baRicldLdb ﬁ%?ﬁﬁéélFMQtee@M msﬁfn tb@]yssi@mlﬁchnt:@ttémtcwmr e reV| ewed
first in greater detai followed b y a discussion of rep reéent

fabri cespset mthew&wcaﬁallwdﬁhtb@scql@ﬂdm@rerfdabheém%ﬁ@!ﬂt%ﬁ

addi tiqn t ll1oid
s br oo PdBoRE 4y b KigHea RS VRIS AP IE! bty R A%ggﬁlr%%a@ﬁéggpabgi/es
the prepent3 hib’r&hé iamig pineludies atizat Abontid etontes parigreed axeyposi te col | oi ds.

A feature of the subject colloids is that, t are stabl e. used ,h
the t ef@ﬁ@ﬁ@'bﬂaéw? @f@P@dme'ﬁtﬁeS'EﬁWQ’ fqryp‘?fiodtsrfg ‘%&Ptqr@ ¥Ar {We&s)gll‘g? Sr te Ion

remain ”?éa‘?& 6r”|o§1§sr 9ﬁélhag1;g W%H%?éarfsr@r leAhtei d, e.g., the

partlcFes do not”’ preci te out suspension to any Si gnlflcant ext ent .

Wth respect, t.o th
mai ntai ned 48 t%?ﬁ@b%ﬁf%@"b&d% Boftposliefof fletdls s EhduARFpaRers, o 4
nont h - kigggincRidebah aiitmétﬁaébm@l@neht andenddraiucting polyméncimpanentcliseé  about
6 nmonths 1ong, and are, i

metal component of fhe subject colloids is, in representative embodiments, a

noble metal. As indicated above, noble metals of interest include, but are not

limited to: Group VIl metals of the Periodic Table including, but not limited to:

platinum, iridium, palladium and the like, as well as gold, silver etc.

The term "conductive polymer" means an electrically conductive polymeric
material. In representative embodiments, conductive polymers are organic
polymers, such as p-conjugated organic polymers. For example, ermployed may
be polypyrroles such as polypyrrole, poly(N-substituted pyrrole), poly(3-
substituted pyrrole), and poly(3,4-disubstituted pyrrole); polythiophenes such as
polythiophene, poly(3-substituted thiophene), poly(3,4-disubstituted thiophene),
and polybenzothiophene; polyisothianaphthenes such as polyisothianaphthene;
polythienylenevinylenes such as polythienylenevinylene; poly(p-
phenylenevinylenes) such as poly(p-phenylenevinylene); polyanilines such as
polyaniline, poly(N-substituted aniline), poly(3-substituted aniline), and poly(2,3-
substituted aniline); polyacetylnenes such as polyacetylene; polydiacetylens such
as polydiacetylene; polyazulenes such as polyazulene; polypyrenes such as
polypyrene; polycarbazoles such as polycarbazole and poly(N-substituted

carbazole), polyselenophenes such as polyselenophene; polyfurans such as
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representative enbodi nents, stable for periods of up to one year or |onger,
such as up to two years or longer, including up to five years or |onger. As
t he subj ewD 20@ld437ds are conposites of metals and conduetirng2@scloysves s, t hey
i nclude both a netal conponent and a conducting pol ymer conponent. The

metal conmponent o f the subject colloids is, in representative enbodi nents,

a nobl b d b

2, 00! Bofeh ey o0 VEEAE ARG PR PefEL A 86 poigpényagpe, but
not |i pblytidies spd:kahmpmlymldbleilpMypwmalzadaswummls pblypyiida=ings wel | as gol d,
silver etc. The term"co ctive nmeans an electrically conductive

pol yrrePPB/aﬁﬁ'ﬂ%‘F SHFh aghnaRigsene ‘F C%%cﬂﬁ’ﬁ?ﬁf‘? heRiRGERE ve pol ymers are

or gani I C [ | e,
et oy SRZABBRRchE foah e A BB R L e et Lt ed

pyrr ol p)arquemé )c(cﬁenemdasﬂ'eryieml, Qualend a;uotarrycter}ﬁolaﬁda;lmttﬂﬂ%rﬁbgawm,ed

pyrrole);. po I O hen s ,such.as pol yt.hi o ol ted

t hi ophgﬁﬂygt“’r%l GHQ’Q bq.h?@ﬂdf?ﬁ ryH ngqsﬁ rﬁ%, %%ﬁ‘%ﬁ%z@ﬂtﬁoghene;
pol yi sgiHap WHI&}?QF‘é p?éﬁﬁ're%sbypgwétﬁgﬁ s@ﬁ@p&ftdé@lﬂ@n atoms of polyacens
polythlenyle evi nyl enes such as pol yt hi enyl enevi nyl ene;

pol K( pm@rqitbmse?UQM$ﬁ\é,s$ e R, P n@(lpn@lr@ﬁypéﬁéblaﬁﬂ eAEyONY@roHRI | i nes
such as pol yanilin t
a1 nepbsTE Sistrer B e BAgBley. BFPRRyehBSNIBRA S oheesuch as

pol yac gbw\/ﬁfmné&ilﬂdé a0f paHRtasintdressinnebiaticative enbodipabptizateenes such
as pol yazul ene; pyrenes such as pol ypyrene; polycarbazol es such as

po: yca:pl@h@drr@birnpl)ﬁélwm@@@'Y@@H%Obmﬁ%}‘@“veﬁo nieeresepidMes such as
polyse g*ﬁbenyl %ﬂgs) &&gﬁ@? IﬁSQQN t@ﬁBBfu}S @E&‘fﬂlﬁ:‘?ﬂpﬁ% %Ff‘qﬂcé@r@é‘in of

pol y(p- I enyl ene) es such as

pol yi neleds erlhbbylmyémuiﬂzhemteueblm pomcytmtmgqm‘ymer ipakybstidedsuch as
napht hacene, pentacene hexacene, enzoRenta

t er t abOFIVPE FORAUFING BANIAET, W BGrﬁﬂ?ﬂﬁ‘ér C%’ﬁP%@‘?ﬁ@ '%’Fﬁ%é%gro%%nene
(11 ohenay By Rz b B e o o Y i ch are
pr epar edphylesoftesriving i angekspostiod omega’tnveacbameoforpmkya@éwps Of interest

include, but are not limited to: carboxyl groups, amino groups, etc. In certain

embodiments, the water-soluble conducting polymer is a substituted polyaniline,

such as a poly aniline substituted with ionizable groups, e.g., carboxyl groups,

such as poly(aniline-2-carboxylic acid).

In the subject colloids, metal particles are surface coated with a
conducting polymer and suspended in a liquid medium, typically an aqueous
medium. By "surface coated" is meant that at least a portion of the surface of the
particles, if notthe entire surface of the particles, is covered with a layer of
conducting polymer molecules. In representative embodiments, the layer or
coating of conducting polymer is a monolayer, such that a single layer of polymer

molecules covers the surface of the particles.

The dimensions. of the particles may vary, but in representative
embodiments range from about 1 nm to about 1 micrometer, such as from about
1 nm to about 100 nm ,including from about 30 nm to about 60nm. In
representative embodiments, the particles have a narrow particle size
distribution. By narrow particle size distribution is meant that the standard

deviation of the particles does not exceed about 30%, and in certain

13



with atonms such as N, S, and O or a functional group such as a carbonyl
group; polyners such as pol yvi nyl carbazol es, pol yphenyl enesul fi de, and
pol yvi nylwoeaseddsrzte. OF particul ar interest in representatrivseosnbsndd mrent s
are pol ypyrrol e, polythiophene, polyaniline or their derivatives. In
representative enbodi nents, the polynmer is a water-sol uble conducting

T L e e T

pol yme _ ed "organrc con ere the pol yner
conpr i gwsit A7 % dnclealihg doesumt@xcged @bout BY% ofthezblezage alipmetemeant a
noiety that, at an appropriate pHis capable of carrying a net positive or

negative chajfifaGespeat ItHeepaiyaerTopipdrsntiof e sulsieoticomipasites ctheot |1 mi t ed
to: carboxyl groups, amno groups, etc. | n certain epbodinents, the
wat er -RAYIBI 60BWRBETtiNaS o PYyaEgE Molecularweight @ngiRg T @oRst such as a

ool y A 1 th Loni _ , h
be. bol | PORDE ReBBur 34, 80Dk, Sucs 3 #eth SpRLPRRODR & ahqidl FpboDAY, pups. sue
Ioart | gh@l@gmgerrér?rémca’f ?@,ﬁoemaﬂdéb@taigmﬁma.n'&@pbmr compoaspéisded in a

I qui d nmedi um Lca an.a [ By.. " f "o
et dunheBShaERCIsH Fo Y SEVITES AT S SRR SUt Beat ST FRH ARG ot § ¢ o

surf acgs Alinef RAAHEL A1y bEIALYBE6G 74 hlimbel  8F 1 o GIgRRBCHIONSRES Y e

esent at’l ve enbodi nents, the |ayer or coating of
conducadstgbed ty ther siusfaaeradibé paeticles hake aavlegularivegieht Hyadris @t lgasty rer

nmol ecul es coyers the syrface of e particles. The di nensi

part i @@Jt%ﬁvﬁ’ﬁ%‘, aﬁlﬁL{ I‘??F‘tr@pﬂ%ygr(f’ é’? i%a\é%gai'ﬂ%lﬁggg?a\%@wP@ﬁ?éagﬁut 1 nm
to abotind rHbREQIRR! Shsoddtitodhs dura@eabout 1 nmto about 100 nm.incl uding
from about 30 nmto about 60nm In representative enbodi nents, the

particl es haye, aNakHAWaBBIS EAred At idikivi Sike dRrIGUGGRAT Licl e si ze
I'S A @rd @

di stribution nmeant at the stan viation of the particles does not
exceednaboutsiRDispensity, the eollaidsrarprieseogenduscoreuiitadimwsthsrespest toot  exceed
not .exceed about 17% including does not exceed about

about 20% e.g., doe
10% ofth@r@'WgFﬁB@gﬁ‘iQﬁﬁtﬂc‘é‘?s. r?ﬂﬁr espect to the pol ymer conponent of the
subj ect conjFosi tes, the . . .
he density of the the colloids may vary, but in representative
embodiments ranges is at least about 1.01, such as at least about 1.05, and may
be as high as 1.30 or higher, where the density may range from about 1.07 to
about 1.10, such as from about 1.085 to about 1.095, as compared to the density

of water at 20°C.

