"W ethod of Enhancing A Fluorescent Signal” Fi el d of
the I nvention The present invention relates
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the fluorescence of fluorescent and non-fl uorescent
conmpounds, i ncl udi ng bi onol ecul es. The present
invention also relates to nmethods for detecting the
presence of conpounds, including bionolecul es.
Background Art In recent year$ fluorescence has becone
a dom nant technology in fields such as environnental
noni tori ng, (Rj j prand
cellular im %&?82&3?@%{,5@%92%%%@&% F‘%‘estl ng and
i magi ng). The greatly enhanced ability to detect
?ﬁﬁfbfhﬁaﬂ?&ﬁﬁ&“es has also |l ed to rapid advancenents

dIragnos For exanple, fluorescence detection is
MAder used in medical testing and DNA anal ysi s
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Most of the knowledge about fluorescence is based on measurements of the
spectroscopic properties of fluorophores that upon excitation, radiate into a
homogeneous and non-conducting medium, typically referred to as free space. A
fluorophore is like an antenna, which oscillates at high frequency and radiates
short wavelengths. Local effects are not usually observed because of the small

size of fluorophores relative to the experimental apparatus.

Some of the fluorescence techniques used to detect the presence of molecules
include Resonance Energy Transfer (RET), immunofluorescent assays, and
fluorescence in situ hybridization. Detection of the molecule of interest is generally

limited by the properties of the fluorophore used.

One well-known detection method is Surface Enhanced Raman Scattering

(SERS). It is known that the presence of a metallic surface can enhance the
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many types of nol ecul es absorbed on the surface of
certain netals, such as gold, silver and copper.
Simlarly, fluorescence signal can al so be enhanced
many-fol d when fl uorophores were pl aced in cl ose
proximty to silver particle Coated surfaces and
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IS S Iﬁélﬁnd Baisabletlileahay GRSHBE UMHOIBESe such that it loses its
biological activity. Problems with current fluorescent techniques stem in part from
the low fluorescent intensities of commonly used fluorophores. Additionally,
background fluorescence can be significant when using the low wavelength
excitation radiation required by some fluorophores or when large quantities of

fluorophore are required.

DNA, a biomolecule of great interest to many researchers, ordinarily does not
fluoresce at detectable levels. As a result, extrinsic fluorophores are often added
to DNA to facilitate the detection of DNA on gels (Benson et al. (1993) Nucleic
Acids Res. 21, 5720-5726; Benson et al. (1995) Analytical. Biochem. 231, 247-
255), in DNA sequencing (Smith et al. (1986) Nature 321, 674-679; Prober et al.
(1987) Science 238, 336-343; Li et al. (1999) Bioconjugate Chem. 10, 241-245),
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Acids Res. 2 1, 5720-5726; Benson et al. (1995)
Anal ytical. Biochem 231 , 247- 255), in DNA
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Prober et al. (1987) Science 238, 336-343; Li et al.
(1999) Bi oconjugate Chem 10, 241-245),in fluorescence
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ﬂﬂﬁ%h'y \A'Fﬂﬂe Invention

The present invention provides a composition comprising: a hydrogel particle and
a fluorophore; wherein said composition produces an enhanced fluorescent signal

when excited by an energy source capable of exciting the fluorophore.

The invention further provides a method for making a composition comprising the
step of: combining a fluorophore and hydrogel particles; wherein said method
generates a composition that produces an enhanced fluorescent signal when

excited by an energy source capable of exciting the fluorophore.
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excited by an energy source capable of exciting the
fluorophore.- Aln a further aspect, the invention
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the step of: conjugating a fluorophore to a hydroge
particle; wherein said nmethod generates a conposition
t hat produces an enhanced fl uorescent signal when
excited by an energy source capable of exciting the
fl uorophore. In another aspéCt, the present invention
gbOV|des a met hod for enhancing a fluorescence signa
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The present invention also provides a method for identifying nucleic acids, the
method including the steps of: (a) positioning a nucleic acid bound to a
fluorophore in proximity to a hydrogel particle, (b) exposing the nucleic acid-
fluorophore combination to an energy source capable of exciting the fluorophore,
(c) detecting the fluorescence emission, and (d) identifying the nucleic acid based

on the fluorescence emission.

In another embodiment, the present invention provides a method for identifying
nucleic acids, the method including the steps of: (a) positioning a nucleic acid in
proximity to a hydrogel particle, (b) exposing the nucleic acid to an energy source
capable of exciting the fluorescence of the nucleic acid, (c) detecting the
fluorescence emission from the nucleic acid, and (d) identifying the nucleic acid

based on the fluorescence emission.
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capabl e of exciting the fluorescence of the nucleic
acid, (c) detecting the fluorescence em ssion fromthe

woeereiwaci d, and (d) identifying the nucl ei cPEBG2005/000353

based on the fluorescence em ssion. Still another

enbodi nent provides a nmethod for increasing the
fluorescence intensity of a fluorescently | abelled

bi onol ecul e including the steps of: (a) labelling a

bi onol ecule with a fluorophore, (b) positioning the

|l ahel | d bi opol ecul e in OX|n1t to a hydroge
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excjting the fluorophore and (c) detecting a
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Pf%ﬂﬁ&oaanﬂy&%gelf ‘Harﬁrﬁ&r ?@S 'e&So# ifg . fhat rflhar%gﬁore bl?molecule

| uorescence of a bionol ecul’e I ncluding t
capbipgten toan wgetdyesquies thadiic aapaple lofiexeiting the ﬂuorophore and
) URIcRAY's AublbsBEREfLLgn L 0 @ hydrogel particie, (D)
exposi ng the bionolecule to an energy source that is
capabl e of exciting the intrinsic fluorescence of the
henpleesnt! mvantbr @sdProGleN% anbingar f% CRRteRIH %r'\é)rintrmsm
| n_anot her aspect, the present invention provi
Hrraerance oha bisrpeleaylea ncusding Bgatempal (a)d}q@ﬁlorlmrtb@l lntmmrsally
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crosslinkages and a fl uorophore; n sai

bipotespifote-ary dinsse  seares dhat isorepablei oh exciilgc s antrinsic
fAeaeRte bi Qrbﬁﬁﬁ&%ulé 'alﬂﬁ Sé)tq%@? Pg )écfhfoﬁéjsc@‘t %‘Ellsglgﬁ.r ay

sour ce capabl e of excit orophore

Descri ption of the Drawi ngs Conprehensn on of the

Innﬁﬁéthe:oﬁsp&;tf & Iprdstihe dnantibg astotided e cBﬁido@Mbﬁ‘gcompnsmg
Ealled description, in conjunction with the annexed

¢l gerticles dermediinto %hwrag%lg?%tﬁﬂﬁtw@ vipeDentedy resionsive

&rbsdliRRadts0&A8 Sa Ofludrophdre atvirgein Bxd" ﬁl&ﬁbpﬁ@f&ﬂyﬂﬁigew ep‘a‘ﬂtlcle
an inbuilt biosensor, whereby the protein or

cqmRipgtiondrodiices ananb@nced BiBssant sloaakyhen axrétegéwart energy
$IupEStdpabRbeRCIBAE thediudpspigl t o concentrat ed

- pNI PAM AA particles, form ng am de bonds, in the

presence of
Brieft Dedcriptiod-afithe Oirgigsnopr opy| ) - car bodi i ni de (EDC) .
Figure 1b is a diagrammatic representation of the

rocess of |oading a
omprehension of the invention is facilitated by reading the following detailed

description, in conjunction with the annexed drawings.

Figure 1a is a diagrammatic representation of the process of fabricating a
hydrogel material with an inbuilt biosensor, whereby the protein or peptide
substrates of a target proteolytic enzyme are used to crosslinked to each other
and to concentrated pNIPAM-AA particles, forming amide bonds, in the
presence of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC).

Figure 1b is a diagrammatic representation of the process of loading a
fluorescent compound (ethidium bromide) into a hydrogel material via diffusion.
The small picture inset shows a piece of hydrogel material pre-loaded with

ethidium bromide.
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fluorescent conpound (ethidiumbromde) into a
hydrogel nmaterial via diffusion. The small picture
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wi th ethidiumbrom de.Figure 1c is a diagrammatic
representation of the process of digesting a hydrogel
materi al preloaded with a fluorescent conpound
(et hidium brom de) using a t%r get protease, resulting
in the release of reporter fluorophore and pNI PAMM

rtlcl es ich can then be detected Figure 2a. is
S’a 19R 1ers A dirpramenalig reprepentaligoighe pragss; f-EﬂeﬁWr%@édrogel

Pitérit bRSoSIEINAMIES HudrBscit §6m?bu Noa(étt%'iﬁmt &Hﬁﬁe@hgfnﬁ% target
nmeasured by dynam c |ight sca

tering : ure
PEOtgass e{BﬁUIBF@\Nﬁ' e '?I?@S?)Qf faperter ﬂyomh@te c'mq R%MAAA particles
WHEH QLR thaPdMeldetdgsy. suspended in water at various
tenperatures, nmeasured by dynamic |ight scattering
(DLS). </ Figure 3 is a graph showi ng the changes with
FRYIPE 128118 griaph sHHWing i thy g@ﬁtclél\!h FAMHERIFRA-HER ﬁﬁjrogel particles
suspended in water or | es were prepared
BiSPENHeckin valpicatsRFigs tsmperaﬂérst daeafured Ay dmm@rltgbt S‘t?ﬁte”ng
{mes)yrean. Figure 4a is a photograph show ng the
enhancerrent by pN PAM HEA particles suspended in
wat er, of the fluorescence of 0.1 ug/ul ethidium
Bigare dB i8ta gEDE SHOWIS eV esHitle dek ét’\'bNIPlAMTARaWdﬂfgel articles
Sone illaries were heatedto 370C on a heat blo
BBPBRdED R Y S RYOUSFP P e, rasasUFcORY Bynarig light Scattering
([ﬂ_@hSl ty of ethidiumbrom de fluorescence at vari ous
concentrations in water at 250C (D) and 370C (X), and
in pNl PAM HEA /wat er suspensi on at 250C (D) and 370C
Figuye 3 isSagpdpbsshowiire theehangeb with tempratasd i@ tarbibitgrof pNIPAM-

HEADABFRE-"SRPoREFROGAEr B3PS Samelfa Math anreon fn toticate
dndieresbanaepedsentstandardcencasfith@iieans i n | XPBS at
250C (D) and 370C (X), and in pN PAM HEA / 1XPBS

suspensi on at 250C (D) and 370C (j ) . Sanples were
lfjggpafl@aﬁ @ photograph showing the enhancement, by pNIPAM-HEA particles

“ suspended in water, of the fluorescence of 0.1 ug/ul ethidium bromide at 37°C

as observed under UV illumination. Some capillaries were heated to 37°C on a

heat block before photography.

Figure 4b is a plot of the intensity of ethidium bromide fluorescence at various
concentrations in water at 25°C (A) and 37°C (X), and in pNIPAM-HEA /water
suspension at 25°C (0) and 37°C (). Samples were prepared in triplicate and

error bars represent standard error of the mean.

Figure 4c is a plot of the intensity of ethidium bromide fluorescence at
various concentrations in IXPBS at 25°C (A) and 37°C (X), and in pNIPAM-HEA
I1XPBS suspension at 25°C (0) and 37°C (M). Samples were prepared in

triplicate and error bars represent standard error of the mean.

Figure 5 is a plot of the intensity of Sybr Green 1 fluorescence in the presence of
various concentrations of plasmid DNA, in water alone at 25°C (A) and 37°C (X),
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triplicate and error bars represent standard error of
the nmean. Figure 5 is a plot of the intensity of Sybr

wW@2®e043073 | uorescence in the presence of vari oRGI/SG2005/000353

concentrations of plasmd DNA in water alone at 250C
(D) and 370C (X),and in pN PAM HEA/ wat er suspensi on at
250C (D) and 370C (j ) . Sanples were prepared in

triplicate and error bars rep;esent standard error of
the mean. Figure 6 is a plot” of the |ntenS|ty of Sybr

e ARG R b IS Rl S5 65 ol B sarples were
255epafea)in anslicht® end ¥rror aads | r r@%ﬁ%#@ﬂ%{ﬁaﬁe mean.
suspensi on at 250C (D) and 0C (i . Sanpl es were

prepared in triplicate and error bars repr esent
sFignrka & & plobd bf thie mﬂeesmyea‘rSyb‘Fi(yuére 1 flubgeszedein thé ptd¥ence of

Bl BRSOl e AL Y b D855 5h Aot gy ana a7
X),, aaau.d meHNNH-PIEWEéb(PW SlspahsRAN St IK’at [Z)S%d(@)"c ().

e prepared in tr|p icate a
Bwe&épienaésﬂ grg ér@wétea%cgﬁa%b%% represerd siangdard error of
FthgmegnS is a plot of the fluorescence intensity of
various fluorescein concentrations in 0.5XPBS al one at
250C (D) and 370C (X), and in pN PAVHEA/ 0. 5XPBS
sFtigmn§i das at pRﬁOGf (b dlndre3éérce( jintensitySadtp vaBowse ' fRiorescein

ar.e n.tr c te and bars_r ent .
RpERaBRont b wier A oS Ty eng sl §hofie in pNIPAM-
ﬂ%ﬁ@rtsb@pdr%icﬁi atVZ!SOU (B)raﬂﬁthSEQCe (. @o‘a]mfﬂﬁtfé WerdNstepared in
in resence o

b
SRl eRop bRt SauBbeonat Bp e 250C
and 420C. Controls are et h| di um brom de sanpl es
I B t d t. el .
$389) 4% 12 AT, e RGleBl o8RG Y TRRTE) dupggee
|cgn<zen¢rerwgmplﬁ)@deS natmreomsa?‘igl ¢4) ahd rsmﬂr:o@e)l and in pl\llqlPAM-
T sRbes el 0 Sl A0 OB el i tpares

pr tipicatasadker(dOtarsgépteseat sialiadndrrafof IhdPB8ahas been

"added. Figure 10b is a photograph of the sanpl es of

Fig 10a to which 100m of 1XPBS has been added after
EBRIrei9igta graphcshoating theatel@ime Gluorescence of 0.1 pg/ul and 0.2ug/pl

ethidium bromide in the presence of proteinase K pre-digested hydrogel
material at 25°C and 42°C. Controls are ethidium bromide samples dissolved
in 1XPBS, without pre-digested hydrogel material. Experiment is done in
duplicates.

Figure 10a is a photograph of time=0 samples of hydrogel material, pre-
loaded with ethidium bromide, to which either (1) 3ul of trypsin (25ug/ul), (2)
3pl of proteinase K (100ug/pl) or (3) 3ul of 1XPBS has been added.

Figure 10b is a photograph of the samples of Fig 10a to which 100pl of
1XPBS has been added after 135 minutes incubation at 37°C.

Figure 10c is a photograph of the samples of Fig 10b viewed under UV
illumination, after pre-heating to 42°C for 5-10 minutes.
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Figure 10c is a photograph of the sanples of Fig 10b
viewed under UV illum nation, after pre-heating to

Wa20Q0439r3 5- 10 minutes. Figure 1Qd is a phot ogrBESG1005000353

flat petri-dish surface overlaid wi th hydrogel
material, pre-loaded wth ethidiumbromde, to which
droplets of either (4 1 m proteinase K ( 100ng/ m)
or (5) 2 mM of lysozyne (SOm%/rﬂ) have been added and
I ncubat ed for 135 minutes at “370C, with the addition

Siaitectos’s o reradee SLa gk petidiatneunerk cypriakdwit hydrogel

fnhaeFias GRrBq6a&e@RAth @maﬁﬂﬁbmdé%mm@ﬁIcrﬁ@plebsdépaﬂ{er
materials pre-loaded with ethidi um brom de. i di um

¥ Brateisag@aK @OeroHAAS) Rud of rmesqumeo@@pgw) raﬁ\fer bgemdded
%ﬁﬂ%b&m{ed for ‘?95%1 ?. v. an i tpE L84 n 9:?—1«5 ?1%?%3.“

OW NQg protease se e en
fl uorescence signal at 250C and 420C, u5| ng hydr ogel

@r&'ﬂ ‘Z“rﬁ ¢.Jag§ r%wggb %mbg @etgc?mt)de%ndﬁeh en%e%t of

ein es ure

6egr|eeeertqe %@ieﬂaqaér@ mndg42o€ ﬂ$109rheydm¢t matwatappa bsdeﬁ with
e r| d t idju r
gl ge&?egrdv@%j% pro @gﬁé@@ﬁ& péﬂ\{%ﬁ rgﬁ&dgbhumtngr@g] ﬁ gcli gE@l by
diffusion ofbspaximdnt 1XBB&e irctipliiates. br omi de was pre-| oaded
into the hydrogel by diffusion. Experinent is done in
duplicates. Figure 14 is a graph showng the ability
bigwrenlZ i a waRh Shewhdneiéeaseobelealivitn edd higr ggl@ancement of
d r

S e, TR o AT ahd AR, uShi ki e rEIsoR, rapped
%hﬁbmmrbé@mldlesEm@weﬂent iguionedadeplicatescl osure of the
I nvention General Those skilled in the art wll
g@gr eciate that the invention described herein is

Eed8i' 12 gEpveoRg Hifs dagigendioali-auanching of fuaresasase in

§é]ﬁ§|@s saw@uffogenahﬂaxeraes;afé lba@éa wilth @tHidhy rﬂrbmiael dHell 4188%ed with
such varriation and fications. he i nvention

aﬂo?@sq% Y RRJieEMigg 2 *B#T‘df%f(’@t%'ﬁ%onsf\@ﬁt 1?6%%3 EtBidim bromigpswas
pradosRamaY mya@fg@rwmﬁas%noap&%eﬁi RB&dnR ihRRiplicates.

“specification, individually or collectively and any

and all conbinations or any two or nore of the steps
igui'(eanw a%rﬁ:&cmdiﬁnglmablllﬁyeffeér&fmeanoainenmndred fold diluted

I%Pcﬁ e(iat | gz:rlaprloggleéa r\]/}nthcItrta%gecli netgng ium bromche and digested with

proteinase K, to enhance fluorescence. Experiment is done in duplicates.

Disclosure of the Invention

General

Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described.
The invention includes all such variation and modifications. The invention also
includes all of the steps, features, formulations and compounds referred to or
indicated in the specification, individually or collectively and any and all

combinations or any two or more of the steps or features.
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wiliun, e ranggn i

expressly incorporated herein in their entirety by
reference, which neans that it should be read and

w@owghegered by the reader as part of this textPCIBG2005/000353

t he docunent, reference, patent application or patent
cited inthis text is not repeated in this text is
nmerely for reasons of conci seness. Any manufacturer's
i nstructions, descriptions, product specifications,
and product sheets for any products nenti oned herein
n,any docunent incor orated by reference herei
Eﬁ‘éh E‘s‘?”i &P EBF2t BY eETeIaBPH'PaBg)“ r ¥t BRISRE Cited g Hﬁ‘i/teXt is

BRpres3 MRebdratetiNferbinan ith&ie effi rei)hSy 'ré\‘\éﬁ{ﬁcboﬁlhlc-ﬁhﬂeanshthat it

present invention is not to be I'imted in scope

§'p@&qi fiec readhaed reRsidewesky ithdeadriras partupi tms a@@ That the
bO& IR Ore r{?&n&i‘ %aﬁ#{t Bﬁﬁlﬁ:a‘ﬂfm %?(th%h I(:)I‘ri mjf’x'tﬁ@ t8%i¥ not repeated

Functionally equi va products ations and
imethisdepd l%\ﬁ@rfdyéizirTBQSqutQﬁpﬂnQIMGQ&ope of the invention
as described herein. The invention described herein

may i nclude one or nore range of values (eg size,
£BY SEnufagtyrens EﬂSH)JCt'%Sr gmlpts@nwr%@t fPeqifigagions, 'and product

sded $droas hR)d'uBt%l MERticHd Nabmesr i Ay Bo&h}ﬁeﬁtaiﬂg&porated by

i ncl udi ng e val ues deflnln% t he rang and val ues
@d?raaemtherejn,t Aee r’@f@}y epeergted cherging Ry refaiencs; and may be

éﬁéﬁ@gé@m b'dﬁ.@soﬁmn%@eem as the val ues

acent to at val ue which defines the
boundary to the range. Throughout this specification,

'ﬂlﬁlé PESsehhRvVEREHNESndt &6 lb'erlﬁlfﬁte@t |h9Jch§ By thBesp‘é@iﬁQ embodiments
or variations such conpri ses

Hgéql"zl%f@" which a'iﬁ’e'”ﬁﬁ’flf‘@ﬂs‘iobdﬁe t%lfPQﬁsa of pﬁ@mpllflcatlon only.

Flﬂ?dtleﬁél%cﬁﬁva@erﬁtp@écﬁﬁtd MorafatioNs oAt AHheds bRl @IGSH)SWRI% the
not the exclusion of any other integer or group of

$%’P§@éﬂ‘s€ inygntiog a&lcgeécrr‘ﬁﬁde@r?'ﬁat in this disclosure and
particularly in the clains and/ or paragraphs, terns
uch as. "co sed", "conprising' and the.
i B o SHRrbiE Rerain il el BF Qb w T8 rpooq i yaiss (edSize
&Qﬁ:enﬁ%tlogN\etc)? A lrar’((jdeeyf Gawesmmﬂb Imﬁbwﬂtﬁﬁddto t|1nclude all values
|nc ed", Ui u the |ike; and t
ol Sl S e SAbes. kY altes Sdiatent to

tae san;e whitly le2id tbaivesahe oﬁmtm@ﬂ)‘sm ek batcbensithe values

Pat ent | aw, w for elenments not
ey aced oabetae Wit faten bRbrgadiie hergnae.
found in the prior art
Throughout this specification, unless the context requires otherwise, the word

"comprise" or variations such as "comprises" or "comprising”, will be understood
to imply the inclusion of a stated integer or group of integers but not the exclusion
of any other integer or group of integers. It is also noted that in this disclosure
and particularly in the claims and/or paragraphs, terms such as “comprises”,
“comprised”, “comprising” and the like can have the meaning attributed to it in
U.S. Patent law; e.g., they can mean “includes”, “included”, “including’, and the
like; and that terms such as “consisting essentially of” and “consists essentially of”
have the meaning ascribed to them in U.S. Patent law, e.g., they allow for
elements not explicitly recited, but exclude elements that are found in the prior art

or that affect a basic or novel characteristic of the invention.
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or that affect a basic or novel characteristic of the
i nvention. G her definitions for selected terns used

woerogiossdnny be found within the description of PET8G2005/000353

i nvention and apply throughout. Unless otherw se
defined, all other scientific and technical terns used
herein have the sane meaning as comonly understood to
one of ordinary skill in the art to which the

i nventi on bel ongs. Det ai | ed Bl scl osure of the

i nvention The present invention provides a conposition

SR fefinipnsafaiy epleefer feamsi esadl AREPIA MRUOPDTABRG, within the
i?héh Al lﬁ%mf?)ﬁ V\.#oogppﬂ&?r% /N HRGREwise defined, all
escent signa en ex0|te y ‘an energy source
oﬁnpab:lcenbﬁc érdi tecigjcalhterms ugedpheretn. have g sanife meaning as
E&)rﬁh%gl:yyurﬁﬁ?ﬁoé@w%nﬁ Fo:’dfﬁ%QP%Bﬁ ‘?ﬁ“%ﬁe %Ft {oh\‘fvhi'ax%é’gr‘ﬁlennon
part es Ih a conposition C al ni uor oph
belhageces the fl uorescence signal of the conposi tion
when the fluorophore is excited by an energy source
capabl e of exciting the fluorophore. By "enhanced" (or
Deuzied Disglosore Ofghdfavestimnt ") it is meant that the
presence of the hydrogel particles, in addition to the
fl uorophore, in the conposition results in the
Time presentyinegntioherévides a sompositign gorabrigiegies bydrdgdyattivee and
? ;ﬂ%@éﬂ&r’gg@g&gnn@al cgl%ﬁbsg‘.ltl(?ﬁ]ﬁ%dh@ees érpgﬁ c@é flggre%cent signal
wberpexcﬁedlgyiahesnbrg;osawd:mc&pa@mfrmtmtmgmdwf}«mrqgujre
particle. A hydrogel is a water-containing polyneric
network. The polynmers used to prepare hydrogels can be
lbé@éostmfisawghage@‘n yowtd Hshdire presgpee of dbe thydegehpawicles in a
y [ r :
acry Q%Hd{@'?émﬁ a%rf&oﬁqgﬂfém%%ﬁgﬁés : ur oéﬁqg lgggl 8f the
ganmpdsitiehcwhen theDfluotopbeiedis, exgigd l\bWianyqanqgmspumeu chapable of
t Res: cl are« "
FAFE R I Rbre | RS PRAT CkARSTReEF SR Eahb) 1 s
reandtthetdhe pmsence\pﬂ\lhe inydiogebprastitlesndn pHditionlto the ﬂuorOPhore in

) tﬁ?tﬁg%ﬁhgglﬁg‘l lse(sﬁl'té’nletﬂwmt y(ﬁ%‘?et ﬁ)or%%wé ?@ﬁal generated by the

acryl ate, divinyl'b zene
mnm&lpylbatr@ grPaher thenetbe cmianatysﬁ Ebfhmfrefrqeede bignalodetrivad from

I t al
EoRIPERLE conPHElngtng 1uBlsbRol B S RES BarPBo5s)
Pol yneric Materials: Science and Engi neering 90,
B3afRR) i9Ta RA¥MBSntaining polymeric network. The polymers used to

prepare hydrogels can be based on a variety of monomer types, such as those
based on methacrylic and acrylic ester monomers, acrylamide (methacrylamide)
monomers, hyaluronic acid, vinyl alcohol, D,L-Lactide, and N-vinyl-2-pyrrolidone.
To form the gel, these monomer classes are typically crosslinked with such
crosslinking agents as ethylene dimethacrylate, N,N'-methylenebisacrylamide,
methylenebis(4-phenyl isocyanate), ethylene dimethacrylate, divinylbenzene, and
allyl methacrylate. Particles can also be formed by coating a hydrogel layer e.g.
pNIPAM around a core of metal particles e.g. gold nanoparticle (Kim and Lee
(2004), Polymeric Materials: Science and Engineering 90, 637-638) or polymer
particle e.g. polystyrene particle (Dingenouts et. al. (1998), Macromolecules 31,
8912-8917). Hydrogel particles can be formed as small units of crosslinked

monomers.
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particle e.g. polystyrene particle (D ngenouts et. al.
(1998), Macronol ecul es 31, 8912-8917). Hydrogel

w@a00ri¢39exs can be fornmed as snmall units of cr oBGT/BGRO8000353

nmononers. The hydrogel particles of the present

invention are preferably fornmed from poly N sopropyl -
acrylamde (pNIPAM. More preferably, the pNIPAMi s

pol ymeri sed with the copol yner hydroxyethyl acrylate

to form pN PAM co- hydroxyet’h1)7|‘ acryl ate (pN PAM HEA),

t he copol yner acrfyl ic acid to form pN PAM co-acrylic

He hyqraag!maricles ofdhe prrsepbiyentibrara IPrsieeahhiormed frgpmpoly N-

@%%@%ﬁh?g@ﬁiﬁm { b RANe RAIrABtY ARL PRIPARRIES gglgfngrised with

uns mers, such as unsaturated d

henepnebigtehydro weacndeg toofarmt PYIRAN-codsrowatiyl acrylate
@WF‘RL@I-III@A}, hﬁlep@%&‘?%ﬁo'ééﬁﬁik bagkRPIEm g;Seng%%r}‘gG-%rync acid

eact i ons.” Such functional’ groups 1 nclu

@NIP AN yar hlyejrmgalyrmfd atlytiabing | tof fan i pNEPANraoeallylamine
@RRP@I(AQ fa'rr?iné | ngoﬁ{erruﬁﬁégtﬁr%tedo rc%ﬁgl&ﬁ'{%lrél ’ s&&e J&V %Q%Lated

article’is a“hydrogel nanopartic n—’ohe aspe
dduble beadtmomomeérse ngyd begesedéo tintoddese f fonoticnat g@rowpsd&d the