The concentration of particles in the liquid medium in the subject colloids
may vary, but ranges in certain embodiments from about 1x10" to about 1x10'
particles/ml, such as from about 1x10"" to about 5x10"" particles/ml, including

from about 2x10™" to about 3.75x10"'particles per ml.

In certain embodiments, the metal and conductive polymer components
are matched with respect to an optical parameter, such as absorbance. In
representative embodiments, the metal and conductive polymer components are
ones that, when measured separately using the protocol described below in the
experimental section below, have an absorbance maximum that differs by less
than about 50 nm, such as by less than about 40 nm, including by less than
about 25 nm. The "common" absorbance maximum (i.e., the average of the two
individual absorbance maxima) may vary, ranging from about 1 to about 10, such
as from about 3 to about 4. Representative matched metal/conductive polymer
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pol ymer conponent has an average nol ecul ar wei ght ranging from about
1,500Da to about 32,000Da, such as from about 5,000Da to about 7,000Da,

i ncl udi ngwbroeeweamsyut 23, 000Da to about 27,000Da. The polpymarS2@smppent i s
further characterized by having a narrow size dispersity, such that at

| east about 45 nunber % particularly at |east about 25 nunber % of the

poly . i i ave a nol ecul ar
el ot PR PEISrRRRGI0EE, bt &t U IAREI bl BB ST A% of *t e

aver aggoltiplobrahitinewiginboxylict awd pisilvepalpghiopheoetsarkimatio@gid)o ande
surfact?]. i‘%%cause o f the above features regarding narrow size distribution
and naPedesi ze di spersity, the colloids are honbgenous or uniformwth

respect to the polymer-coated particles thereqf. The density, of the the
col | oi ds malp n” gmpodimentsy he-prmppsite @?r'{% iIPEIS S%ﬂ?&@‘gﬁos at | east

about . - : , A s 1.30 or

hi gherc}lha eerselﬁ? %Qaggﬁgﬁ?éjy&né@t@ﬁgﬁd h‘%ﬁ%@ggsqm?‘é@@f) %ﬁtzla gg? r?. 10, such as
from ahmpenticdds ¢omatznet td 208trasotioidithatid made up afemstalypastiokesarotat 20C.
The concentratitgn of Earti cles in the |iquid. mediumin t{:e subj ecl ol | oi ds
may vabaAEB rth BRgeeniictive: RalymebrBY ArERATSI e ARt t 2L ERhaPout Mout
1X10.15foﬂiaﬁ1fﬁr8|s%ﬁé{ﬂv§,%% RSaf [E98 S 0b¥bIdPhoke s@nsifid, ifolddidg &t
particles/m, includi'ng fromabout 2x10 1 1 to about 3.75x10 1lparticles
per m leathnabeutt ‘00 Ocfolbriore isensitivee comparechida contrak @isydetgsmjmed Ust@ponent s

are matched with respect t . opt.J cal , h b b )

repr etshﬁtaﬁsi;{éeg?rﬂ&ﬁ)'ﬁéd?séxﬁaqqgg%%t%gseﬁﬁ%{%géﬁ{:t i \igcpoﬁirr:r Sg(r)rrg(r)ur:lgnt Isnar e
ones at , en neas ) tely usi th . | d i bed,.b '
Phe” expor | MNEATAIBCNPEHIBEN W RYEICRT JBRBY GhIRANE & Omifiel FESAbor s by
less t iﬁasgg%‘ﬁtar%yggmaf ﬁ%&%ﬁt,@tl@fgb@@tﬁ: thé‘iy,a@l%thﬁQélmisuﬂfééé.@} ng by

| ess t han .out comon” absor bante maxi num .e., the average
of t hedisplayiisdheardutiat divs Ggaach issinmebitiagd waytheaurfaceaitjinegoantisle, about 1 t o

about 1 h
} w éreSH\% ligand may be covalently or non-covalently bound to the surface of the

particle. The density of ligand on the particle surface may vary, but may range
from about 2 to about 50, such as from about 5 to about 25 molecules per

particle.

As indicated above, a variety of different types of ligands may be displayed
on the surface of the particles of the colloids. In certain embodiments, the
particular ligand that is present depends on the nature of the analyte that is to be
bound by the ligand in a given application, such as the analyte detection
applications discussed below. Representative ligands of interest include, but are

not limited the ligands discussed above, such as nucleic acids, peptides, etc.

The pH of the colloid may vary, and in representative embodiments ranges
from about 2 to about 12, such as from about 4.5 to about 9.0. The colloids may
include a number of different additional components apart from the polymer
coated metal particles, where additional components of interest include, but are

not limited to: salts, buffering agents, detergents, stabilizers, and the like.

In certain representative embodiments, the colloid is substantially free of
non-adsorbed polymer, i.e., the liquid component of the colloid has little, if any,

free polymer present therein. As such, the concentration of free polymer in

15



as fromabout 3t o about 4 . Representative matched netal /conductive
pol ynerpairings of interest include, but are not limted to:

gol d/ pol ywoizbeemass7ie. g. , gol d/ pol y(aniline-2-carboxyl i cpaeiu$po5/038099
sil ver/ pol y(thi ophene-3-carboxylic acid); and the like. In certain
enbodi nents, the conposite coIIoid IS nore sensitive to changes in
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sensitive, including at |east about 1,000 fold nore sensitive, conpared to
a control, as determ ned using the assay reported in the Experinmental

Sect | %ET'%&)@BF #RB;%@{A’?@N” enbodi nents, the. particles display a |igand,
specifically binds to an anal yte of interest, a therapeutic
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be disp ace o articles of the colloids. In certain
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l'i gandgyghtidiit erest include, but are not limted the Iigands discussed
above, such as nucleic acids, peptides, etc. The pHo f the colloid may

vary, and 'I'Pn e%%ﬂf%%‘é’rﬁ SHH?é’th‘Eé‘h tVBIARE of BRI BlIof [0 about 12,

such as from to a . 0. e colloids may include a nunber of
di ff ermhbmédlwltdnrmbecmdmohma oﬁpesuoiut[qncnﬁthaevqiet-ymémblemweﬁefm

R e AL RO
embodiments ranges from about 100 to about 1, such as from about 50 to about
20, including from about 10 to about 5. In certain embodiments, the colloid and
solution polymer are combined by introducing the volume of colioid into the
polymer solution. In other embodiments, the colloid and solution polymer are
combined by introducing the volume of polymer solution into the colloid. In certain
embodime nts, combination of the volumes occurs with agitation, e.g., by stirring
one of the fluids while the other is added to it, by combining the volumes while

moving, e.g., shaking, the container in which they are combined, etc.

The metal colloid that is combined with the water-soluble polymer is, in
representative embodiments, a metal colloid of a noble metal suspended in an
aqueous liquid medium. In representative embodiments, the colloid is uniform
with respect to the nature of the metal particles, where the particles have an
average diameter ranging from about 2 nm to about 1 ym, such as from about 3
nm to about 60 nm, including from about 5 nm to about 30 Nm and a narrow size
distribution, as described above. In representative embodiments, the density of
the particies in the medium ranges from about 1.01 to about 1.30, such as from
about 1.02 to about 1.10. In certain embodiments, the pH of the colloid is chosen

to ensure that the metal particles of the colioid have a negatively charged
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In certain representative enbodi ments, the colloid is substantially free of
non-adsor bed polynmer, i.e., the |liquid conponent of the colloid has little,
i f any, fweeomnlsysver present therein. As such, the concectnateosnssbo free

pol ymer insolution in the liquid nmediumof the colloid, if present at all,
does not exceed about 5% and nore particularly does not exceed about 1% of

the quaptity % TH@P%! ARR T, ' ' K&t be
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col | o!ﬂto)ébcbhem,n_sam aerfrom apout dtodbsat Sbed above. In a representative
enbodi ment, an initial or precursor netal colloid and a watersol uble

conduct i ve PRkYWEeraofusiepaiyiagr vsitiflore RSN pégresentativenembedimsentsi ai ent f or
t he wat er-sol ubl e conductive polynmer to adsorb tqQ the surface articles

of thesateticn of@ watel sehble wongbgling BalvEert Aie dSPEREE 2RS¥ 8&'& loid of
the 1 nbhPPario of SAUERST fld K816ERA frén'dbSkt 0. QR BRRuta et &

a secong vol u off a solution of the water-sol uble

pol YFTEZgMU(Dﬁ')I[ aucl a@ffrdrheabdmlt 0rstoodbaudld. 5g/d 00ml piotcluding fodratabont @ed vary,
but in certain enbodi nents ranges from about 19%}%0 bout 1, such as from

about taboytaBSa! 10l iThe anarA eMYaeUBbWeIals o YMET ranges, 1 5
embodi lﬁﬁpés%nttal?ﬁreféglh Béliiﬂq%ﬂg,h@%gefﬂdm 1J0R Yo 8h8ut 8P oTIh, udhag oduci ng

the voltine of co ymer 'sol ution. In other enbodinents, the
CO: | Olmbmralbeall 50000 zptol 3vart 730@0Dandnichbas la narrow Size dispgrsity wigreat of

pol ymer solutiopn_jnto the collojd. | rtai n _enbodi t I nat i f
DS ou o Bkl i b o 7558 o I pB RSl TRy P Pt on ©
whi e éﬂﬁ‘t‘i(c% hedvd 8 ndsldediat Hdidht thit STt Hbouh90\e) atvdst D% EsuEy Bsg,
e.g., shaking, the container Tn which they are conb ined, etc. The metal
col | oi at lehsit 95socahhit 1OF %niof the Aeerage enolseuias Weight. ymseriadn i n

representative odi t a_.ret 0 | £ a I ded in
an aqu%'@h_gmrin&@?%th?eaﬁetﬂiltﬁ? Hvartgfi?@gg%t éélgb‘%rg%@gﬁn%nﬁ t ﬁeo co ﬁ@‘?d is
oo | P e pttmiasidg oatiey dlrbbe mhbs el s
such arepressmtaliveerpbodiments from about 2?0 a%out 7,such as fronqrgbo%t% t%Ut m

about 5.

In certain embodiments, the volumes of the metal colloid and water soluble
polymer solution, as well as parameters thereof (e.g., density, pH, concentration,
etc.) that are combined in this step of the subject invention are ones that have
been predetermined to result in the production the product composite colloid that
is stable and substantially free of solution phase polymer, where by "substantially
free is meant that the concentration of solution phase polymer is less than about
5%, such as less than about 1%. A feature of these embodiments is that this
product colloid is produced without any washing or other step that removes
solution phase polymer from the colloid. The appropriate volumes and
parameters thereof for practicing these embodiments of the subject methods may
be dete rmined using the protocols discussed in the experimental section, below.

In combining the metal colloid and the water-soluble polymer, the two
components are combined into a reaction mixture, and the resultant reaction
mixture maintained for a period of time sufficient for the desired colloid to be
produced. Generally, the reaction mixture is maintained at a temperature ranging
from about 15°C to about 30°C , e.g., from about 18°C to about 22°C , for a
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nmto about 60 nm including fromabout 5 nmto about 30 n mand a narrow
size distribution, as described above. In representative enbodi nents, the
density oWotbh&/q@as7ii cl es in the nmedi umranges from abourcinBiomsozmbout

1. 30, such as fromabout 1.02 to about 1.10. In certain enbodi nents, the pH
of the colloid is chosen to ensure that the netal particles of the colloid
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concentration of solution phase polyner is |ess than about 5% such as |ess
than about 1% A feature of these enbodinents is that this product colloid

S prol(jI_HI(ﬁg W t hout any washing or other step that renoves

The subject colloids, as described above, may be employed in a variety of
different applications. For example, the subject colloids may be used to screen a
sample for the presence or absence of one or more target analytes in the sample.
As such, the invention provides methods of detecting th e presence of one or

more target analytes in a sample.

In such applications, a volume of colloid, e.g., one that includes a ligand
specific for the analyte, is contacted with the sample to be screened, and an
optical parameter of the colloid is monitored to detect a change therein, e.g., a
change in absorption of the colloid at a given wavelength. Any convenient optical
parameter may be assessed or monitored in this step, vwhere representative
parameters include, but are not limited to: absorption, scattering, fluorescence,
luminescence and the like. The optical parameter may bbe monitored using any
convenient device énd protocol, where suitable protocols are well known to those
in the art and representative protocols are described in greater detail in the
experimental section, below. The presence or absence of a change in the optical
parameter is then used to make a determination of whether or not the analyte of

interest is present in the sample.
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sol ution phase polynmer fromthe colloid. The appropriate vol unes and
paraneters thereof for practicing these enbodi nents of the subject nethods
may be dewermenad7usi ng the protocols discussed in the expars2evsnssbg
section, below. | n conmbining the netal colloid and the water-sol uble

pol ynmer, the two conponents are conbined into a reaction m xture, and the
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ligand to e particlle, e.g., either to the metal conponent directly or to

t he pabswiutepesttite method isrd mathed of detestingitwaor eqge different tagget on with a

functional . grou resent .qn t y he, .| | e : a nunber
of di f?’?ﬁ?' w%&%r@em'%&va- Z@,S‘@ﬁé F?&'-&ql %%A@W@P%pﬁ %%é,yg‘?tg%ni ¢ and

| Nr ogadHrftexiBf uartifiig &3arget analyésisy ibiva euer lelearerefésto assalateaat tabove,
where desired the reaction m xture may be agitated. UTILI \6 The subj ect

col : oi létative quentification. Ahselite srpniication Ba¥ e ﬁcaoml'ﬁé?; ¥ fiNEH$IC8r ent

appl icat r | ect i : een a
sanpl egf}'gﬁ)g@ne‘:%&rcgg’ﬁ%ggh@ °§§§8§*32"‘ 0 %ﬁg}dégﬁb@?%%g%QﬁS @g?i n the
sanpl edet&sctsditduel diehé targat analyter with thes knewh odsntod! atetlgtesi(eq. t theoyghesence

of one or nore target analytes in a sanple. I. n such._applicati , I

o oo usharSton s SncBRaCLG DBl et Rl o BB AL b o) 4

cont act & WiiBh i By TMb&riddh SedsietrRaNadels Yiadunts between two or more
different target analytes to provide a relative quantification of each of the two or

more different analytes, e.g., relative to each other.

The subject methods can be employed to detect the presence of one or
more target analytes in a variety of different types of samples, including complex
samples having large amounts of non-target entities, where the subject methods
provide for detection of the target analytes(s) with high sensitivity. As such, the
subject methods are highly sensitive methods of detecting one or more target
analytes in a simple or complex sample. The sample that is assayed in the
subject methods is, in certain embodiments, from a physiological source. The
physiological source may be eukaryotic or prokaryotic, with physiological sources
of interest including sources derived from single celled organisms such as
bacteria and yeast and multicellular organisms, including plants and animals,
particularly mammals, where the physiological sources from multicellular
organisms may be derived from particular organs or tissues of the multicellular
organism, or from isolated cells or subcellular/extracellular fractions derived

therefrom.

The methods of the present invention may be used to detect a wide variety

of analytes. Analytes of interest may be present as liquids, solids or gases (eg.,
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optical paraneter of the colloid is nonitored to detect a change therein,
e.g., a change in absorption of the colloid at a given wavel ength. Any
conveni enwoapid/aad7ipar anet er may be assessed or nonit or edTiUus208/038084 ep,
where representative paraneters include, but are not limted to:
absorption, scattering, fluorescence, |um nescence and the |ike. The
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det ectdeqn LPnuhI0Rr dr§8nkA 8epordibalthiérdfanti@s€likei N t he sanpl e being
assayed, i.e., an eval uation or assessnent of the actual anobunt of the

target anal yj §d8i‘ﬁohhﬁxesé’u’@é@er%t)%%afﬁ%)é% b&Lsedrtd seradifgent s, the

quantitative defection ma absolute or, If the method is a nethod of
det ectdompbundsthattmeddiaté thesimteraatior of argivgm epecificabinding membsraaive. As

¢ ar geil andeyt Araguiping meld b e HeePETng fo e bTIPLAE) Bl FeRbingy " °
quant ithECidtdraBtioABeRNEE R tBIAT idiéaliEon FEREXBenFIECARré Shedolividi ncl usi on of

known concentration(s) of one or nore control anal ytes and referencing the
det ectdigplayee fitst membenefatbindiag pai and thererllqid dsvsoptanted withriBeyt es (e. g.,

t hrough_generation .of r ) LV |

quant I BRbes Bang RbEBT Aathy s b EE b ikt o ictaifdrte
amountzy &6t He e ieraetionwTehdl birdngnierhlbegsdiracahydecevalaatedui de a rel ative
quantification of each of the two or nore different analytes, e.g.,

rel at ia&sessesach ot her. The subject methods can be enployed to detect the

presence of one or nore target analytes in a variety of different types o f
sanpl es, i né& vatiaty of diffarent candidate agents may be screened by the above

methods. Candidate agents encompass numerous chemical classes, though
typically they are organic molecules, preferably small organic compounds having
a molecular weight of more than 50 and less than about 2,500 daltons.
Candidate agents comprise functional groups necessary for structural interaction
with proteins, particularly hydrogen bonding, and typically include at least an
amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of the
functional chemical groups. The candidate agents often comprise cyclical carbon
or heterocyclic structures and/or aromatic or polyaromatic structures substituted
with one or more of the above functional groups. Candidate agents are also
found among biomolecules including peptides, saccharides, fatty acids, steroids,

purines, pyrimidines, derivatives, structural analogs or combinations thereof.

Candidate agents are obtained from a wide variety of sources including
libraries of synthetic or natural compounds. For example, numerous means are
available for random and directed synthesis of a wide variety of organic
compounds and biomolecules, including expression of randomized
oligonucleotides and oligopeptides. Alternatively, libraries of natural compounds

in the form of bacterial, fungal, plant and animal extracts are available or readily
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sanpl es having | arge anmounts of non-target entities, where the subject
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der i vewhadifisationsnsudthas meylatios, alkylationpesteyificationeamidificatign iete tased to
det ect a de vari é Loanal ytes. Analytes of interest may be present as
|'i qui d3r° e‘l%g"ct;‘r"aé) 030%eg organophosphat es etc.). Analytes of interest
can beaprotelnamogs rmlecules such. a Ft Iirritedtq
pr ot ei naci ofgeRtmidpnbiediin te,aPeNE ﬁ‘éﬁ?@f‘ﬂ@s a&ﬁﬁﬁ) IBH srdn ATk Ghent s
ther eqhetASddShEIuB MeRityPBinBl IRking thE MARRY G hé Yarget ahalRglarices, wher e
the anal ytes 'may be ™a single nolecule, a conplex that i'ncludés two or nore
nmol ecutanditiohsinelated tahihehpneagnce andforractivity tberegifent | y bound to each ot her,

a mcroorganism e.g., virus or single celled pathogen, a cell, a

nul ti cel | ul Addeticgean applicationer ¢fithe subjﬂroeobllowsdint:hﬂiel thieeapeuticaddi ti on, the
subj ect nethods may al so be used t n for compounds that nodul ate the
i nt er 2RPPHFRtONSaed.vah dsyRaetVIY ye !fl n%’é?mB% ?’?ﬁ%p‘? CrR9F8ul at i ng

I ncl udeg lb%t(]tn\/\g%g%ﬁecu Qu(‘fﬁ 8 of the hQﬁb&Hlb"@ aﬁ‘fbdaﬁ'élﬁéeﬁ‘llé‘gn{diﬁt bhteraction

betmeen or exanpl e, where the colloid displays a first
menberthe colldid tlakatrig rpade uprul thé aanopadictes adrmlrmsts&ﬂaddo\a subjeeictoderaind

ngent e paerhVEREE fenlresh remePaftiies SRS 5l aiv BELAbe! BPARR a or
assessgdlinclude a targeting moiety, e.g., to direct the nanoparticles to a desired

location.