AT oAb, TRl B! o Bt roups
iptloge baire, Buffdraydrg ahydrexyl BB&)carbbxid fﬁhbﬁbriép@t‘b@@ cétn_dtdw@maﬁc
Interact.l on

buf f k to th Ki,l | . Th .
Btk Sl Fipresmoiy e S HIooBLRATR b o RobiArEpa e
buffers can be determined by routine trial and error.

| j , .
30 TEPoEa e Bchibt B 3Bkl 13 ol susponsion
ip ar ltquet eedian dPréfdraldy ethie ligojgoingdiaris tchpsen Giom thbdishomoprising

t . pLty.
Phet 15500 HIRG SR P REE KBt N pgpom 1
the skittecepersored Thy irttéractida ancestapiblysd ydwigebparticles imea eanibty of
et o BraBe by SR ZRE rroFn D of iy it promes in
fH ean dgdite aaigrdgatipe raatdivresreaipitatont be theohwgdrogel padiales and

BTN T M N L A e —

Howdveh the apphpriat byffbr golli ddpolyheer aompttniohahag be determined
oo SR P P PR B | v
pNl PAM copol ynmers may have different LCST val ues
ﬁi\%pﬁ%jrw& Bgrti'i:lé@ Wit W%Brys a’fféce(dthe fluorescent intensity of the
fluorophore at temperatures above the lower critical solution temperature (LCST).
The LCST is the temperature where the hydrogel particles abruptly switch from
being hydrophilic to a hydrophobic structure, resulting in a phase separation. It
is well known that, pNIPAM exhibits a LCST of 32°C in water. pNIPAM copolymers

may have different LCST values depending on the co-monomers used.

Whilst not being bound to any particular theory, we suggest that the increase in
fluorescence intensity is mediated by the phase transition of pNIPAM-HEA
particles. Hydrophobic microenvironment inside the particles above the LCST,
may increase the fluorescence intensity of hydrophobic fluorophores, which

possessed a higher quantum yield in a hydrophobic solvent compared to

water
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Whi | st not being bound to any particular theory, we
suggest that the increase in fluorescence intensity is

worew7as3®® by t he phase transition of pN PAM HBACT/SG2005/000353

particles. Hydrophobic m croenvironnent inside the
particles above the LCST, may increase the
fluorescence intensity of hydrophobic fluorophores,
whi ch possessed a hi gher qan%un1yieId in a

hydr ophobi ¢ sol vent conpared'f0 wat er The random

atterin fraomt ] d suspensi ons of
5’3\80@9%'?‘%;93&?”%&19 8@“%Jf°&" il&g SHEPENSIONG ¢, np'f'WéPM copolymer
Pasielye thdy ul@beﬁnagrweolerihan@ecm%?ved hu&@§cé®60ér¥r%ﬂcement It
t hat random scattering of fluorescent ht fromkiton

PER ERnTIRFdrteRy SRR " eeatietingsef (fluocgsora tg dighkri fkerar kiton red
B2OMGdioRPorbpy Ceilo§E @dPtﬁ@%r H?xt@fé LBEVEARELEST of HRC, leads

fluorescent 1ntensit random | asi ng. Li near

R BY Rgreageoin f&&%@@ﬂ%ﬂ@@ﬂﬁﬁﬂdmmﬁmpéa&%l LdgeaxrtdPC polymers
b

AR NS PURITPEPBAE e PT ELGUEED oy o

8489 . altrerioual naindopuaiaders e thisawbndyvese fabn@&t@mmamly from
Efi%?@eﬁ @g%aﬁ?& s f&%ﬁe{ﬂﬁgfe@%?@ggﬁﬂaﬁrefseé;é‘ﬁé’%5 Cao H.

WIHPQPM@& e} Phntboigsl démrs stoea@9%h namtgms)hr@y ofhet hiton red

h t
b ey 80 6 NGB B bRl anc
fuerescrtegnhanee prees bytd ;actz?remﬁ 16 ifelds, a level comparable to the
|,PAM I system

EAE SRR S BDLEALSON B Feghl: BRmflhelsSermppere rieav

ct;wlymé'iifsb/smrrescer , or "fluorochrome" are used

interchangeabl y and bear equival ent neani ngs. The term

“fl uorophore" neans any subst ance capabl e of
As wspe dEreigaftarhthe fesma “Sudreplagies ‘fiharesesrittdye”, ‘ﬂuorescer or

@ih@r‘&{:ﬁr%%g% bgeoeiﬂf‘efr@/ar@%?ﬂxﬁflﬂ be V\E %L?’Y Ignt(%ﬁ g‘h? ferm

wavel ength (‘eni ssion e su
fiuprgpherst eredng &il‘&dsmst@meottapabm off EBJcafaascwmvtbhiersga lBubstance

PO LA Ry B & 2 PR feiolfesion
Wﬁi\@dﬁr@ﬂﬁo wbenr thieeisubstascidh g¢ alhlmematddatbyam:hétiamoroﬁpmmlwent
BB o TR Y S A PSPl So terppors
twnpdgr@oam %lbptaﬂcelglntrmswf fluoyopipites e@fentmuubbtances that are
fluiorophores themselves. Thus a compound of interest may be detected by
attaching an extrinsic fluorophore to the compound and exposing the fluorophore-
compound combination to an energy source capable of exciting the fluorophore
such that the fluorophore emits a fluorescent signal, or exposing an intrinsically
fluorescent compound of interest to an energy source capable of exciting the

intrinsic fluorophore itself such that it emits a fluorescent signal.

Exemplary extrinsic fluorophores include but are not limited to those listed in the
Molecular Probes Catalogue (Invitrogen, CA) which is incorporated by reference
herein. Representative fluorophores include but are not limited to Alexa Fluor®
350, Dansyl Chloride (DNS-CI), 5-(iodoacetamida)fluoroscein (5-IAF); fluorescein
S-isothiocyanate (FITC), tetramethylrhodamine 5-(and 6-)isothiocyanate (TRITC),
6-acryloyl-2-dimethylaminonaphthalene  (acrylodan),  7-nitrobenzo-2-oxa-1,3,-
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conbi nation to an energy source capable of exciting
the fluorophore such that the fluorophore emts a

WO bawonecent signal, or exposing an intrinsi caPCHSG2005/000353

fluorescent compound of interest to an energy source
capabl e of exciting the intrinsic fluorophore itself
such that it emts a fluorescent signal. Exenplary
extrinsic fluorophores include but are not limted to
those listed in the Ml ecular’ Probes Catal ogue

| ted b f
Herer i enpadon (NACTC 1 T cPBpRbr SEomAer udwait - miaon,
eabokyrﬁbdaﬁﬂné BA YR chloras Lbssé’a%e ,%aémknecbl gmfo@lﬁl chloride,
(i odoacet am da) f.l uoroscein (5-1A
%ﬁ)ﬁﬁﬁ%@%eﬁqlf@]yl §Blpﬁ¢@,c§@ﬁg% ( Faphtiyalamine sulfonlc acids including
B@tt rrﬂﬁ‘e'ilﬁ?ﬂa& hegan ﬁm%né;?rﬂﬁ’alérr]]é Bss%tf&h.e%eﬂat@\n!sy'aﬁ@) %-(p-

acry oy di I’TEt I am ' nona I ene %acr

mlmdlnylb@@hmle@eo’&qg.ll nicgacidi ANS).- Antjroyt fiatbr peid, DPH Parinaric
Q&FDT% P‘ﬂthoV%gP @gyds?{ L%Légrggi ?h@%haﬁd)ﬁleté\grrﬁ)lﬁrgme,

car’boxyr hodam ne ori am ne
Bexasl f @dyﬂhoshihaildNManMBe ReElyresull-rﬂmWatldwnfmhneie, Fluorenyl-

! h h f di .
TN T R Y
5‘A945%lrﬁi7‘$n5pfﬁtm/lp)myl]ﬁyif34hmmnapht belagtiee- 2- S(Né[ﬁmylc aci styryl),

%ﬁ%ﬁ?ﬂﬁﬂtﬁp béﬂ‘?gﬁ?rt"%‘ f)(ld%chP g_B PaZ[I nglrple%ty? amlnostyryl) -1-

ﬂﬁbwﬁ?fp@ﬁ@lﬁium ph@sm:a; @ybaba@mb@mla@ Cﬂ'-ﬁmydroxysuccmlmlde
hosphat i dyl et hanol am_ _ne
@yég 105 rr@gpw |89g [R-125, Thiazole Orange, Azure B, Nile

Eﬁbé‘or/ﬂ WhiaksdyaainedYbgdid ne, 4NE6“@|§MﬁdlthLQ pHEPylindole (DAPI),
| )-4-[- b-[2[ (di- nbutyl am no) -

- (3- sul fonatopr
'é PHay ].H$¥pdl nlaﬁﬂﬁ“B%t ai FangaNap Htidiugs y r emodimer,
ﬁ(e@wdi&@ér@&wlhBihQQJGCméMY@nM]ﬂ,Lﬁﬁi| ﬁQﬁE)(ﬁﬁr)a»Z Calcium Green,

nt¥ am nostyryl)-1- net X di ni um
D)SL p&]sbfx BAPd Ao g@gpq{m dehyto uors Coronene metal-ligand

ot g, B o ot gy, o

- figorpscent proteji, ke Mgﬁﬁ:@@é prc@ggxcprﬂ'@ut@ntgs@nd derivates thereof

6- di am di no- 2- phenyl i ndol e (DAPI) Hoechst 33342,

or ridine ora i um ho | ey, . -
N SORBIEE A% SR RG9S iore BaHoRS SRR, o e elggmerising
dividRm2brofade; isybh greee N, andafubesteiNARF- 6, BAPTA,
coumarin, phytofluors, Coronene, netal-1igand
conpl exes, various type of gquantum dots and green
dezmesemtam'atinpmei:ceﬂuqrommrbsmeludd Uor esample, pnrgﬂred: ru:pmpednds

l{av}f\%rgr%%atlc rP%r Ottr%cPUreso mclucf ing St ﬁgtdhrg?erd Yo y?osme %?gphan,
phenylalanine (and proteins and peptides with these amino acids), NADH,
NADPH, FAD and vitamins. Additional suitable fluorophores include enzyme-
cofactors and lanthanide. Purines, pyrimidines, lipids, fatty acids, nucleic acids,
nucleotides, nucleosides, proteins, peptides, DNA, RNA and sugars may also act

as intrinsic fluorophores.

The fluorophore may be conjugated to the hydrogel particle. For example, the
fluorophore may be linked by chemical bonds to the amine, carboxyl, hydroxyl,
sulfurhydryl, and other functional groups found on proteins, peptides, sugar
groups, etc., which themselves are then linked to hydrogel particles using similar
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For exanple, the extrinsic fluorophore may be sel ected
fromthe |list conprising ethidiumbromde, sybr green

waangd4¥oraior escei n. Representative intrinsic PCT/SG2005/000353

fl uorophores include, for exanple, organic conmpounds
havi ng aromatic ring structures including but not
limted to tyrosine, tryptophan, phenyl al anine (and
proteins and peptides with tqgse am no acids), NADH,
NADPH, FAD and vitanmi ns. Additional suitable

fl ugr ophores include enz cof actQrs ,and. | ant hani de.

P IoB8r i85 b Glrep e AT SRS S Sm BN SR paics may also
dn diedntr! iRt hj@sgeinpatres G8H. fR6RPAbRS, PEOMerdRSthods of
DNA, RNA and sugars may al so act .as intrinsic,
fqoﬂb{géﬁ'i’ﬂ)P%Qt.heﬁ"%ée ?’P’ﬂ%&l’cﬁiﬁH‘SF EVREPI O BBRjraRIsiBly. 8 dlupraphore
Rt P BdrofélipatifdicCarepdll oA B! tBe skiféd E,é,ggﬁ_ophore may be

| i nked by chem cal bonds to the am ne, carboxyl,

hydroxyl, sulfurhydryl, and other functional groups
finerfidiousphpredingly Ao Resodiatad witie HYHRIGRS paBitie.by thé Fdlbwing
th | ves are then linked to hydrogel particles using
SFH'PSE f uncti onal groups or other functional groups.
Streptavidin/biotin pairing may al so be used to link

h I rticles with fluorgphores. her t hods, of .
oo (DB AR ki aPhibdate 4R AGRE Bornahorede Bruiits Bartci
non-re}lglerfhbrleyceia Ei;aibigpydlmt” d@ wWilf hr@d_n%d\ri?lge;br\lmmh -Bigmine
are we now to .t he. e er son. e uor ophore .
my at QR R vl e DR GToHRIPTEEENt S AThIES fyrming a
t he fecdvalent bgndithdidsreséen). Coval ent inking to

conjugate an extrinsic fluorophore to a hydrogel

particle (eg. fluorescein isothiocyanate will react
wi t(h) Gatrgagitizd bxtrinsic Mleorespentydyes ipsidé ited psrousihytraghleparticle

bond (6Bt Bk ERERecr e ars b SnblhEdafef B ZpGied inse
f | uortbs paricledydth therliiatephdre npbbeing coyalenitelinkpdrd thel particles.