KIiTS & SYSTEMS

As summarized above, also provided are kits and systems for use in
practicing the subject methods. The kits and systems at least include the subject
colloids or components thereof, as described above. The kits and systems may
also include a number of optional components that find use in the subject

methods. Optional components of interest include buffers, and the like.

In certain embodiments of the subject kits, the kits will further include
instructions for practicing the subject methods or means for obtaining the same
(e.g., a website URL directing the user to a webpage which provides the
instructions), where these instructions are typically printed on a substrate, which
substrate may be one or more of: a package insert, the packaging, reagent
containers and the like. In the subject kits, the one or more components are

present in the same or different containers, as may be convenient or desirable.

The following examples are offered by way of illustration and not by way of

limitation.
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A variety of different candi date agents may b e screened by the above
nmet hods. Candi date agents enconpass nunerous chem cal classes, though

t ypi cal | ywoheys/mrzi1or gani ¢ nol ecul es, preferably small ecgasce@sossmpounds
havi ng a nol ecul ar wei ght of nore than 50 and | ess than about 2,500

dal tons. Candi date agents conprise functional groups necessary for

structural interaction with prﬁm@t@;ul arly hydrogen bondi ng, and
typically include at |east an n | , hydroxyl or carboxyl group,
preferably at |east two of the functional chem cal groups, The candjdate
agents of t el heofgllavgeg cgesartogs aaPERsessr [Plette oRipdUCEost P POHRRIBRY/ o
aronat | mg?_ Wa kL L : t he
above #: §lrllé§{j?§§éél?ﬁgr outﬁéﬁc"%ﬁ%ﬂ%g{"gﬁ%@éﬁé E{g;été&g[%ﬂdé If?: ggﬁtg%ér@ng?ﬁghgl ecul es
i ncl udiigeneidyndiessizedcchari des, fatty acids, steroids, purines,

pyri m di nes, derivatives, structural anal ogs or conbi nations thereof.
Candi dpt e ag@¥NFHESESObt ai ned froma wi de variety of sources including
libraries of synthetic or natural conmpounds. For exanple, numerous neans
are avai | ahhiRebRI of \AERELRBE Hbk/Bsifse-SVdth Xy fic akid (PAN-GOOHL Y of

or gani ¢ cOl I onol ecul' es, i ncludl ng expression of randoni zed

ol i gonucl eotd, de al 1 | - | yimld ' Lur al
compounds i rEre PR SRR I Befizifly 168 IR RtoK i Ao o A e e
avai | alrtba @hlorishdi arypr theu cdstailedtidptdomdatée y hasatheenl descripedhatredialisly

Cher CGrOIBRYTIGa P U Sh fint aifr-selils candUpdye v ybes Reodece
combi NghRlUnBasshb’ SOPHIAKNAVAONBRTIFRANOELEAY) ciRiie BRYalBniohected to

di rect or ran chem cal nodifications, such as acylation, alkylation,
est er i finoatiainMedhods D861 19h, 189-d70; Engleldienses . u¥\eilaad, MhaPwriibesisgent s

identified jn the above screeni assays. fin se | 'l f t hods,
e el Sl 2L by e e BRR oyl BUP it Wb 2P S
condi t b?BﬁcétﬂJrﬁt@Id théirt BRoRIChERTIEE PrepartierctinyiHomedenenis dbapdtitiveal
applications of the subject colloids include therapeutic applications,
e.g., HpmMunegsgays.vehenychorimy., f9P6e8ApI-8653 Enstehienne.cPadadicator
reagents for the detection or dosage of an analyte, kits containing them and
detection or dosage procedures. Eur. Pat. 0623 822, 1994). Poly(thiophenes)

can also be obtained by the same procedure, but the oxidation uses ammonium

peroxydisulfate in addition to the iron chloride. At the end of the synthesis, the
pH is raised up to 12 with NaOH pellets in order to precipitate the iron chloride as
the hydroxyde and to decompose the peroxydisulfate. Iron hydroxyde is removed
by filtration and the polymer solution is used as such. In the present example,
the synthetic yield was improved by two means: improved solubilization of the
monomer in dimethylformamide:water (1:10) and polymerization under stirring

using heat and reflux.

As the gel permeation (GP) chromatographic profile shown in Fig. 1
indicates, the solutions of the polymeric poly(thiophene-3-carboxylic acid) and of
PANI-COOH are quite homogeneous with major peaks at a size of approx.
18,000 (20.5 min.) and 6,000 daltons (24 min.), respectively and minor peaks
with a size of approx. 25,000 (19 min.) and 15,000 daltons (21 min.), respectively.
Such sizes correspond to oligomers made of 45 and 110 repeats for PANI-
COOH, respectively. Please note that these values are not absolute values
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can be di splayed on a surface of the nanoparticles, and an effective anount
of the colloid that is nade up of the nanoparticles admnistered to a

subj ect twotw&at47i7he subj ect. Where desired, nanoparti clres/ustossissogo! | oi d
may be further nodified t o include a targeting noiety, e.g., to direct the
nanoparticles to a desired location. KITS & SYSTEM5S As summari zed above,

al so provided, ar e kj n : | t |

et hodtecaHTe e iRl oo oMo itE Gl REheREad B8 RIPreR |
conporgatfottritieehrilyagolsidacin stebeabove. The kits and systens may al so
I ncl ude a nunber of optional conponents that find use in the subject

et hodShrdrRhiographi€ @BREMBAsS of interest include buffers, and the like. In
certain enmbodinents of the subject kits, the kits will further include

i nstrugbi ensol, :qeraK:Q'PJ g thexsotdh@ct methods o r neans for obtaining the
(e.g., a wenb5| te

sane di'recting the user to a webpage which provides

the instr.uct t I nstructions are typically printed on a
subst ;E\Il“ '°”ﬁ§@?ﬂ%§$§?§ﬁ?be one or nore of: a package insert, the

packaging, reagent .containers and the like. In the subject kits, the one or
nor e g%lﬁg’oﬁ?é ‘g‘“gmén'present in the sane or different cJont ai ners, as may be
conveni ent or desirable. The follow ng exanples are offered by way of
|dI I ustlg‘ﬁqﬂ@ﬁ- §9d-”notfby way of |imtation. EXPERI MENTAL The fol | ow ng
escribes a process for the production of poly(aniline)- colloidal gold

nanopalPetesties: &nR. 2ehaM.-bHdIpt o- el ect roP\i cy((:har act ezi zation of t%e
material synthesized. |. SYNTHESIS A Synthesis of water-soluble
pol v( aRapenspeed:arbmiyin ¢ aci d) (PANI - COOHV The synthesis consists in
oxi di zing the nononer in aqueous solution with iron chloride and the
det ai | Bd Synmkesigof chiisidbbguld demopiabiilesr evi ousl y ( Engl ebi enne, P., Wil and,
M Wat er-sol ubl e conducti ve pol ynmer honobgeneous

The nanoparticles are obtained by reduction of a boiling hydrogen

tetrachloroaurate solution by sodium citrate. The process is well-known and is
described in the following publication (Englebienne, P., Van Hoonacker, A.,
Verhas, M. High throughput screening using the surface plasmon resonance
effect of colloidal gold. Analyst, 2001, 126, 1645-1651). Detailed procedures are
provided in the book referenced to above to obtain nanoparticles of various sizes.
The nanoparticles used in the present report have an approximate diameter of 50

nm and are homeodisperse.

C. Synthesis of composite poly(aniline-2-carboxylate)-colloidal gold

nanoparticles.

Colloidal noble metal nanoparticles are negatively charged over a wide
range of pH. Procedures designed for coating such nanoparticles with proteins
take advantage of this property. The nanoparticles are mixed with the protein at
a pH below the protein pl and the protein adsorbs on the particle surface by
charge interaction. Such protein-coated particles are stable and do not flocculate
in the presence of high salt concentrations. Common procedures involve the
addition of proteins in excess to the gold so as to avoid the formation of bridges
between individual nanoparticles, made by protein molecules. After protein
adsorption, the nanoparticles are centrifuged and washed so as to remove the
excess protein. The colloid is then resuspended in a suitable buffer. During the

23



| rmunoassay (SOPHI A), a novel immunoassay capable of automation. J.
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In the present case, we reasoned that a water-soluble conductive polymer
substituted by ionizable groups along the backbone could behave exactly in the
same way. For PANI-COOH for instance, we considered that at low pH, all the
carboxylic groups would be protonated and would therefore be capable of coating
colloidal gold nanoparticles by charge adsorption, producing stable colloidal
composites. In order to test the hypothesis, we first examined the effect of the
pH to the possible capacity of PANI-COOH to stabilize colloidal gold

nanoparticles.

The protocol used was as follows. To a series of plastic tubes containing
0.01ml of the PANI-COOH solution, 1ml of the colloidal gold solution was rapidly
injected with a positive displacement pipette and the tube immediately vortex-
mixed. The colloidal gold solution added to each independent tube was adjusted
to various pH values uéing either 10mM sodium carbonate or 300mM HCI
solutions, respectively. Then, 0.5 ml of a 1M solution of sodium chloride was
added to each tube which was further vortex mixed, so as to flocculate the
particles that were not stabilized. UV-vis. spectra were recorded for each
solution. The peak wavelength and absorbancy at the maximal (SPR) wavelength

were recorded and plotted versus pH. The results are shown in the Fig. 2.
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charge adsorption, although above the second pKa value, the repulsion due to
negative charges of both gold and PANI-COOH allows the salt added to bridge

and flocculate the particles.