. | R [ . d fl h .
be e o HyBloREbis, Spmcbic BRf SHSGP e R PRF RS RuFBemving
not bmrticde do\pédoedtihya Isohiien. Ae thegapituids edazh. thEMELCST, they

- di ff i dl h .
1 oo SRS S RludtorStS Fodt pdrBRee, 18 W8 sgdustiog in the

As t hearide Hiaoleter atétatlCSThei r LCST, they

(c) Carrying the fluorophore inside hydrogel material (eg. cross-linking a
‘network of hydrogel particles to form hydrogel material and allowing the
fluorophore to diffuse into the material overnight, through a concentration
gradient. Since the fluorophore is not covalently attached to the hydrogel
material, it will diffuse out upon placing the material into a liquid medium.
However, upon encountering degradative enzymes that break down the
hydrogel material, fluorophores will diffuse more rapidly from the particles
because degraded hydrogel material has a bigger surface area compared

to a large piece of hydrogel material.)

Alternatively, fluorophores may be associated with the hydrogel particles using a
combination of two or more of the above methods. For example, a fluorophore

may be added into the reaction mixture during cross-linking of pNIPAM particles
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excrete their fluorophore |oad nore quickly, |eading
to a reduction in the particle dianmeter at its LCST.).

W@ 2007/0#3973i ng the fl uorophore inside hydrogel PEI/&G2085/000353

(eg. cross-linking a network of hydrogel particles to

form hydrogel material and allow ng the fluorophore to

diffuse into the material overnight, through a

concentration gradient. Sincg the fluorophore is not

covalently attached to the hydrogel material, it wll

di ffuse out upon IaC|n the material into a |

Wi areteing viile rto uq-,rah Cé%%%ﬂ'fﬁgeﬁ Ky Eegpzﬂfeﬂp%eoferﬂz%@@ 3-
hﬁéth%eﬁ%ﬁ@m bmohm'fdw eetom;it eDepbndihg WH A @rBture and

will diffuse nore ra romthe particles because

medfcstie dWRight ogfelthera ﬁ)wpmorﬁagn% theg geassdinkingc ehamisdry, the
A? ?ﬁ(ﬁgé Beb Q%Qhe&o%a%?]%mﬂ[g&g% fifat @?dr@ﬂ;el)mﬁtenﬁl and

atively, uor ophor e e associated w t
tigppasgin theairtiae | ans u1§¢rﬂgar@plecamcmal:oroﬁx@mmev\mﬂmdlunmbmmlde

grfgletgggg 3\%93 ?wg?}egogﬁme tq‘? uﬁ@@ﬂhgse ga?ﬁ :rﬁég’crt %{Ploéa‘?bw groups

into the 1eac m Xt ure
on gusteirisfpeptigen fandNpRIMIPaXA ito] fogwi tovabendt ainite abhds tro the

RN T RoSPERS 1)< eltiuHraE SR seg Shlfioh Bpfafeng poncs -
ae ssine ugitl lneeplaymtaupltmppbann }m\m gh?rr?gélf Fﬁ:g;:l%b mgm?g}?]y@rogel
B‘é@e&ﬁﬂms@vﬁﬁe&fe t‘ﬁ”g emk:dr%/e the hydr oggl materi al
and trapped in the |ntra and inter-particle space.

| . o
% R et R ATERLAT A5 TObEGHE Bt e
@ﬂnyqbngeleoammepﬂ|aﬂmgluanur0pmePA(meMmt&ald ocompesiticii produces an

c
GG RFesllnl WP SHERC B ol el Eheflly el eomaple o
@mtmgvme lethidiuphlyrondde.| yhe ryppge! particleeis hoyelfiecapdy pNIPAM-HEA
ﬁbﬁ‘\/\e and the hydrogel material matrix through
ang enent. In a preferred aspect of the invention,

there is provided a conposition conprising: a hydrogel

ﬂ?é'ﬁ\/éﬂt%n%nqh&ldgbﬁhé'%bﬁ&%@?or he hoR@odition comg(tsmg the

uces an enhanced Iuores ent si
stere 9f:ecambiring ) flapropherieggnd a Urvdeoash papice; omheéw@u $3ichgnethod

%%h%{&é%@aadb&ﬁk?%ﬁcgﬂ @t JrogudbidnRUihaRaEd nabfRstsnt signal when

excited by an energy source capable of exciting the fluorophore.

in a further aspect, the invention provides a method for making a composition
comprising the step of: conjugating a fluorophore to a hydrogel particle; wherein
said method generates a composition that produces an enhanced fluorescent
signal when excited by an energy source capable of exciting the fluorophore. The

conjugation may be reversible or irreversible.

In another aspect, the present invention provides a method for enhancing a
fluorescence signal comprising the steps of: (a) positioning a fluorophore proximal
to a hydrogel particle and (b) exposing the fluorophore-hydrogel particle

combination to an energy source capable of exciting the fluorophore.



10

15

20

25

-carrier an

or pNi PAM AA. The invention further provides a nethod
for maki ng a conposition conprising the step of:

W@ oovio#donyy a fl uor ophore and a hydrogel parti cP@/SG2005/000353

wherei n said nethod generates a conposition that

produces an enhanced fluorescent signal when excited

by an energy source capable of exciting the

fluorophore. In a further aspect, the invention

provi des a nethod for maki g ™a conposition conprising
the step of: conjugating a fluorophore to hydr oge
E&r&’ﬁoé'l”@' ViR SF AR 9" d’rn%’ioﬁwt%eﬁ& greast g‘%@?@p@@?ﬁ”}?ﬁe and

frieatydrs Bﬁﬁéle%e%wcbrfdré‘%Snsér%llghstbgéé%h Mﬁ&ﬁo allow the

excite an energy source capable of excitin
hydiegel Cée torgehansig) thgaituosepcaal sigealr efibe Jlusrep re when the

flﬁJrSﬁ/rgj;rg 'isgéﬁn:gctac#] B)é an %bggdxh%ﬁﬂ%céapabgeof%&@ﬁﬁ thd ﬁl}b‘?%ﬂgf@

provi f clng uoresc nce si
conprising the steps of: (a) positioning a fluorophore

P éhd é@e& Qhé‘ ﬂbélr@bﬁ&%' is ﬁé\ﬁ&inrﬁ:} @le@%r&%& paitieRs ioRGs E&ﬁugated
f1 uorophore- céoroe articl conbi nation to an energy

Raupd t%ér&a*w qsf pastigie: i g hlwans PuUBPrigaion ey be reversible or
lrrE(/é’r)éibiEi' Aitern'af?véi’;? QK& FlubYophBre ﬁ{aﬁ/etpé BBUWBF mcohforé d into a

meant the fl uoroghore and dr oge
la\fc@éogabumaiten@l orThaise theafluerapiere tnmayeahﬂw lomréerateﬁ mto the

BoEAOE (PR Te AR bE Gl bR rhpp oo

excited by an energy source capable of exciting the

AlteiRatRBRO e dfnth@r\‘ﬁ.uo?éxﬂﬁﬁé orttl‘i§ Wdlc&je@%ﬂfcﬁa nfay be free and
touchi ng_ the hydrogel parti conj ugat ed or

%WFH'%%"Q%CWGF Sarkinerainer &itee ﬂW@PBWﬁdPTH‘g’ gagel particle may

5O PhrHEIS fid RN rmwsb@agee\n% MR Qo .ﬁél@a/@sr ﬁiebétsp of: flowing the
Alternatively, the fluorophore nmay be bound

G PRI e 6’99 RRRQEEt PASt ta Emmoliers Comgonent. For
daHIOPIHT QubB h&% {50 bBOfIGLEY ﬁd%‘é@dttlﬂg ﬁﬁﬂ%@lhéég(@ﬂﬁr%gel

t hat bond the drogel particles 1nto a hydroge

nAatiees. al o aid)in @pwmt @ﬂyoroeh@edhrquab the appasplisr @edwoméore
MO BRI gﬁﬁ hghﬁd'@)’né?eslfdh% \iier, g bre&lhélni t%bie'éﬂ) eflt.

ot her of the fluorophore or roge
particle may be immobilised. In this case, the met hod

lal 61k Ie&@.lnwéeahé f@rﬁéreﬁombnsmdt; wﬂmgrddheré:aﬁéy elbw over a two
| SI ree CoO en as
RPNt pfacecoRAdaRe NcoTin DaROp RO ASEIddSo g two
diREsa6hdl mat burauRi hhyg afeMutNedd8bmprise hydrogel material which may
be coated in hydrogel particles.

In another example, the carrier containing a fluorophore flows through a porous
three dimensional matrix comprising muiltiple hydrogel particles. The three
dimensional matrix may comprise hydrogel particles embedded within the matrix,
or the hydrogel particles may form a film surface within the pores of the matrix.
The three dimensional matrix may be constructed from a material such as

controlled pore glass, or may be constructed from hydroge! material.

Hydrogel material is formed by crosslinking hydrogel particles to form a three-
dimensional network. PEG, and salts such as aluminium acetate [see, for

example, US Patent 5,069,908]. A variety of small organic molecules e.g.
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particles. To aid in flow ng the fluorophore through
the apparatus, the fluorophore may be provided in a

WO p@alogBocarri er, such as water, PBS or other sPCT/86:2085/000353

solvent. In one exanple, the carrier conprising a

fl uorophore may flow over a two di mensional fl at

surface coated wholly or in part with hydrogel

particles. The two di nension flat surface may
alternatively conprise hydrogel material which may be
RA4rS clies Inanther xanple.  the
gar ri gjre hgd ’gg r%ﬂ)ﬁlaagi% )?éUOétgpﬁ%rll &9 g’\?/suﬁ gﬁosé""k particles
psiethes. Qiheremethoessf makihg mdrobel raterisis Sinaeid Mgl \Ialnﬁh@hydrogel

e The e di nensional matr may
B o Tl s TP el earauiats Rmie to e skied
paitspnx, or the hydrogel particles may forma film

surface within the pores of the matrix. The three
di nensi onal matrix nmay be constructed froma nmateri al

e leress-liosagesochrdistobe ggnassded uslnga@brb@omﬂﬁsédchcéﬁﬁrotems

%TE%?S(F %L%ﬁ)%’hydr oge*feabfa%qjéﬁﬁw‘gg}f’gﬁlﬁa@'es 4:4214° 1223]ya”d

polyssaedhanziesisonilas mekinar [‘SeeFTEEexaiﬁﬂeSﬂbrﬁ @Lﬁmtr@% et al (1995)

DB E] AR G A7 pe Shed <1 ) Zasoas w08, ipics, fay

zmlcgs dipoprateihsleDide an@ﬂkl&AOmﬁﬁa’ch@ByeAd%rﬁa é‘tﬂ&l)ﬁ' &3@0%%03&

to, cr i cl es together. (lher
'ﬁ%ﬁn@aﬁy”a o g,cﬂ F%bStr At O SnAYMearallows fﬁ?dfloﬁg@ﬂon of
mmusltbhtemaqnble mrmayn Gb\Mn @eléﬁtu@é@ bgrrw 58lcBHR! 'Egi nt&'dich as
he cross-| ages

K to the %{FGI | 1 ed person.

e@&ﬁp%’l %?c?eB IingsRer 8”‘&!%?%?@ elsnWbishdRossershsemiepe speaificity.
Thiealiowisthe oraabe of KosroHRigéI2R93al.

Bi omacronol ecul es 4: 1214-1223] and polysaccharldes

such as dextran [see, for exanple, Van Djik-Wlthuis
V) %atar@tl%ﬁDCaMaanﬂﬁﬁOQGM%B A8 &3 1a1) 6372, uDerABRUE 42t 903

8l.. |ipids fatt aci ds,
*a%'g%ir?o e ng &ﬁ\é 3 %9\9[& ﬂ8§se@u|<ggss @5 thde sSetgneously
degiadg iorthe siunmi bodymatSrchatressvinieis daoe tHRnSuhst tAE®sslink

irsBR R RS bRl BT cCha, Rebenrect Sumike our

uarsnmmmeotr@samsnhkqmmse n@ﬂ%@fédet@%sthe%@et Whidbetive

£SS sequence specificity. This all ows
eﬁgﬁﬁr&stl on of bi osensor hydrogel material.

The hydrogel material may be formed of the same hydrogel particles as the
hydrogel particles that are enhancing the fluorescent signal, or may be formed
from different hydrogel particles. For example, a porous hydrogel material may be
formed of hyaluronic acid units, and the pores of this hydrogel material may be
provided with pNIPAM hydrogel particles which enhance the fluorescent signal of
the fluorophore.

Hydrogel materials may be formed into three dimensional matrices with pores by
adding a porosigen during the manufacture of the hydrogel material from hydrogel
particles. Early hydrogel materials with porous structures were generated by
polymerizing monomers around a crystalline matrix and subsequently removing
the crystalline matrix to produce an interconnected porous polymer network. Since
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US Patent Application 20030138490 (Hu et. al.) and US
Pat ent 6,497,903 (Hennink et. al.) provide a further

W@R@3M43973 cr oss- | i nkers that spontaneously degP@HeG2005/000353

t he human body. Such cross-linkers have been used to
crosslink hydrogel particles and bul k hydrogel to make
drug delivery nedia. Unlike our invention here, these

crosslinkers were not design g to be the target of
sel ective enzynes. The hydrog [ material may be f or med

t d ticl the h
S5 S0 B o, WO B Lt o,
oa:e mqrytalseaé tvenpstobigem ﬂlhés‘eepirﬁlﬁtls hy@i@g@lﬁha@nb%sl H‘év%sbeeg used
ar or ous rogel material may be forme
<?F 'H%S%Sﬁ.f%f aliniy GWOf% Ocgen e 66#'@%“%19%9#??@”“9 substrates
yrareig elissiiBé edreaintéfiedd @ nh@r‘émﬂﬂowhbh BRIR Awy(li%géloﬂg{work

%‘a)l(rtl cl es V\/nl ch enhance the f uorescen signa

AEPEShet dhesy dosRls hreiogel analeridly @6 faimeedn iWSo Pat. No.
6lo0Be1 641 DR FHHANW. 51863, 565U RIS éﬁfﬁ?@@% ng a

porosi gen during t he manufacture of thé hydrogel
mat erial from hydrogel particles. Early hydrogel
imbes ealbedinienl, thehydfogel paraElus @RdME hediBEBEMaISRE) Eychegncally

yme mononers_around a crystalline matrix an
E‘?HS@'&]‘L@%’F Gt hipd itA gthe neoreRaueds | 9f; interestt pyhich @re bound the
m@dpﬁ‘cﬁe@r@r iafd RSN Fﬁﬂlr@,%ﬂ\rﬁu&%é’&ﬂ o3 Y}ﬁélj?hedlates that
el materials have

cet Bat time, porous hydro
Bffegi%“ dodke remeavRds o ke Q%fécteﬁn@r %@ﬂ@key@xvale@ﬂwoum That
BOIt G@h@&@act%%‘fr@ rﬁ&ﬂ%’r@cé@f‘%ﬁ?&gﬁ{ot'&ﬁ S51b 3k BIFEJ \éethgec%Rpound

Sbfs as,_menbranes for affinity chromatograp
o IR Aot pySuennsal eadntaresdiate bun@@wlm@)
|ntended to ingrow into the porous hydrogel network.
l.es of these drogel materials are found

P V§“5b’af"e“|ﬂ8”ede "B é@e‘*f%a > S thige. difgensiongls giad may be
raadie fioi8. hyRedgel Materkl 35@3?85 médé ﬁ?b“iﬁ sBMRQSh&Bflfitablb REbstance
%grogﬁ art Ieg and/ or % ro'gI material is

TR ARTS O 5l BAIHRSREe rCa IR IPS ey dempsiriadomn the

_tivot dimessiof st hsudfae D OHNGhet B%efclt UpeRP R;Ofr%?efefe Bfdvided a flat

nsel ves intrinsically fluorescent) or
”5‘58‘? rFéﬁFé’tseasS'[ Fapicrpehi %d’ﬂﬂ%ﬁ ey theaPrevApe u\fﬁfbéﬂwtjplbeﬂand or
ﬂﬂ)etse&lirﬁaﬂlsufgﬂmrﬁdlﬁl’@dehmgﬂl Paklcesb Wﬂu&ﬁﬁﬁorbsma)} Pmeh?low

L reactlve and not bi orecognative (not capabl

H}qqgjmpﬂléu |§%H3wﬁgel particles.™ Alternatively, the flat surface may be

coated in a film of hydrogel particles, or a hydrogel material, over which the

fluorophore may be passed.

When the two dimensional flat surface or three dimensional matrix is made from
hydrogel material, the hydrogel material of the surface or matrix itself may act in a
similar manner to the hydrogel particles and enhance the fluorescent signal of
fluorophores in proximity to the hydrogel material when the fluorophore is excited

by an energy source capable of exciting the fluorophore.

The three dimensional matrix may be a nanoporous matrix, through which species
such as intrinsically fluorescent compounds of interest and compounds of interest
extrinsically linked to fluorophore tags may flow and be both detected and counted

more efficiently. Additionally, the efficiency of single molecule counting as
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to be detected directly or by neans of an internedi ate
bi ndi ng nol ecul e). As previously nentioned, the flat

W@ fae®7dr three dinmensional matrix may be neRET/SGWNF/000353

hydrogel material or may be nade from sone ot her

sui tabl e substance such as glass or silica. For
exanple, silica mcrochips may be used to formthe two
di mensi onal flat surface. ne aspect, there is
therefore prOV|ded a flat suﬂgace such as a silica

cro hi be praovided with multiple island
30 80 TRep B Y S8 R gEvegalyustodhe use of
“Hmobdare@r TRBOAIIRY &inamitdtheny samk diktfe | HHTRRY |nh<§§éhles under
ﬂ%drogel articles. Alternatively, the flat surface

iiQps may havemmsnynimplisgiianspler tmedlieal diggnestics, the
r@é@éc@gﬁlomto%kﬂd fsrd i hB@ 0 r b
passed. Wen the t&o@éﬁlsrreny onal F iﬁ%égc@eg@éfhfoéeDNA
FeA¥eNSINSnal matrix is made from hydrogel material, the
hydrogel material of the surface or rratrix itself may

t jn a.,simlar manner to the hydrogel particles and
gﬁﬁéh@é dimensip(d) raaiEx fpays Payeann gfiingty u@r%ﬁﬁﬁ’tﬁ'ﬁéﬁdﬁﬁules or may

ARG MBletilet iccbRINY & 696! FBt&ahiple, "W 8BrdulSsilica matrix may be
fluorophore is excited by an energy source capab F T
8384 forngjze BEclpsign 6 PREyson FRBSING Rasedi yramsthenrare izasi of the
BMita tt@déteeﬁmma@ @,Pécné@ﬁﬁédbh thBHBKAR < y&bch speci es such

as intrinsical  uorescent conpounds interest and
conmpounds of |nterest extrinsically linked to

Pbmxsog]bgere% wmg&rmm boreveize didigbliohs Asy eet Blﬂ'cﬁé‘éjad from a
Addi tionally, the efficienc

t |
S it Do pamapBegourbig Seltedto duenong | Garmings Vycor

ylassasy (G drerol&d I hore MBS HES, | GPLQ)VePl%/&erQIU%rﬂchae flkps Fhay be
nopores. The ability to quantitatively count singl
3 Q%Rﬁ% ORoihediside %ﬁa%rpob?sac‘ﬁ e'ma'tem@am |t<em1§mﬂaly1q\nﬁ\/@orous

grasses WHkh GahiganmnddokitiBgdegh sHraQ8 Gfhd 8 f ln‘ishsf flugrophore, a
det ecti on of bi ohazard organi sns and new and qui cker

PRIPHD @lassopapie segirdncthele the dydieeek partipes serofitgrophore are
&mbedded WRIhIM MEwWAS dtftid Giaby for specific nol ecul es or

"may filter nolecules according to size. For exanple, a

porous silica matrix may be used for size exclusion or
Cowntralisd cpnresglassésgareume@uytmmfbb QIBES wWithZEBN AN &liface area

%r?ci lpérg volume snze t'I'he é)ens%afc' (])O ﬁwsesteh[goorgg hs%rtr}g'tu e%r cc:)aunS render
them relatively inert to a variety of pH's and solvents. Glasses can be readily
purchased with narrow pore size distributions as small as a few angstroms to
hundreds of nanometers. In addition, glasses are readily available that have been
prefunctionalized for applications such as the chemical affinity of biomolecules

and have even been used as catalytic agents and bioreactors.

In another aspect of the present invention a method is provided for detecting or
measuring the presence of a fluorophore comprising the steps of: (a) bringing said
fluorophore into proximity with a hydrogel particle, (b) exposing the fluorophore
and the hydrogel particle to an energy source that is capable of exciting the

fluorophore and (c) detecting a fluorescent emission.
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"E[‘ee two di mensi onal flat surface and

(Control |l ed pore gl asses, CPLs). Hydrogel particle
films may be deposited on the inside of the pores. As
an alternative to using known porous glasses which can

be lined with hydrogel part[g@q films or films of
fl uorophore, a porous glass y be created, where the
uor ophor e are enbedd '

hydr | particles or ithin,
Thcd fRer Bgtect B i BestriUBlATER rmelbras pradse o dgtecting or
tmpamhbyheigmeﬁc@df glfiasmpRonel dopRiskigome s%ﬁsf@r%)%%g said
re volune/size. The den ification of these
Tiouiiot biiet & b cimepUaniy 15 ERe | GHMISING PRSI thydrogel
Pparddlesi(l) ekpddihg tNHuSiBpNGBIand HedByf?Sgd AhrtiSed %ghl%ergy

pur chased with narrow pore size distributions as snal

a%’“é?eftbw 'ﬁr?@@??'@rﬁi exgiting in Beprophorpannmhia) gledecting a fluorescent
@ﬂéélbﬁm The! t%stﬁﬁleﬁgl%néle@éi'slu)‘faé’é’ ahé %bét%rlélr@%cﬂmﬁ n%?/e% the

prefunctionalized for applications suc

SRENe asdisarspedpbgvesf bi onpl ecul es and have even been

used as catal ytic agents and bi oreactors. In another
i nvention a nethod is provided

spect of the present ‘
3’6%“8@%8?9% EF“%%BP iyentiop pmedhortis ppviged for detecting or
frﬁéé%ﬁgrli)gﬂﬂfe%ré%mfel & udrBshore t%@ﬁ]pﬁéln% G st'%f)’s: R (Hgfléﬁhg said

fluor ore into proximty w rogel particle

(ﬂH§>f°8§a?rss fHgughea m%%ﬁhiﬁee dww@l hyirisgepmpesing oheltiple
d f
uSgematle S5 Aeodipl R38R i iblBbtEs o an

éﬁ?@y i Srgen that ig rqaﬁéb'ea@fp@&tmf thehdugsephwset andentetenting a

Ausrebhrd ehﬁss%rPV'Tﬁg Qhrfe@rdqugﬁﬁﬁﬁdl heath% aﬁﬁ%é’t[ehé‘lgstwﬁl(es) may

Bresence of | uor ophore conpri sing
B o W%aiidlsﬁumdcﬁﬁw{i‘e over a two di mensional fl at
surface conprising multiple hydrogel particles, (b)

osi n fl yorophore and the hydrogel particles to
éﬁ%yftoégﬁfﬁew‘q ﬂ@?e?%“f@aﬁ%r)@ssm%sz fiyorgrhere may also be
f;émed ophaesigy aﬂnﬁln(db)llsﬁﬁtﬂ@ﬁﬁolpﬁgreaarfd Wlﬁ? (éerWdr(?dBI PakRIE over
erial

HHorephose- ndpedwor dimesginpalfiat grgaca sed thissvdimensional matrix

anoinaeiriaP&tARIred mdynse PeaaRRiad AI¥&R5EPBbEvdTEt hod 'S
provided for detecting or neasuring the presence of a

fl uorophore conprising the steps of: (a) flowing said
There is provided by the present invention an apparatus for detecting or

measuring the presence of a fluorophore in a sample, wherein the apparatus
comprises: hydrogel particles, a fluorophore, a substrate and an energy source
capable of exciting the fluorophore. The substrate may be two dimensional or

three dimensional.

Thus, there is provided an apparatus for detecting or measuring the presence of a
fluorophore in a sample, wherein the apparatus comprises: hydrogel particles, a
fluorophore, a substrate in the form of a two dimensional flat surface and an
energy source capable of exciting the fluorophore. The hydrogel particles may be
on the surface of the substrate or the surface of the substrate may be formed from

hydrogel material.
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" por ous SUb

fl uorophore through a porous three dinensional matrix
conprising nultiple hydrogel particles, (b) exposing

W@ b@7/04390% ophore and t he hydrogel particles toP@mNSG2005/000353

energy source that is capable of exciting the
fl uorophore, and (c) detecting a fluorescent em ssion.
The three di nensional matrix and material structures
may be the sane as di scussed,above. The nethod for
detecting or neasuring the b?@éence of a fluorophore
be c rried out us n.i mobi l i sed
TPt st GoUARY PP RPALRS I e Bahd BEmepevd e e presence of
flloepreeones sdmglel WherHimens heprrhtul| ®impHides . AeRIreds particles, a

hhree di mensi onal matri x and material structures my

HOORBOrE A AP ORUSHFURS{T el tHB 4UE Oﬁ*ﬁéméeldémﬁ'ﬁ%‘?”%iéﬂatﬂy and an

hérgh'sBa B cabBNIBIYf leQBtiIRA tHRPRRF SHHfe f Phe AGIBGLI ;Sbgn&és may be
measuring the presence of a fluorophore In a sanple

@ﬂémeﬁwquwfétm)a@rgua subgiraie o5 embedqest indbe ppEausSi Sélbétiatea The
e

E?“@%%?’P?t?e (R PTbNS, RoRle s O Housfke” ARBRRRLEY. the

apparakis danfetectinchplemedbuingstherriesermewsf, a flbenophdre in a sample
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fl uorophore, a substrate in the formof a two

di mensi onal flat surface and an energy source capable
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The present invention also provides a method for identifying nucleic acids, the
method including the steps of: (a) positioning a nucleic acid bound to a
fluorophore in proximity to a hydrogel particle, (b) exposing the nucleic acid-
fluorophore combination to an energy source capable of exciting the fluorophore,
(c) detecting the fluorescence emission, and (d) identifying the nucleic acid based

on the fluorescence emission.