Once the optimal pH for stabilizing the particles determined, it was
necessary to determine the minirmal PANI-COOH concentration required for
stabilizing the particles. For this optimization, the following protocol was used.
Increasing volumes of the PANI-C OOH solution (from 0.001 up to 0.1ml) were
added to individual plastic tubes. The volume was adjusted to 0.1 ml in each
tube by the addition of appropriate volumes of distilled water. After miximg, 1 ml
of colloidal gold solution of which the pH was adjusted to 2.38 using HCI 300mM,
was rapidly injected in each individual tube using a positive displacement pipette
and each tube was immediately vortex mixed. Then, 0.5 ml of a 1M solution of
sodium chloride was added to each tube which was further vortex mixed, so as to
flocculate the particles that were not stabilized. UV-vis. spectra were recorded for
each solution. The maximal wavelength of absorbance was recorded, along with
the optical density (O.D.) at 750nm which is representative of the flocculation of
the colloid. Results are displayed in the graph of (Fig. 3.). The maximal
wavelengths of absorption of the gold and PANI-COOH solutions are respectively

shown by down and up open triangles on the Fig.
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0.5 mM of a 1M solution of sodiumchloride was added to each tube which was
f ur t headded 06R.GA-R& Mo as to floccul ate the particles that were not
stabilized. UV-vis. spectra were recorded for each solution. The peak

wavel engt h 3vith dbese lepticyization iWataain mand; $he) piasedlenyras werledrytdPded and
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diluted with 8.5 ml distilled water in a beaker containing a magnetic stirrer bar. In

a separate vessel, 100 ml of colloidal gold solution synthesized as described

above was adjusted under magnetic stirring to pH 2.94 using HCI 300 mM. The

PANI-COOH solution was placed on the magnetic stirrer and was mixed at the

highest speed. The pH-adjusted gold solution was then added rapidly to the

PANI-COOH solution. After mixing, the pH of the mixture was 4.67. The

composite sol was further stabilized by the addition of 0.5% Tween 20. The

batch was then divided into two equal parts, the first one being buffered with

50mM sodium acetate at pH 4.95, the other one being buffered with 50 mM

sodium borate at pH 9. It is important to note that reversing the order of reagent

mixing in the procedure works also.

1. PHYSICO-CHEMICAL CHARACTERIZATION OF THE MATERIAL

A. Preliminary note.

Our interest in preparing a composite material made of a conducting
polymer and colloidal nanoparticles of noble metal was primarily directed to the
possible modifications in the opto—electronic properties of both materials taken

individually. The sensitivity of these materials to various changes in their physical

26
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taken after synthesis and more than 3 months later. The maximal absorption
wavelength is identical and no significant loss of absorbance at this wavelength
can be observed. The composite is likely to have matured during storage as the

absorption peak is more homogeneous in the spectrum taken at the later date.

Additionally, over a period of more than 3 months after the production, no
sedimentation has been observed. The composite material, whether at acidic or
basic pH is a stable colloidal solution. In that regard, it appears to the naked eye
essentially indistinguishable from controls solutions of colloidal gold and PANI-
COOH compared under the same conditions of concentration of materials and
pH.

C. Reactivity toward oxido-reduction.

C.1. Sensitivity to pH.

It is well known that conducting polymers are sensitive to pH changes.
This is particularly true for poly(aniline) which changes its electronic structure with
pH. The progressive p-doping (oxidation) by protonation of the non-conducting
leucoemeraldine into the conducting emeraldine results in a shift from the
absorption of high energy photons (343 nm, 3.61 eV) to the absorption of both
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CI—IARAC%ERPQQ% EEQ%G:h t[i'up\@/g/rios: g%—:—lnﬁp%gﬁosr/ the cgnducting polymer and
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the composite, and the importance of the changes in absorbance were similar in
both the composite and plain polymer. In order to illustrate these changes, we
recorded the difference spectrum between the materials adjusted at pH 4 .95 and
the materials at pH 9 (reference cell). These difference specira are presented in
Fig. 7. The appearance of the new bands in the protonated materials at both
high (380 and 420nm) and low (680nm) energy photons are identical for the
composite (solid line) and the native conducting polymer (dashed line). The
negative peak at 580 nm in the polymer is shifted to shorter wavelengths in the
composite i.e. in the region of the SPR peak of gold. This results probably from

changes in the energy of the conduction electrons at the metal surface.

C.2. Response to reduction.

Another interesting feature of water soluble PANI-COOH, which is also
shared with insoluble poly(aniline), is the photonic sensitivity of the material to
oxidoreuction. Both protonation and changes in oxidation states of the
emeraldine salts give rise to marked transitions in the optical spectrum (Grummt,
U.-W., et al. Anal Chim. Acta 1997, 547, 253). That property was recently applied
in a highly sensitive assay for ascorbic acide, using a poly(aniline) film desposited
in microtiter plates (Bosi, A., et al., Anal. Chem. 2000, 72, 4296). When

compared to currently available analytcial techniques, this new assay presents
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Qur interest in preparing a conposite material nade of a conducting polyner
and col | oi dal nanoparticles of noble netal was primarily directed to the
possi bl e wodonde/oaadziions in the opto-el ectronic properti epcofusb@shisvad eri al s
taken individually. The sensitivity of these nmaterials to various changes
in their physical environment is transduced by changes in their electronic
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date. Additionally, over a period of nore than 3 nonths after the

pr oducthoweveno as stionger aptioal heeackvity tobseduation han walesspiublaaPéNlal |
whet herC(S{)l_gci dic or basic pHis a stable colloidal solution. In that
regard, ppears to the naked eye essentially indistinguishable from

contr ol s 2ok S v 5 HTh P Db A BT AR bR Wgide o
assay for ascorbic acid in solution based on the previously described procedure,
using the reagents in aqueous solution rather than as a solid film. In the presence
of ascorbic acid, the reproducibility of the optical measurements was rather poor
with PANI-COOH, as can be see by the error bars for that dose-response curve,
shown in Figure 8 (upper curve). This is most likely due to the progressive loss of
solubility of PANI-COOH at low pH values. In contrast, the optical response of the
composite nanomaterial to reduction with ascorbic acid was highly reproducible
and the dose-response curve was must steeper, as shown in Figure 8 (lower
curve). With PANI-COOH, the absorbance change for a 20 mg.l ascorbic acid
dose (0.076 AU) was comparable to that observed in the microtiter plate assay
(0.118 AU) [20]. For the same analyte dose, the response for the composite
nanomaterial was, however, much higher (0.22 AU). We further compared the
least detectable doses (LDD), which were measure at three times the standard
deviation of the zero response of each system. The calculated LDD was 3.39
mg/l for the PANI-COOH assay, which was close to the detection limit of the
previously reported microtiter plate assay. Comparitively, the composite

nanomaterial was 60 times more sensitive, with a LDD calculated at 0.057 mg/I.

Such high sensitivity with good reproducibility and linearity in solution
makes the composite nanomaterial an excellent biosensing reagent requiring a
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C. Reactivity toward oxido-reduction. C.1 . Sensitivity to pH It is well
known t hat conducting polyners are sensitive to pH changes. This is

parti cul avbyodsrodes7ior pol y(aniline) which changes its elpettusesuso3®by uct ur e
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We use to test the reactivity of materials toward changes in the refractive
index of the medium with glycerol. The colloidal solution (0.5 mL) is mixed with
1.5mL of aqueous solutions containing respectively 0, 10, 20, 33.3, 50. 66.6 and
100% of glycerol. The final concentrations of glycerol in the medium are thus 0,
7.5, 15, 25, 37.5, 50 and 75%, respectively, which changes the refractive index of
the medium from that of water (1.3326) to progressively and respectively 1.3418,
1.3508, 1.3637, 1.3806, 1.3968 and 1.4355. When gold nanoparticles are
subjected to such a treatment, the localised SPR peak around 520nm decreases
slightly and the peak is shifted progressively to longer wavelengths, from 350 up
to 700 nm. This is exemplified in Fig.9, which shows the difference sp ectra of the
gold sol in aqueous solutions containing 7.5, 25, 37.5, 50 and 75% of glycerol

versus the same colloid in water.

Because in the composite, the gold nanoparticles are covered with a layer
of conductive polymer (PANI-COOH), the opto-electronic behavior of this new
material toward the refractive index surrounding the nanoparticles could be
modified, or even completely supressed. Therefore, it was important to check
this behavior. The reactivity of the PANI-COOH-gold composite nanoparticles
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conposite i.e. in the region of the SPR peak of gold. This results probably
fromchanges in the energy of the conduction electrons at the netal

surface. Wwo2oodRasponse to reduction. Another interestingcirastese3snbo wat er
sol ubl e PANI - COOH, which is also shared with insoluble poly(aniline), is

t he photonic sensitivity of the material to oxidoreuction. Both protonation
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of t he highgpqmhiotenin @nergyt excithtion (35 nof, 3PBNEVEODHe wagiatioo wfat ed at

different pH val ues both pater;j al i th .eas rati .0 f
ascorb ia@sgghadpcg@% $be 80 m’?srﬁlﬁ%giié%%? FUNEHeN BT e tmites réts'%gtré%f?%%'\ygr sus the
m xt ur?ndje@i\;&jtﬂe%e&iﬁﬁ“ﬁﬁé@hgv\){\hﬁtﬁgeﬁ.t he pH, both materials reported their

reduction by a progressive decrease I n absorbance at 600 nm |n agreenent

with previo repart h ' i &33fYo e
observed th;‘i}gilcragﬁ’g®§tpeécj%§%g!s&?re\h?@W%&%ﬁé%s%@ggﬁ:@ﬂtensiY(tDy for both
rr]rat eri ai@he?tetnélrgy/wlauel%n@hlewim a Donsatemtosid gomt&mmmatiacriealsedinspl ayed,
owever, a stronger_ optical reactjvity to reductiqn,,t t er-sol ubl

PAN lcogn_sosmeaa% 350 Reihregolbenpsniontiendl PABOOH SoTdidRned a

si mpl © ¢ C R, ' :

descri ﬁ%éﬁgggglﬁ&%@?ﬁéﬁ L%érdgaegsggr{b Es:'le?gl gzqueoﬁgﬂsatgpﬁ? ?g?”r/%%*%!a%/ t han as
a sol i adHis hew Hehavier of tlaeccareposite swietialonast probably respheficunihei ty of the

o or BAPGTEP ChIIS HOBoSNELBOHEBanR e RBlk ST TE! BTk ST BLr “cut ve) -
Thi s | $10m=Ind dthRE Yol Rl plaifcl8 s8R 8 S ITHEs bRtedA cloud of collectively
oscillating electrons at the interface with higher energy than that of the
conduction electrons of gold. This phenomenon creates a new SPR band in the
composite material at s horter wavelengths which absorbs high energy photons to
create higher energy photon-plasmon evanescent waves than those that occur in

the native gold nanoparticles.