In another embodiment, the present invention provides a method for identifying
nucleic acids, the method including the steps of: (a) positioning a nucleic acid in
proximity to a hydrogel particle, (b) exposing the nucleic acid to an energy source
capable of exciting the fluorescence of the nucleic acid, (c) detecting the
fluorescence emission from the nucleic acid, and (d) identifying the nucleic acid

based on the fluorescence emission.
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di mensi onal matrix and an energy source capabl e of
exciting the fluorophore. Fluorescence can be excited

wWarw7hevext ed usi ng devices including, but notPCT/8G2088000353

to, a spectrofluoroneter having a |ight source and
detector. Light sources can include afc |anps and
| asers. Detectors can include photonultiplier tubes.
Additionally, it is advantagegus for the device to
have a nonochromat or so that speC| fic vvavel engt hs of

sed to excit nmol ecul e det ect
ek foifedt” Bi5 bt TuPregeice ok peoSafighabecause the
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ectrof uoroms d to an anount
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itise deilseinabeblra BbRIMEIAITBM idditb@ig théiRioretiBnce of the sample.
fluorescence intensity of a fluorophore can eb
increased in response to an anount of exciting
Mhds,zd methashierprovided bfigstephining the sehaéike dreiorascently labelled

articl The prese i nvention al so provides
e BHEIhE P Seiutic by e ens of Lisodupialy rarmovied pdorescently
|Ia’mll¢tdlrin@le‘oh@e S(tﬁpﬁoﬁﬁonnﬁg’?\)thémﬁjctéto@&% ng &oQHﬂ{ye ld3 22hjGhogel
ore in proxim 0 a

bou; |
OH‘EF ? eWB?'Hg%Bgéﬁuﬁ'&O{'%P%%I%PEQY&EQWQ gana_b;beh@f exciting the

ﬂ@cbfb Rebi Q) (Béteétl’h(geﬂ\%r QMItt%@WaQ%tISﬁpQM ge)oéoﬁaéﬁﬁﬁr{d tHe emitted
t he fI uoroghor f) detecting the rescence

Eaaton ayith the irendt Y 9fdBppueIoetits- t he nucl ei ¢ acid based

on the fluorescence eni SSI on I n anot her enbodi nent,

h ent _inven p met hod f or _ o
AYaRoff Hisd, Bl B edeiinigo Jnf sHuenes hngleierasids in a
sarepie byfthe Gapspis(al) sequerdialy Fintdviifa ﬂ?ﬂ@omdb lQIB)Oﬁdsrﬂlog the

si ng e nucleic acid

bR B b B St S o

énargy ssreaceapatile bh@xcﬂm@ 1Ak GludfeisBendeCor tREhEALHRS, (ch%etectmg

fluor, eems m the nucl eic acid, and
il TR St Rl AP P elaing e ditem Fdion Wik Gdhuiy of

bginsisiedtidd.n one enbodi nent, the background

“fluorescence is not problematic because the intrinsic

fl uorescence can be increased by about 5 fold thereby
Metthads$ rfgr tSeauaoﬁlaslg temoiigna sirgflé Mucledtidd otdar a nuclesc acid

ucl eic..gcid can be identifjed base
SRR of BF SEIGB ok RRRT Pl S A PGS Spduensa
dlgwoeswmpsnafandlmwacmlc@avél'MS, a nethod is provided
of determ ning the sequence of fluorescently |abelled

The nucleotide can be positioned in proximity to a hydrogel particle by causing the
stream of a fluid sample containing a nucleotide to pass near a surface containing
the hydrogel particle. The hydrogel particles of such surfaces can be thin films or
islands of hydrogel particles that form part of a sample chamber. The exposure of
the nucleotide to exciting energy (such as a source of irradiation) can be timed to
coincide with the positioning of the nucleotide adjacent to the hydrogel particle.
The nucleotide can be exposed to a source of irradiation with one or more
wavelengths. In a preferred embodiment, the nucleotides are excited at
wavelengths below 300 nm, preferably from 280 to about 295 nm. In another
embodiment, the excitation wavelength is near 520 nm for multi-photon excitation.
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nucleic acids in a sanple by the steps of: (a)
sequentially renmoving a fluorescently | abell ed

woesreadrdle, (b) positioning the nucl eotide i nPCT/SG2005/000353

proximty to a hydrogel particle, (c) exposing the
nucl eoti de to an energy source capable of exciting the
fluorophore, (d) detecting the emtted radiation, and
(e) correlating the emtted gsdiation with the
identity of the nucleotide. A’nethod' is also provided
cleic acids in a

far determning the seguence of n
S, PEOGSPREBEME P sirindh vy st uarescence
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(OrdetBng BlfuBldsteheimm¥tiny, @ singl e nucleotide froma
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Tyidr plegaits invaRtort s Catbviake ay agBthodNforn M‘éke%%mgd the Ghtrinsic
?eﬂ'gosmloned,ln promet(¥ to a hydrogel particle by -
UQIERGRyCe REa bigracireye inclyding thessiem Pk (drastioningghe intrinsically
AUSHESsEnt dforhGle BAS Sinn BRYXi f t aini :
hydr ogel part iecl e.mTEexmgfrs(%eaﬁ%g%@ ?lcﬁgglb%? (L)E(;'eﬁposmg the
Q%’W? darPheenaign $quress that iiss| capebleopf hexditingethe intrinsic
AASRhBS of MBIbidrAbIBLRA hd 9f) FutSANR e ohaXRaY emi}QiSn
exposure of the nucleotide to exclting energy (such as
a source of irradiation) can be tined to coincide with

It heillpbei appraciagdothdt hinenpedsent 1idRrieh ameibied ddifning of a
hydr pgel g(?rtéc{ﬁl e. The nucl eotide can be exposed to a
%’éﬁ‘P%g“'Sf Ipcertit: ? JWARgah REHIC!e O rRASHICRIDgER divgirogsl particle

adjpeent &y siedorEbiedh BB f thehfsdbseepiiddnfemse excited at
wavel engt hs bel ow 300 nm preferably from 280 to about

295 nm In anot her enbodi nent, the excitation
Teevterrerigiomoiesuled ameBBanynoaiosn baseidi mpleotilewccurring in nature or

AR 8 BT SRR P 55 5 T

I NCr easli ng
"Actiar Esmemdans| tabebibradiebillerislie cioemi thet b Perfbie asbisRSical

wi @] @ | I.ing a biomlecule with a fluorophore,
‘?ﬁ?’“"éosf’}ag Ve r{%m?hénefaé‘ﬁe ee%'%?@ﬁﬁl"%c’ﬁ?f‘%t PR BrAseP3Ac \pither
naturalhhgrsyothesticaiby théfolecthe (Imel¥ Q96 ca8 pbAGrm a biological function.
é)! H%r orgrbor e- bi qrml.e?ué e . . . .

empla iomolecules include nucleic acids, aromatic carbon ring structures,
NADH, FAD, amino acids, carbohydrates, steroids, flavins, proteins, DNA, RNA,
oligonucleotides, peptide nucleic acids, fatty acids, sugar groups such as glucose
etc., vitamins, cofactors, purines, pyrimidines, formycin, lipids, phytochrome,

phytofluor, peptides, lipids, antibodies and phycobiliprotein.

In another aspect, the present invention provides a composition comprising:
hydrogel particles formed into a hydrogel material with environmentally responsive
crosslinkages and a fluorophore; wherein said fluorophore-hydrogel particle
combination produces an enhanced fluorescent signal when excited by an energy

source capable of exciting the fluorophore.
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conbi nation to an energy source that is capable of
exciting the fluorophore and (c) detecting a

WO bawonecent em ssion. The present invention aPGDSG2005/000353

provides a nethod for increasing the intrinsic

fl uorescence of a bionolecule including the step of:
(a) positioning the intrinsically fluorescent

bi onol ecule in proximty to g hydrogel particle, (b)
exposi ng the bi ool ecul e to” il energy source that is
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(FesRefSsive IcEasglinksate iadeatpdahlenatame degnaded by mtmablaVectm or by
%Hiﬂné‘nc‘% Igﬁul e. The bionol ecule can be in active or
inactive form "Active fornt neans the bionplecule is
in a formthat can performa biological function.

‘ThBagidrohok® ridy FRaRadLientd @\@Dhﬁﬁ%tl i |ap%¥f combining the .

processed elther naturalaﬁ/ or synt
BueeBheeuwEh chn Msireas! np @Jesnmslgr dal crpaﬂmkn@nto form hydrogel

ﬁ?‘e@éﬂfgl aditfutbrP BPL&HE! Rfer! %ﬁﬁe@%@%h el /Qlte{?ﬁét%% e Hf%rby?hore

car on rng structures,
Baydehipgerpoeaied dite thg arosslinkages #at oot dhadydomel palides into

A8 YRAERY)! q‘ﬁﬁﬁ Wit 1h@ecr5]§§%|§é saa% ?g%ad"élat%e?lﬁorophore is

suga %r{oups such’ as gl ucose et
telgaset Gleng piih ifreeshydrggel madiotess , Tlhce)lprgaenne dof ihgdge! particles

Wﬁlﬁh@r‘? tr]és%gﬁp Iepxn%iﬁéng]éJrﬂ 'of RS ﬁlﬁr%]rggéent 5 g?ntafjgft fll?gq‘bjllo gme when

rotern. |I'n ano
th&v@n@noohorpr @/IQJ‘@QS@ donposketergn sanpe i sapaple hofdexdtely the

ﬂ) (&S f 1 th’ dla @eﬂ{rﬁg% Irenpﬁtﬁgeg'ué%logn 8‘% r{he process of

enV|ronnent TES onsi Cross

preparingp$mhey hydnegeélmatsmld f1 uor ophor e- hydr ogel
parti cl e conbinati on produces an enhanced fl uorescent

gnal when excited by an e y source capabl e of
r@ap%a fran@gangé bisubstances such as

ﬁ@ﬁdﬂ@%a}’r?ohyhkt dUﬁ%BEc el?f%ﬁ Lég %@ﬁ@' Bi& rpa@mfeb%sb;?auy

an environmental factor nat ur €
Et G rlw@PrQﬁ@n%rar@xsﬁ\eﬁub«\@oglpalda@cmwigculam@tc Preferably, the

§?¥%I|2%%a%4d@0¥r8h BRoteilS GBofbetRicE. OfMd?}eVBIreife%yly, the
crosslinkers are made from a protein, peptide or polypeptide that is degradable by
an enzyme. For example, the crosslinkers may be made from bovine serum
albumin (BSA) which can be degraded by proteinase K or a range of other

proteinases.

The compositions, methods and apparatus of the present invention may be used
for a range of other applications where fluorescence signal detection is used. For
example, detection of low level chemical pollutants may be enhanced by tagging
the pollutant with a fluorophore labelled pollutant specific antibody, which may
then be detected as the hydrogel particles enhance the fluorescent signal of the
fluorophore to detectable levels. The interaction of fluorophore and hydrogel

particles to produce an enhanced fluorescent signal may also be used to increase
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or by enzymatic action. The fluorophore may be | oaded
into the hydrogel material by conbining the
fluorophore with the hydrogel particles prior to
crosslinkng to form hydrogel terial, diffusion or
some ot her suitabl e nethod. fernati vel y, the

| uor ophor e ncor orated into the crosslinkages
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rocess 0O reparing suc
Hheﬁﬁetg»(md@bldegmdm@ lor railtering theyr $iructe ssuth divatathe sfhugeopbibre is

SUBSLANSET VR Bel OB nE MBI Sttty erpgencs
adi lislrodel ppayplickd s iwhenatie ﬂudsrephdireohogxmxsled to En energy source
the cr s s i.nker

TERASRS SHHLER PR gFTHTS SShb ARRoRh 2R B! e or

tflnerescart . ¢. rdflatoxires; @ Imedearﬁ(reorafaaslng o 15, lnﬂmtcaﬂiﬁﬂmirescent

d
Mﬁe" bt Bt site e 89l o dbnB oA semiaton, sensors
&ad uind ik tousi for (disgostibi mh?@ﬁshbﬁd dmgéﬁéiefdr bﬁonl’glg)lglng chemical
ei nase ange of other pr i nases e
5% 845 % be‘”e?%f‘sf?gﬂbg%ﬂﬁa%ﬁ%%ﬂg@ - the present
i nvention may be used for a range of other

Q’RIPAJ a‘bﬁ |éaQ|Bﬁs M}qﬁg pgésléﬂ{ &nqi'ag uo%r?g h§$ﬁo teth‘é)tcr;haﬁiesantibody—

tection
poligeunt latﬁracttmy, b@ &M cwdstbyn blatipgn gninbeopgiochiemistry or cell

. \éﬁrll?nb% déb}ﬁ%ﬁgﬂﬂ%ﬁi iﬂot%ﬁgérén ﬁjiv@ ol%Ll% eg:tsg%%? ﬁjigfeihgwrga%qnce for

e de
Pateciian. eléoremdaamdfe tmmelkélineoprmphatass sapsttat@fAttoplos (Promega),
o det el The, i nt er.agti on, of
%uorop orlees an ooéals 10353 range and use of%ﬁe method of the

present invention may be able to increase this sensitivity by adding hydrogel
particles that can be supplied pre-loaded with the fluorophore. Fluorescence is
also utilised in relation to Western Blotting and fluorescent antibodies are
commonly used in immuno-cytochemistry applications to locate intracellular and

extracellular antigens.

Another potential application of the present technology is to enhance a Real-Time
PCR fluorescence signal. Real-Time PCR can detect a single copy of DNA or
RNA, but it may takes up to 30 cycles or an hour of amplification before a
detectable signal is generated. By combining Real-Time PCR with the fluorescent
signal enhancement method of the present invention, it may be possible to make
detection faster. Furthermore, other isothermal DNA/RNA amplification and
detection technologies such as Strand Displacement Amplification (SDA) and
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particles to produce an enhanced fl uorescent signal
may al so be used to increasethe fluorescent signal
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m croarray chips for sequencing, hybridisation etc),
sequenci ng reactions (eg real - tinme sequenci ng) and
taggi ng of conpounds and nnlecules of interest (eg
taggi ng surface markers of c? chronmosomal pai nting
etc). Other applications inc ude use as enV|ronnentaI
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of setti ngs are al so conterrpl ated. Ot her applications

; cl | ications.t
ﬁgée lﬁéér}t%f; !:.}{dr%@ %n T g!) (Sélgo péoodglceé@ |§55‘rea§g%ﬁg9rﬁscent
ggmltqangalsq hermo:orpryated letoi fstthgr axrpacahh Bt akanpe. a SVIEe that

t L S rescence
égo i tég@tglﬂgﬁ%kébm Y nE 4;9% ri?tﬁéa%ﬁ wgl q,%a Pfathg hydrogel
walesak dnte, paticlep harsd (r‘éreraeegaf) flubmhsl%n?réédwg ttbe§n| Mcreased

ran and use of the method of
mﬁ?%% sé glﬁr‘?&éﬁt ﬂ“%?}ﬂ 8’& Cal5I BXRFentor @RseoUrpe ©f energy
wﬂb'etqfwcwn@wedﬂﬂhm@wdw d:awﬁéh }J@@r fo tﬁb@e& thléz ?\élegﬁspmb@rugs or
[ e uoro ore uor escence
c§1‘éﬂﬁ’+d|§% U?ra,'Z%at% r% ’r%cfné?rf"@ﬁ sltoer n Blotting:and

Ilsed

_quorescent anti bodi es are connnnly used in

th "EReRMY ‘%Hpﬁ&é?ﬁ:ﬂ‘ gﬁéefgé%pm ‘ﬁfﬁég&tﬂﬁe %noaaeﬁé aoteiﬁ%?q_l by using the

i ntracel I'ul ar race
RpBteah Epraposilinsl <i>fdmdrqg$l particlee apddisierphbec hwoboyye tefﬁn;ie@ature

C | . Ti r |
R oo, e el o s W RERE PeyBoecoplie hictatpbic
ang lrignsifies tbmej@r@gc@hés!goal Qirlhdnﬁumrophoraraﬂelrfelxpeém@mo a source

opgﬁé?t'éﬁor?energy. By selecting appropriate hydrogel substance and co-polymer
combinations with known LCSTs, changes in temperature can be detected by
changes in fluorescence. For example, pNIPAM has a LCST of 32°C in water.
Therefore, it is possible to detect a change in temperature that increases the
temperature of a pNIPAM/ethidium bromide solution to greater than 32°C by
measuring the fluorescent signal of the fluorophore. The LCST of a hydrogel
particle is affected by a range of factors such as the ionic strength of the
suspension solution, the hydrogel chosen, the pH of the solution, and the solvent
used to suspend the hydrogel particles.

Hydrogel particles-fluorescent dye mixtures can potentially be turned into random
lasers; thereby, increasing the field of applications. Some possible applications for
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detectabl e signal is generated. By conbining Real -Tine
PCR with the fluorescent signal enhancenent nethod of
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detection faster. Furthernore, other isothernal

DNA/ RNA anplification and detection technol ogi es such
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LCST, the structure of partic
tR\fAPSSHHERS B la@ﬁfnt?ﬂt@%mfar&sR@n@ng|(thé§%)e¢avu®SgAa$mgjé spore
dengyrél b QRRRESH 8f & %Bloﬁif BP@é’({t@ﬂé M tRisHIAH e ‘?aﬂ& gan be be detected
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Without hieceed fer aerpantjRwibaiionbi nat i ons wi th knovvn

LCSTs, changes in tenperature can be det ect ed by
NI PAM has a

: F
C‘{tgan%e?. in fl u‘ﬂ“&%t %Jg ﬁ?@géggt@‘?p@n dategbaremih ef dangerous
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can be loaded with a fluorophore and incorporated into the bandage, such that
growth of the infectious bacteria digests the hydrogel material, releasing the
fluorophore and hydrogel particles. As described above, a LIDAR like device can
detect the fluorescent signal generated by bacterial growth from a distance.
Furthermore, such bandages may also comprise hydrogel material that is
preloaded with antibiotics that are released by digestion of the hydrogel material,

leading to delivery of antibiotics as the infecting bacteria grows.

A further application of the present technology is the manufacture of food
containers incorporating hydrogel material carrying fluorescent edible dyes e.g.
curcumin, allura red and erythrosine B. The hydrogel material may be generated
with cross-linkages that are degradable in response to common proteases
secreted by food poisoning bacteria such as E. coli, C. botulinum etc. Such
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measuring the fluorescent signal of the fluorophore.
The LCST of a hydrogel particle is affected by a range

W@R00f7a¢390% s such as the ionic strength of the PCT/SG2005/000353

suspensi on sol ution, the hydrogel chosen, the pH of
the solution, and the solvent used to suspend the
hydr ogel particles. Hydrogel particles-fluorescent dye
m xtures can potentially be tarned into random | asers;
t hereby, increasing the field of applications. Sone
| [ iaons _ f om.l.asers include
RBREIRLE 0Bt Sl or Rl hofE Y LI dikrasvics 1o detect
senotiratiandwhiab evill be sjsibis ias @ freegentsighQIcat M6 MBHSRent dye

SR RS Tuihg®! BLAR SoRRRIRyRR Gyforibenkiansioum he

chossinkesmst andwedsin thajugroshae ad@idythaaqugﬂel RIS fhus,
surrt aces

nd _respo pplications, For exanple,

B0 a Rl ol Bho L eees aiio Saavigake daipmsotean bedetected
ane rénovédiidni siespy siegvsgent al |y responsi ve hydrogel

material | oaded with fluorophores and gromh nedia for
the spores. Gowh nedia will germ nate the spores
Examplesct eri a and, as the bacteria increase in

nunbers, they produce proteases that degrade the

environnental |y responsive hydrogel material,
Finther featwigs 19§ dreogreiseplainvéntiopsarambre Ifullyr desedibes in fadollowing

[ ber: el yparticles and. flugrophore can be
lglderflg@? BE%C’FE)%IQ%I n'gt % Ittdagbéer %"Plgarﬁpognqlotqu“’%mthé?gf‘@afmta”ed
dnsstiptione s éxhetadalsblglyi ffort e Idunsosetedf pREembilyRY 8Rd present
. ‘ Lon random | aser and emit a
b Do e DA R e W
deiscriptiop of Hesieverdied dsrset agesbdvet ecti on and Rangi ng
(LI DAR) devices. A single spore can grow into a
fraction of a colony of bacteria in this manner and

Tdetected without the need for overni ght
i ncubation. O her applications include "smart"

andages t C let ect growt h of dangerous bacteria
(gﬁpc?ﬁﬁﬁg Oéwg'f?é’(?ﬁga%ﬁ'leﬁr ax and necrotizing fasciitis on

“wounds. A hydrogel material, generated using

1emy L nsi ve 0ss-1inkages, can he
BRI A, SRR H5of 1955t BSPRBR PR enen
ab_dnd@(gléymem((hl\lﬂm-l-%ﬁmvww qJ‘NIPJL\M-{\Af,e_(J&édJUiE St &OHA were
ro teri re sipg .the

PSS T SRen Y 35 rogBraindls Bhist Areluse pogeenta1eo (Hu
eblahveith a iirdARnbiikeatideyi GsteRNof potassium persulfate, ammonium
persulfate was used. The percentage of acrylic acid by weight in the total
monomer mixture, including NIPAM, was approximately 2.8%. The concentration
of pNIPAM-AA (0.0128 g/ml) and pNIPAM-HEA (0.041 g/ml) particles in water
were determined by measuring their freeze dried weight.

Solutions of pNIPAM copolymer particles using PBS as the solvent (rather than
water), were generated by freeze drying solutions of pNIPAM in water and then
resuspending the dry particles in water and 10x PBS, such that the concentration
of pNIPAM copolymer particles in PBS was identical to that in the original water
suspension.
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detect the fluorescent signal generated by bacteri al
gromh froma distance. Furthernore, such bandages may

W@L®a/0¢39mpri se hydrogel material that is prel oRCESGW08/M00353

antibiotics that are rel eased by digestion of the
hydrogel material, leading to delivery of antibiotics
as the infecting bacteria grows. A further application
of the present technol ogy is.he manufacture of food
cont ai ners incorporating hyéll2 gel material carrying

f . t, £dible d J. m n, d d
RSB ENa AR T afe netleRiSHe Bhed Gang arce of BHIPMA
VHIEA mob;mN:HJAMk/agewdw}yﬁl d@;r@clfbﬂ@;ggm{@jea i:nnvxfage‘-‘rp?@fa%atdh the
C.ONMD. rote secrete 00 0i soni n acteria
JEHSIs Vatlies S7(E) wes “delleiied i uramic dighh S6Akasinge (. Harsing a
emperamediumieablel BRITUSM RiSdREcH ddn@ﬁr%tle{ K sHBY | (BfodkRaven
det which will be visible’as a

ect contam nation, g
f"P%I%ﬁ"b‘g&e nE\'Yg]i Yarnglysed gusing, Greaihaven dYeSi Softwaress EONTIN
fmétAdd.he hydrogel by the contam nating bacteria
breaki ng down the cross-I|inkages and rel easing the
fl uorophore and the hydrogel particles. Thus,
Exatprd pat ed food can be detected prior to | eaving the
factory, or can be detected and renoved from shop
shel ves. Exanples Further features of the present
iGenerationof HydrogelrMateribl y descri bed in the foll owi ng
non-limting Exanples. It is to be understood, .
however, that this detailed deseription is included
blyfrogg! meterial ewpair podhesisst frenmpoiingi segurhaltpmeise(@SA) and
WM i : : in._any a
LRI 200 oBPolhmet pareis Pk R BT hER Sl et HFfodhirolec
fvgarlenss fram kysirogrlnanpparticle Beiwpke [ CGenarRd/éase @f:303-311

. itive submi
O0AR U RRREL ML ol SPRESAE I S ARl abieny. 500
o dPAVEAA (i MaRAV dE o pHilisaNIrfdAN: dbenditBifl 400 i Water. Then,
ugy hesj sed essentially as described in US
‘E‘;t@ an“%& f‘ﬁ% i’B?/“BOGW@)(ﬁEBI’é(Pf( Hetht-34Bydimethylaminbpropy!)-

_cebbdiinsiabl @bc) Fﬂf")ﬁaﬁei@ﬁtlp&hﬁé |\ WeRePSY fté‘ttﬁefparticles and

ammoni um persul fate was used. The percentage o
e fapidly iwWithyy RiReIEt The mikiire ovas incubated overnight at room

temperature to allow cross-linking to proceed to completion.

Example 3

Turbidity of Hydrogel Particle Solution in Relation to Temperature

The turbidity of pNIPAM-HEA particles suspended in water or 1XPBS was
assessed at different temperatures. Turbidity was assessed by measuring
changes in the transmission of a 500 nm wavelength of light through the
suspension [see method of Gao & Hu (2002) Langmuir 18:1360-1367].
Transmittance was measured using a Versamax (Molecular Dynamic, CA) UV-Vis
Spectrometer with temperature control, at temperatures from 20 °C to 45 °C. The

results of these experiments are presented in Figure 3.
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nmononmer m xture, including Nl PAM was approxi mately
2.8% The concentration of pN PAM AA (0.0128 g/m ) and

WQERMOPAMIHEA (0.041 g/m) particles in water wePE&I/SG2005/000353

determ ned by neasuring their freeze dried weight.

Sol utions of pN PAM copol ynmer particles using PBS as

the solvent (rather than water), were generated by

freeze drying solutions of pN\PAMin water and then
resuspendi ng the dry particles in water and 10x PBS,

] .t he concentratjon pNI. PAM. copol yner

163 ebitBL icfeasBanEE PR dhe Bibedsionnukates: ing) haiLoST
v seheesuspensd and fghydroge paativtb2hae oM oind hfdBpRbbit, N8ading
particle size at 250C and 370C of pN PMAHEA and
pRIBAGSRRCRI@BYel particles suspended in water. Data

on the intensity values d) was collected by dynam c

i attering (DLS) using a tenperature tuneable
é?ggg%%% Research Goni oneter System (Brookhaven

i nstrunments, NY) and anal ysed usi ng Brookhaven DLS

A R A T

from bovi ne serum al bumi n (BSA) and pN PAM copol yrer

BHnipied @F AHPAMIHED, Werd NeispBAdeRd irPfwdiliang &P?él 3nd various-

[Controlled drug rel ease from hydrogel nanopar

fenGRsitiedions ofcethidiuin bremidgssided.: Jbe-mpleg 2@ }henliScubated at
Rakent RRRB13%548 o~y .S I ficakd an

Bri ef I%/dmg%'g]p% of pNI Pg]I\%Aéz ?nto\/\gtg%rrm\%%sweygghﬁ |8fs'e1)ﬁdr°gel
daticles-ayssasnence intanwityni FlueresgencetietensisOwat nudasBBA with a

Pl o - -
et oyl e s- %Pﬂ?ngtﬁﬁ?ﬁa%%ém%epcﬁl " ReVEHi (G adVithEdEyeable
teronsragirg eoniiol uieey ingefremanbdet teroperatirg o ¥R .e Exaitdtion and
Binf&Sod aps hth i : Lxture was -

I ncubat edé\g:'l\}éé? | %}h‘tlvezléto %@Wtagypgr a ﬁ]r dePRECHVply, for ethidium
eramide.| Thi rerylts argppieserted iroFigorgs| 4, idbrandBcanpl e 3
Turbidity of Hydrogel Particle Solution in Relation to

Tepperature The turbidity of pN PAM HEA particles
%E‘@gmé@ enhapgedenbet athoimn REemide fluorescence in the presence of

pPNIPAM-HEA particles suspended in water (PNIPAM-HEA/water) at 37°C, can be
observed visually. Table 1 shows the contents of the various tubes of Figure 4a.