Interestingly, a similar phenomenon has been observed with antibody-
coated nanoparticles of gold and silver plated as a monolayer on quariz plates,
upon binding of the protein antigen (Frederix, F., Friedt, J.M., Choi, K.H.,
Laureyn, M., Campitelli, A., Mondelaers, D., Maes, G., Borghs, G. Biosensing
based on light absorption of nanoscaled gold and silver nanoparticles. Anal.
Chem., 2003, 75, 6894-6900).

As a consequence of this changed opto-electronic behavior, the
measurement of absorbance changes at 350 nm for the composite material is
approximately 4 times more sensitive to changes in the refractive index of the
medium than the same absorbance changes at 575 nm for gold nanoparticles.

This is exemplified in Fig.12.
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solubility of PANI-COOH at | ow pH values. In contrast, the optical response
of the conposite nanomaterial to reduction with ascorbic acid was highly

r epr oduciwbeoand’d7me dose-response curve was must steep@CT/Us3005/0889 i N
Figure 8 (lower curve). Wth PANI-COOH, the absorbance change for a 20 ny.|
ascorbic acid dose (0.076 AU) was conparable to that observed in the
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Medi !Jrf_reﬁlélhrtivémdéi oeits StiRoquealing mealivml ara thelir spwisitivityrie pahainced whéemti on i s
exquisitely sensitive tg chapges, in the .refractive index of th di um t hat
surr ouﬁﬁmtpﬁ‘é?ﬂ torfhe %%}%lﬁvﬁ?WPFgOfasn%fwﬂ'ﬂﬁ? ‘i?é‘g“f’ﬂf‘% pB&JBSF %)(r%‘%h neasur e
bl omd! egbadfely TPk it FiaonfifteAbl BlREeRY el pRs-cRMiONFE pFosertieed Wi th
anti bodires or”receptor Engl ebi enne, P., Van Hoonacker, A., Verhas, M

Sur f acehehaxmpanedsornose: ofthe sepprate, materiaisue whighdpll qosaPPsad. in the

bi omedi cal sciences. Spectroscopy, 2003, 17, 255-273; Engl ebienne, P., Van
Hoonacker, As,suétr bas,ofithe skibjeditcotividsNn@nalyte detection apilicghionsrafteraput

o AR hBARS A R SRR AP BB ¢ o
777- 78fkcause neither conductive polymers nor colloidal metals suffer from
photobleaching (i.e., the irreversible photochemical processes leading to non-
fluorescent products) or “blinking” effects (i.e. intermittent signal emis sion due to
photoionization) that limit their performance as reagents. The detection systems
of the present invention find use in many commercial products including
homogeneous (competitive or sandwich) immunoassays, high throug hput
screening, protein arrays, PCR product detection and quantitation in real-time
and hybridization detection, to name a few representative applications. As such,

the subject invention represents a significant contribution to the art.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made thereto without

departing from the s pirit or scope of the appended claims.
Accordingly, the preceding merely illustrates the principles of the invention.

it will be appreciated that those skilled in the art will be able to devise various

arrangements which, although not explicitly described or shown herein, embody
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We use to test the reactivity of materials toward changes in the refractive
i ndex of the nmediumw th glycerol. The colloidal solution (0.5 m _) is

m xed w tWwoodsn47370f aqueous sol utions contai ni ng respeeCruskes038039, 20,
33.3, 50 . 66.6 and 100% of gl ycerol. The final concentrations of glycerol
in the mediumare thus 0, 7.5, 15, 25, 37.5, 50 and 75% respectlvely,

whi ch r: wat er 1
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treatment, the |ocal SPR peak d. d htly and th
peak 15 shi FUBBSHTOG o &di GEAPIES FORGEM T dRGOHESST PRSI 8700 nm

This '@ﬁéﬁ&% IHe‘ﬁE!eH‘ t51 &id9 the WelaGlBr SHOM\ﬁdérBtér@ﬂ%ethénﬁmmﬁmé (6 fife t he
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gl ycer ilventios @nd the caneepts! dasitdbitedwey e lnssamﬂs@ufurthermgcdhpcaﬂ tand t he
gol d nanopar covered with a . la ct
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ref racbkf(ﬁﬁ Pl @RdSeBrh 8HdAS N Mdtolen oRRistateents terdith hezitingsli prireeiplesy even
conpl etely supressed. Therefore, it was inportant t o check this behavior.

The reaspéstst gndfermmedmmtscsmhegavqnm@yvqﬂeamn@@aﬁﬁXém@ﬁfthsmf at pH
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nanocoll.ai ffaq rthg Fﬂpeqagd ag]f H&ions present such a behavior in presence
of increasi ng c ncentrations of glycerol.
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Thi s new behavi or of the conposite material nost probably results fromthe
conjunction of the high energy electrons of the polynmer with the cond
uction elwotznena7at the gol d nanoparticle surface. Thi spPcrast@s/oasoed oud of
collectively oscillating electrons at the interface with higher energy than
that of the conduction electrons of gold. This phenonenon creates a new SPR

band iQN & <0 WEqufgIeri al at shorter wavel engt hs whi ch absorbs high

energyAp-ﬁgrUrrs%—m-ea‘re* hi gher energy phot on-pl asnmon evanescent waves than
those that occur in the native gold nanoparticles. Interestingly, a simlar
phenonenon has been observed with anti bodycoated nanoparticles of gold and

si | ver 1pl at ednR$héd Bfbaleihg e mgtalrdohduktive polywmarcdmpadsitg cofloidhsajat ot ei n
antigen (Frederix, F., Friedt, J.M, Choi, K H, Laureyn, M, Canpitelli,
A., Mimeihadicommisinghes, G, Borghs, G Biosensing based on |ight
absorption %f ?'iicaal ed gold and silver nanoparticles. Anal. Chem, 2003,
75, 6894-69 Ws 1 consequence of this changed opto-el ectronic behavior,
t he measurenent gf) absarrhetateolibidngad at 350 nm for the conposite materi al
is approximtely 4 tinmes nore nsitive to changes in the refractive index

of the medi umthé:ﬂ)theaé’%@rﬁﬁ _ %&_HEQUQH’ ¥M&(> 575 nm for gol d
nanoparti cl gg, eTEbﬁc!{itioﬁ@unﬁ%ﬁWt?&éé?d Galer-daluble éo%o%‘é!télﬂl%%olilﬁfémté he above

di scussi on and res at the subject 1 nvention provides new naterials
and net hods adsatb tw enetabpattidles af saidicallpidoto prpduce atmehal/conesigtivepar at i on
of the conposite materi al. cor] Lsts of mxing the watersol uble conducting
pol ymer at &2HYREHCOTMRAHE SR Fé’b% with the metal nanoparticles at a suitable
pH. The conposite nanonmaterial is stable for nonths at roomtenperature in

colloidal buffered solutions. The opto-electronic properties of the new
conposi2 e ndienmetnpdiaceodisgteiGlaine 1t whesgio saikmeiali enlleid @nehsaides in the

enhanc AP RERLBbBanduCiee PREMEE AR B aRerb oar i ol es” and
conducting pol yrmer taken
3. The method according to Claim 2, wherein said metal colloid and said
water-soluble conductive polymer are combined by combining first volume of said
metal colloid a second agueous volume of said water-soluble conductive

polymer.

4, The method according to Claim 3, wherein said metal colloid and said
water-soluble conductive polymer are combined by introducing a said first volume

into said second volume while said second volume is agitated.
5. The method according to Claim 3, wherein said metal colloid and said
water-soluble conductive polymer are combined by introducing a said second

volume into said first volume while said first volume is agitated.

6.  The method according to Claim 1, wherein metal particles of said metal

colloid and said water-soluble conductive polymer are opposite ly charged.

7. The method according to Claim 6, wherein said metal particles are

negatively charged.
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separately. The conposite nanomaterial presents new opto-el ectronic
properties when conpared to those of the separate materials of which it is
conposed.woHeahg7iuse of the subject colloids in anal yPerast@stssmng
applications offers an advantage over the sensitive fluorescent dyes or
particles in current use because neither conductive polyners nor coll oidal
metal g, suff r : 9 k- ; k resd hem cal
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i nt er Fdtéesdludicgtehdasiivs polymireareaqohinined dyi ceanbioing fitsttvolumetoftsiadd r
performance as rea%ent . The detﬁ&t‘i OF systens o heﬁjpé](rgﬁs?nt i nvention
find Relal golipidg & EALFOYs ¥aKPE © ﬁ%@éd’&?tﬁé'sﬁ Y& SN Ronpetitive or
sandwi %m.n%lm'runoassays, hi gh t hroughput screening, protein arrays, PCR

pr odugt defection and quantitation in real-tinme and hybridi zation
detection, to nane a few representative applications. As such, the subject
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t eachisofblefpolymer are oppositelyicharged.t ai n changes and nodi ficati ons may be
made thereto without departing fromthe spirit or scope of the appended
clainms. Accordingly, the preceding nerely illustrates the principles of the

i nventdn. The WigthobdeacriopdingitatGidin Baivhehsinesatd skttt ivolurhe hastawi | | be
abl e to devise various arrangenents which, althou explici

h not |
descr ivriar-spluble apreactve pobimrridgantenyatine thatrroyides @fisMPéFﬂfiti?ﬁh'yﬁmj are
des! SO LIRS AL | d

Icg(rzld?ﬁf)eon ?{%Pé%é%%g%w&m%ré@%%gel n&lécrd;n‘d%h nc?gm %/radl(%lrtnmgg C?Jgogfi?d t he

reader in understanding the principles of the invention and the concepts
contributed by the inventors to furtherin to be construed

eI T v T methos Seargnorts Glath Te phierdnead Fathed Houhes chribeRog

cond t8ifyind/RUFBKR of S8 T EaR MetRf@indubas bblythelf bofipdsis, aspect s,

and e the 1T nvention as we as specific exanples thereof, are
i nt endmdloidotoedisplapeaadigaotdh structural and functional equival ents thereof.

12. The method according to Claim 11, wherein said ligand is a nucleic acid.
13.  The method according to Claim 11, wherein said ligand is a peptide.

14.  The method according to Claim 11, wherein said ligand is a small

molecule.

15.  The method according to Claim 14, wherein said small molecule is an

organic molecule.

16. The method according to Claim 14, wherein said small molecule is an

inorganic molecule.

17.  The method according to Claim 11, wherein said ligand is bound to said

particle by a linker.
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Additionally, it is intended that such equival ents include both currently
known equi val ents and eq uival ents devel oped in the future, i.e., any

el ement s wewvedspaextit hat performthe sanme function, regardirassoosfssby uct ure.
The scope of the present invention, therefore, is not intended to be
limted to the exenplary enbodi nents shown and descri bed herein. Rather,

the s e a skl tel Nt 3 ahod idqti d
cl ai mc%ATﬁﬂg %%m%éﬁ(%a%§qg&;llram ﬂégdh%?elgfsoﬁuci ngaqg;oﬁgltd allg% c%ﬂ%@? Fve
pol ymes neloh@asetae col | oi d, said method conprising: conbining: (i) a netal

colloid; and (ii) a water-soluble conductive polyner; under conditions
sufficient for said water-sol uble conductive polyner to adsorb to netal
parti S i i r whah&il i sefonposite
col | o?'d‘f 2 ﬁh%ﬁggm%géﬂgg%rtgi%gwﬁg% ai méﬂwm%ggglﬁwgiag'synﬁl colloid
and sdramvw@golerarsdbkiNgre conducti ve pol yner are conmbined with agitation. 3.
The nmet hod according to daim2 , wherein said netal colloid and said
wat er - sol ubl e conductive polynmer are conbi ned by conmbining first vol une of

sai d myf al  qld piethcl S655HaMEARBLERNE 10 WHEReRl sd@inbienestas ) gdiie conduct i ve
pol yner. 4 . The nethod according to Claim3, wherein said netal colloid

and sai d water-sol ubl e conductive polyner are conbi ned by introducing a

Cd i I . . C1 . .
aqi tartl 5. PeBent Set g e fEeleaig A SRR ok B
and sahdlyrvpdreis-iPbrgaintc Ot i ve pol ymer are conbined by introducing a

said second volune into said first volunme while said first volunme is
agitated. 6 . The nmethod according to Claim1, wherein nmetal particles of

said mpj al qld QlethAdcdstfhg B! Elaim Y 1N rERN UG UryanROpITRIerar € oppositely

char ged™
comprises ionizable moieties.

23. The method according to Claim 22, wherein said ionizable moieties are

carboxylic acid moieties.

24. The method according to Claim 1, wherein said water-soluble conductive

polymer is a substituted polyaniline.

25. The method according to Claim 24, wherein said substituted polyaniline is

poly(aniline-2-carboxylic acid).

26. The method according to Claim 1, wherein the density of said metal colloid

ranges from about 1.01 to about 1.30.

27. The method according to Claim 1, wherein said mestal colloid comprises

metal particles having a diameter ranging from about 1 nm to about 1 ym.

28. The method according to Claim 1, wherein said metal colloid is

homogenous with respect to size of metal particles thereof.
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7. The nethod according to Claim6 , wherein said netal particles are
negatively charged. 8 The nethod according to daim6 , wherein said netal
col |l oi d am0 28@id73vat er - sol ubl e conducti ve pol yner are ceuairiuseashysogonbi ni ng
first volune of said netal colloid a second aqueous vol une of said

wat er - sol ubl e conductive polyner. 9. The method according to Caim 8,

wher eiqy sai q,h%ﬁ%fho%(]aériﬁ?%ﬁ@?qg\r@gms\A}%Y@lgﬁgé itnRioPHbfiviaterd s chosen

so that 'said wat érsol u pol ymer are oppositely
char geglublle cdiductivehmdymec or shid gecondivalumé ranges diam sdiodit 8d&bnd vol une

has a er-sol yble_c uctive polynmer concentration that provides for
subst ﬁé%ﬂl";}oﬁg’ﬁg@%&rﬁk sol ubl e polymer in said nmetal /conductive
pol ymer conposite colloid. 11. The method according to Claim1, wherein
said nmethod further conprises nodifying surfaces of particles of said

net al /3fondufheveetud/acsordingotlaim 28 Whietleinsaid spatey-selubiggaadugtve The

met hod accordiing.to Caim1l1l erein said |i IS i [d. 13.
The. neRGRSLAIGHN A0SR WPUie H9S afdieiRol oy eIy B S R ™ 107 e
met hody k% Of 8000 1© sBaitm2ldoomherein said ligand is a small nolecule. 15.
The method according to Caim 14, wherein said small nolecule is an organic
nol ecul e. 16. The nethod according to Caim 14, wherein said small nol ecul e

is an jnorgahic | e e. 7. The. h i i .1, wherein
sai d Iéf1gand i rﬂgﬁ}%f%%cosrgﬁé %a@?frﬁ‘l‘%&e)’ %ei&@%%i&f@ﬂd%d@b%ﬁ%od accordi ng
to d gidmdgendesaiith Fstipéchts saidamtessdiuble sondlictivelpofyneemobl e netal . 19.
The met hod according to Caim 18, wherein said noble netal is chosen from

gold and silver. 20. The nethod according to O aim19, wherein said noble
et al 3> go%\dmetallconductive polymer composite colloid produced according to the

method of Claim 1.

33. A stable metal/conductive polymer composite colloid comprising metal
particles surface coated with a conductive polymer layer and suspended in an

aqueous medium.

34. The composite colloid according to Claim 33, wherein said colloid is

uniform with respect to said polymer coated particles.

35. The composite colloid according to Claim 33, wherein said conductive
polymer layer is present as a monolayer of polymer molecules surface adsorbed

o said metal particles.

36. The composite colloid according to Claim 33, wherein said metal particles

have a diameter ranging from about 2nm to about 1,200 nm.

37. The composite colloid according to Claim 36, wherein said colloid has a

particle density ranging from about 1.01 to about 1.30.

38. The composite colloid according to Claim 33, wherein said metal particles

and conductive polymer are matched in terms of at least one optical property.
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21. The nmethod according to Caim1l1, wherein said water-soluble conductive
polymer is an organic polynmer. 22. The method according to Caim2 1,
wher ei n swoado@vgastic pol ynmer conprises ionizable noieti @sT/1R3005DBs®9ret hod
according to Caim22, wherein said ionizable noieties are carboxylic acid
noieties. 24. The nethod according to Claim1l, wherein said water-sol uble

condugy ve ?Hé%epdﬁteacog%gﬁ%&dﬁﬁg etg%béfrﬂiéd, RPherén salEopRidipfopreor di ng

to Clarm 24, where€in sal stitu polyaniline is

pol y( &idn ales&baaceongtimunaci d). 26. The net hod according to Caiml,
wherein the density of said netal colloid ranges fromabout 1.01 to about
1.30. 27. The nmethod according to Caim1l1, wherein said netal colloid

COMpr izgps Wﬁg'coﬁ?ﬁééi@l@oﬂlohﬁa&étgdﬁqg%mﬁrﬁrasc apléReh ShRtakpositd nrn to
about 1 mm 28. The nethod according to Claim1, wherein said netal colloid
i s horodkidismaeire Isensiéipedo changes in refragtivalingsax of spiskmagiyra@s. 29. The

Conducenpgalss Gre contoltlpr Bl sl R Badoh s Shetl BBRSAHELT 1 o
about ZHdRAWE potPmerhe nmethod according to Caim29, wherein said

wat er - sol ubl e conductive polynmer of said second volunme has an average
nol ecul ar wei ght rangi ng fromabout 1,500Da to about 32,000Da. 3 1. The

net ho ccordi i : i i I j ith
fespeditto daPabmostelioy ac e8GR, GRMl 5 naferelf el rmictal RFRAER0US,
pol ynelorpprines hebleghéwi.d produced according to the nethod of Claiml. 33.

A stabl e netal/conductive polynmer conposite colloid conprising netal
particles surface coated with a conductive polyner |ayer and suspended in

an aqyepus Frdid4Mnosite colloid according to Claim 33, wherein said noble metal is

chosen from gold and silver.

43. The composite colloid according to Claim 33, wherein said conductive

polymer is an organic polymer.

44. The composite colloid according to Claim 43, wherein said organic

polymer comprises ionizable moieties.

45. The composite colloid according to Claim 44, wherein said ionizable

moieties are carboxylic acid moieties.

46. The composite colloid according to Claim 33, wherein said conductive

polymer is a substituted polyaniline.

47. The composite colloid according to Claim 46, wherein said substituted

polyaniline is poly(aniline-2-carboxylic acid).

48. The composite colloid according to Claim 33, wherein said particles of said

metal/conductive polymer composite colloid display a ligand.

49. The composite colloid according to Claim 48, wherein said ligand is a

nucleic acid.
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34. The conposite colloid according to Caim33, wherein said colloid is
uniformwi th respect to said polyner coated particles. 35. The conposite
coll oid awoanaimagi7io Cl ai m 33, wherein said conductive polryusesosioasoes i s
present as a nonol ayer of polynmer nol ecul es surface adsorbed to said netal
particles. 36. The conposite colloid according to C aim 33, wherein said
netal particles have a dianmeter rangi ng fromabout 2nmto about 1,200 nm
37. The conposite colloid according to Claim 36, wherein said colloid has a
parti cbe. deffbetoomposjiencplficdacedrding to. Qlainv4@pwherein 3@id tigandrisea conposi t e
colloid according to Caim33, wherein said netal particles and conductive
pol ynePe%tt'(ge-natched interms of at |east one optical property.39. The
conposite colloid according to Claim 38, wherein said optical property is a
n absorbance nmaxi mum 40. The conposite colloid according to C aim 33,

wher ei 81sai Theanptiwid acanstlingitd GlainmdBewkarein said liganghamge®alln refracti ve

i ndex of said nmedium as conpared to a control colloid conprising said netal
parti cm?ée%?' coated with said conductive polyner. 41 . The conposite
colloid according to Caim33, wherein said netal particles conprise a

nobl e netal. 42. The conposite colloid accordi n_% to Claim33, wherein said
nobl e B2t al The mathashaeeasdingde & laima 5di mngreiysaidgraal mglecyleds 8l | oi d

accordj t. .m.33, wherein said conductive polyner is an organic
pol yrre%".rbgaﬂe"%@é@%hposi te colloid according to Caim43, wherein said

organi ¢ pol yner conprises ionizable noieties. 45. The conposite colloid
according to Claim erein sajd _ionizable nopieti ﬁfsﬂcgre carboxylic acid

44, wh
moi et | 83. 4dheTRethashaerardivade Glaing 5] cwhreleiyseid s QCUIGHRPRI n sai d
CO”dUCHoYSarPielr}{gfé'buies. a substituted polyaniline.

54. The method according to Claim 48, wherein said ligand is bound to said

particle by a linker.

55. A stable metal/conductive polymer cormposite colloid comprising metal
particles surface coated with a conductive polymer layer and suspended in an

aqueous medium, where said particles display a ligand.

56. The composite colloid according to Claim 55, wherein said colloid is

uniform with respect to said polymer coated particles.
57. The composite colloid according to Claim 46, wherein said conductive
polymer layer is present as a monolayer of polymer molecules surface adsorbed

to said metal particles.

58. The composite colloid according to Claim 55, wherein said metal particles

have a diameter ranging from about 1 to about 1,000 nm.

59. The composite colloid according to Claim 58, wherein said colloid has a

particle density ranging from about 1.01 to about 1.30.
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47. The conposite colloid according to Caim46, wherein said substituted
polyaniline is poly(aniline-2-carboxylic acid). 48. The conposite colloid
accor di ngvoaoédmrsm 33, wherein said particles of said nmecaluscansdssob ve
pol ymer conposite colloid display a |ligand. 49. The conposite colloid
according to Claim48, wherein said ligand is a nucleic acid.50. The

conposike C ' ar gl i i ' i | sl J=Ftidegept i de.
5 1. T%E% ne?h%ggog%é&oér? |é18é|%?j oé%%%g%éémm]g?ﬁwggfﬂhI%iazgdand isF’ alsrerall

nol ecubed cbAdudiive pelyhedt sae cratdhed it teChaiofab lsasticaesipiicabpi@penyl | nol ecul e
is an organic nol ecule. 53. The nethod according to Caim5 1, wherein said

smal | nolecule is an inorganic nolecule. 54. The nethod according to Claim

48, whg ei NTRAIGhrhbSHALAIBIPAEEYHdINg B CHaiRRBD! Wherdly said bplic préSertyd st abl e

met al / conductive pol ymer conposite~colloid conprising netal particles
sur f acis aroabsaorbainth maxiondiict i ve pol yner | ayer and suspended in an aqueous
medi um where said particles display a |igand. 56. The conposite colloid
according to Claimb55, wherein said colloid is uniformw th respect to said

pol ymego coatrpd kb ogitedolloRy acddIgingPr® Claihe 56 0vhersinaibtoinposite Gl ai m 46,
wherein said conductive polyner |ayer is present as a nonol ayer of polyner

nol ecutelpid is friore sensiiiveda changes in iefractiyaindex| fsaid gediyd aonposi t e

" angs nfoRPER ISt b it BorEl T ReEbierRAtRE I EoRA G IF TS o

to O atshdSotivehssighersai d col loid has a particle density ranging from about
1.01 to about 1.30.60. The conposite colloid according t o O ai m55,
wherein said netal particles and conductive polyner are matched in terns of

at | eags On?‘h‘ép&drﬁ;%sifér OBRid According to Claim 55, wherein said metal particles

comprise a noble metal.

64. The composite colloid according to Claim 55, wherein said conductive

polymer is an organic polymer.

65. The composite colloid according to Claim 64, wherein said organic

polymer comprises ionizable moieties.

66. The composite colloid according to Claim 65, wherein said ionizable

moieties are carboxylic acid moieties.

67. The composite colloid according to Claim 55, wherein said conductive

polymer is a substituted polyaniline.

68. The composite colloid according to Claim 61, wherein said substituted

polyanaline is poly(aniline-2-carboxylic acid).

69. The composite colloid according to Claim 55, wherein said ligand is a

nucleic acid.

70.  The composite colloid according to Claim 55, wherein said ligand is a
peptide.
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6 1. The conposite colloid according t o Claim60, wherein said optical
property is an absorbance maxi num 62. The conposite colloid according t o
Cl ai m 55,wotweseaiams7sai d conposite colloid is nore sensitiPCe/USe00sH38VYES | N
refractive index of said nediumas conpared to a control colloid conprising
said netal particles not coated with said conductive polyner. 63. The
conposite colloid according t o Caimb55, wherein said netal particles
conprise a noble netal. 64. The conposite colloid according t o C ai m 55,
wher ei 71 sai The onetthotliaceomihg te Claim&b, avhreircsaidiligand.is @smathe conposite
colloid according t o Caim64, wherein said organic polynmer conprises

i oni zaote eties. 66. The conposite colloid according t o C aim 65,
wherein said ionizable noieties are carboxylic acid noieties. 67. The
conposite colloid according t o Claim55, wherein said conductive pol yner

i s a sUBsti Theedethodyancording to €daimhel, ydgrel saidsonalbmelegideisidmg t o A ai m
6 1, wherein s?id substituted polyanaline is poly(aniline-2-carboxylic

aci d) . OBRNITMOIeGHB0si te col I oi d according t o Caimb55, wherein said
ligand is a nucleic acid. 70. The conposite colloid according t o C aimb55,
wherein said ligand is a peptide.7 1. The nmethod according to O ai mb55,
wher ei fi3sai Theirgaihediaccerdinglte Glaimcii, avhergin said sraalhBwledd®isi® Mg to C ai m
7 1, wherein sai |gﬁ$| Il rmolecule is an organic nolecule. 73. The net hod
accor d5nr?ég?rgca"% "1, wherein said small nolecule is an inorganic

nol ecul e. 74. The nmethod according to Caimb55, wherein said ligand is

bound to said . _ o _ .
The method according to Claim 55, wherein said ligand is bound to said

particle by a linker.

75. A method for screening a sample for the presence of an analyte, said
method comprising:

(@) contacting said sample with a stable metal/conductive polymer
composite colloid to produce an assay mixture, wherein said colloid metal
particles surface coated with a conductive polymer layer and displaying a ligand

for said analyte; and

(b)  detecting an optical parameter of said assay mixture to screen said
sample for the presence of said analyte.
76. The method according to Claim 75, wherein said method is qualitative.
77. The method according to Claim 75, wherein said method is quantitative.
78. The method according to Claim 75, wherein said analyte is a nucleic acid.
79. The method according to Claim 75, wherein said analyte is a peptide.
80. The method according to Claim 75, wherein said analyte is a gaseous

analyte.
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particle by a linker. 75. A nmethod for screening a sanple for the presence
of an anal yte, said nethod conprising: (a) contacting said sanple with a
st abl e mawel2bexpmadiret i ve pol ymer conposite colloid to preduads:@s/oamsay

m xture, wherein said colloid nmetal particles surface coated with a
conductive polyner |ayer and displaying a ligand for said anal yte; and (b)
detectgng a i im g vASS RN i i ereenissal d sanpl e
for thseﬂpre?gﬁcﬁéﬁgbﬁgﬁg%tgar@?ﬁme n@tﬁ%gtdg%gﬁ%hirﬁg to Cl aim75,
wher ei chargjaeinmtigght @tbsooaneal i t ati ve. 77. The met hod according to d aim 75,
wherein said nethod is quantitative. 78. The method according to C aim 75,
wherein said analyte is a nucleic acid. 79. The nethod according to Claim
75, whgs ei naASd - ARG the pReBeRts ¢ antéhalyiecnédngicaeari ki ng to Caim
75, wherein sald analyté is a gaseous analyte.8 1. The method according to
C ai m g&mpvibiéagei n sai d optical paraneter is a change in |ight absorbance.

compr i 8 ng: St areanep At REDAR eeaie bl Te L PR 8RR couce

an assgixtlires wherein'did @oloriahe:tabpadiciés@irtdcepesdied vith s eohdaetiveoat ed wi th
a conductive polyner | a?/e( and_ di sapl aying a ligand for said anal yte.
polymer layer and displaying a ligand for said analyte.
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