Table 1
Sample Ethidium Water PNIPAM-HEA/water Temperature
Bromide suspension

A + + 37°C
B + + 37°C
C Room temp
D + + Room temp
E + + Room temp
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assessed at different tenperatures. Turbidity was
assessed by neasuring changes in the transm ssion of a

wGo®7m9tavel engt h of Iight through the suspenBCDRGIO&00353

met hod of Gao & Hu (2002) Langnuir 18:1360-1367].
Transm ttance was neasured using a Versamax (Mol ecul ar
Dynam c, CA) UV-Vis Spectroneter with tenperature
control, at tenperatures from 20 0C to 45 0C. The
results of these experinents-are present ed in Figure

rupt 4i.n he. turbi dit t he o
ijglggngﬁoér@ i Ed'?r(r?g?ﬁt%dt ﬁlgt Phdlupgascen "Pf@'é?ityr ¥e{eHe ethidium
em@mtdhemhwmmgmhs ﬁ'duetﬂmfmohﬁwes RGN tH ¥iEtHep R2HLH ébne or with

Egrgst chnr %fapgﬁlg%@{e HE?\ 5tfc ellgﬁﬂ p@gf@?m@ﬁm H%&Qvegttgr oand with 1 x

Exhbsp‘rlaiae Buifer edinenpe ﬁmmxlesspt)r With PAMLSFeNsIR & pNIPAM-HEA

d d
SHRBERE RS PV LA PR Compsriog ycpoentratione
|onCthbaﬂ@nﬁiropmoréldr\hﬁANFHENv&a%ﬂ)%I%F& eoe(tv%? )3PE %%QCZB‘% a

deternine the effect of particles on

MR dngrease; th%%wmatem @cﬁqalgs cahbe ohseoresli wyena 95 pg/ul of

e@ﬁg@gﬂgﬂ%eheﬁggg&tgm Al wgﬁ;@mﬁ'me& ethidium -

m{md@ ﬂueaﬁg;engefm@emsltmwpt tenpenationuen bb agRdmately 9 folds,
b@tgl i vvavel engt hs were 254nm and

nm g ?3" |ve gFH‘{a&.Lﬁ brom de. The results

are presented in Flgures 4a, 4b and 4c. In Figure 4a,

E ggment of ethidiumbromde fluorescence in the
presence of pN PAM HEA particles suspended in water

(pNl PAM HEA/ wat er) at 370C, can be observed visually.
Hitdvt of Terdpsraturé BR ALRIN 6

Fi gure 4a. Table 1Fi g%rgmidgegﬂﬁeé{%fg;%ﬁ] atr’lgg%ﬁlg?ésce?ce
fl uorescence intensity versus ethidi um brom de

bodeterinatvihetiser tid dublescsraphephant@fent ofRd: i ggné‘éﬂi@% other
f}%}&r Fé RE with.a stus%teanm on. of pNl PAM H
particl es H NatEPEBRIMPANPISE QSRS | Using) SMPF Horger 1 and

_ Tvbeespéiat eEbtmfa‘tleh aad i evRissioh \Z/aéeléﬂ@@ﬂBS)veﬁH 4‘9'751'%‘- 8nd 520nm

of pN PAM H rticles in | XPBS
BURREIGN PEoA YRGS e o A ind SRS AdorddoEndespectively for
fluntescsint Pmsrrﬁxﬂ DiNYe whak e Eviagr @ppf‘dlxmfeb‘%mtﬁﬁh an insert of
%?%txﬂn V\fkebn 70C and 250C,
a atey 0 ssessment of fluorescence was performed as

described in Example 4.

Sybr green 1 is a fluorophore used in real-time PCR to detect amplicons. Figure 5
shows the relative fluorescence intensity of sybr green 1 versus various
concentrations of plasmid DNA in the presence of a pPNIPAM-HEA/water
suspension. The concentration of sybr green 1 was fixed at 3X concentrate,
diluted from the commercial 10,000X stock. It can be seen in Figure 5 that the
fluorescent intensity of sybr green 1 in the presence of plasmid DNA was
enhanced by pNIPAM-HEA/water suspension at 37°C compared to 25°C, up to a
maximum of approximately 3 folds.
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maxi mum i ncrease of approximately 5 folds can be
observed when 0.05 ng/m of ethidi umbrom de was used.

w@20i7/043973/, pNIl PAM 1XPBS enhanced et hi di um br oP€TI8G2005/000353

fluorescence intensity up to a maxi num of
approximately 9 folds, when 0.08 ng/m of ethidium
brom de was used. Exanple 5 Effect of Tenperature on
Ability of Hydrogel Particlesg,to Enhance Fl uorescence
To deternmine whether the fl udbfescence enhancenent
furt her

f 0 at uor o hor es,
gﬁpﬁ urmen’t 3 vveérg%g' f]pj) r&g&f‘né“'%ﬁﬁ enfeeWas 1endiggeed up to a
fraximesc ef mppEodintbad!y 0ﬂ5afm|d:isefm 33P©gcmwﬂu@%bhﬁ>lé&emh and
tively for sybr green 1, and

th}'ﬁm gﬂ%ﬁ%ﬁ&déﬁ%ﬁt ively for fluorescein. Plasmd
DNA was pGEM 3Z (approximately 2. 7kb) Wi th an insert

i Asses orescence was
‘?{elggpd?féézl gé?sﬁcggug%%)sceﬁc%%gfmsgy Aqvas @E@n@g &yen :,afs25°C
wﬁelnmmihe wﬂtmaledi witlhoue pNIRAVBEARatep sd§ie?@ion were compared

ure EP st the rel ative_fluorescence
agggrh nfrgfl Oéf‘ énﬂ flyotgseelns (Riguieoy At 37 C fluorescence
enhgitiniatiti WAS @\?erp|g'l‘§£fefj tRRA 25“’0t hl‘ﬁté?éﬁﬁ?v: n%e ent of .
tracion of Sybr

NI PAM HEA/ wat er suspensi on. he concen
\’%r@ﬁc‘?f‘c\ﬁ/é'éasf MRERSRAUH vﬂm@ﬁ'ﬂ%\d-&l EAQD BXPES Wa@ msetdw(EFlgure

8RNUENEA
Tt g SamBER il Mt wibod INPRMARRISSHSA ARG, the
ﬁ?'@gl@n}ﬁ/@hd?aFﬁp%ﬁwwav\mgmmmaamm fluorescence intensity
t [ ared to 250C,
O e Tl RSB 0B L MO <cBRAL Fod qure 6
sybr green 1- pl asm d DNA fl uorescence was enhanced up
CompargX idTwa&f !
o L VRSch e G A Bl qump g
%Pdﬂ?@'?q Q8r ﬂ%@@ﬁﬁe'nfa%r@w@hd@ hydregsi tiyorwiiisg with the
2 g\h@dﬁ S I
NI POV vt @F%ﬁ%ggﬁs. ICHiL ‘52% 4 b dﬁyﬂﬂo%,ﬁ Woing in
ingheasiver e HHoraseoRCD INtRpBit. flhdwdaspmerL(Sng)d{se h@)l . shown

_ fi¥orésdein's fshp H@fr&séiﬂﬁﬁﬁﬁaﬁtﬂn@g%mé‘tbev\@ rye%/&ﬂslt%}'ee?o Changes in

t han 250C. Interestingl nhancemnen
hydrogen bonding with surrounding molecules [Klonis et al (2000) Photochem

Photobiol 72:179-185; Klonis et al (1998) Photochem Photobiol 67:500-510;
Martin MM (1975) Chem Phys Lett 35:105-111].

Example 6

Preloading Hydrogel Material with Ethidium Bromide

Hydrogel material was washed and equilibrated three times in 1XPBS, each time
lasting for 2 hours. Pieces of hydrogel material (approximately 10-30 mg)
were dabbed dry with tissue and 1-3 pl of ethidium bromide (10pg/wl) were
placed in contact with the gel for up to 12 hours, to allow diffusion into the gel.
The hydrogel was then rinsed once with 1XPBS to remove surface ethidium
bromide that had not penetrated the gel, and residual PBS droplets were

removed as much as possible.
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fl uorescence was nore subdued when pN PAM HEA/ 0. 5XPBS
was used (Figure 8). Conparing sanples with and

waraonowd7pNl PAM HEA/ 0. 5XPBS at 370C, the sanplBCIBGE05/000353

particles showed a maxi numincrease in fluorescence
intensity of approximately 0.5 fold, when 0.05 ng/m
fluorescein was used. Conpared to water, higher salt
concentration in 0.5XPBS buf% r may shi el d ani oni ¢
speci es on fluorescein and di rupt |ts hydrogen
h h roxy r I ng
JaPtoBfbralet % R G SR RERRD e o s Rce i Promice,

fdt ladfresemﬁtranirEBﬁa) ng/ulndﬁﬁh@ hyRF&)él 95&0%5.& sBﬁJ‘ﬂon prior to
fluorescein' s spectra and quantum yi el d

R elG e fTEY 16 eSSt ah(an dJBIPCb RIeMPIRE) -
surroundl ng nol ecules [Klonis et al (2000) Photochem

Phot obi ol 72:179-185; Klonis et al (1998) Phot ochem
ﬁ%@&zl 67: 500-510; Martin MM (1975) Chem Phys Lett

35:105-1 11]. Exan'plde 6 grel oadi ng Hydrogel l\/at(ra]ridal ;
L R Bl oo RO st Pl iey e Pafpra
for 2 hours. Pieces of hydrogel materl al

ﬁ‘@%ﬁé?mlﬁ'@fhglféﬁe%ﬁoﬁgrer@ edEl %ggr?)%gﬁql}aﬁqr %I %&Pée B(:Jd:’{%g%ence of

I diumbromd
Brfluesethere, 14-86 mg@@%lcrcﬁa&lmﬁ:pdtkwdl@gmonaisnalt wadltle@ted with

h d th
300 5) BB RIS R0, B L 8P B a0t e
taderidiad Toe pendigeated hmo@el mamudleWa@ulaheuPBﬁ;xed with
SRR BN R e DB Bl e ftsecsonce
mtebsldemnAbsmrdent af fmdreeaén@@wtpreafdr%doﬁsOdgscnbed in

art e/ BSA solution prior to
cro glel |”nlﬁW et%'ﬂﬁcf& Q’E’éeﬂ Beiourgderial (as
detailed in Exanpl e 2) Exanple 7 Assessmsnt of

[l B FEFEREE JRRACHT Ry PamiecCC hCakFGaed QL7 Mehut, win

lhﬁﬁasmgeNlFmﬂ\ﬂ@m ahrtnol@stdmepéﬂld@ir |ﬁSD€F’ES éQNIF&\M AA/1XPBS) were

_ n% P gm%’%ee%tofgm ﬁ f B%S§ fold Pnkc(?eas% v%soogslerved with 0.2

pg/ul of ethidium bromide in the presence of released pNIPAM-AA/1XPBS
compared to ethidium bromide in 1XPBS at 42°C.

Example 8

Assessment of Protease Selectivity

To determine the effect of digestion on the fluorescence of ethidium bromide
preloaded into BSA crosslinked hydrogel material, 3ul of either trypsin
(25pg/ul) or proteinase K (100ug/pl) was added to ~30 mg pre-loaded hydrogel
material. The control sample received 3 pl of 1XPBS. The solution was then
made up to a volume of 4ul with 1XPBS and incubated for 120 minutes at 37°C.
Undigested intact gel was then separated from the degraded mixture containing
hydrogel particles and fluorophores. The mixture was adjusted with 10XPBS to
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300 ng of proteinase Kin 1XPBS for 2 hours at 370C to
conpletely digest the material. The pre-di gested

wharo¢er3 mat eri al was then m xed with et hidi uPeD8GIN0ER00353

and incubated at 25 OC or 42 0C and the fluorescence
measured. Assessnent of fluorescence was perforned as
described in Exanple 4 . The results are presented in
Figure 9 . The fluorescence M}ten5| ty of ethidium
bromide at 0.1 ng/m and 0.2°ng/m, with rel eased

BB O 8P RERHE Fobfnd ot casgssment of

ﬂﬁﬁ@soﬁn&e&v&s peffohflet REY ESERIDERSINOBRSHBRA4W th 0.2
mg/ M of ethidiumbronmide in the presence of rel eased

pNl PAM AA/ 1XPBS conpared to ethidi um brom de in 1XPBS

dhe $200le iBxhoplat tilicAs S Syuent 0o will mtie ﬂa&e%r%twyblby From
estjqon on

FRUACLEL 118 0 Seeb o ionplo S G400 SRt 1 st oral wes
Cbsesedd Wﬁadpﬂ@W&@eK sat et &ggsﬁ”hopﬁxﬁBt@e\Mtﬂ rtbf@srblgase of

% otel nase K i:‘r was add

&ﬁp‘g‘? ¢ Sthjg iy 9?1‘1‘%&"%’% 4 Alummﬁéoeome slegsadesl dydrogel
caialeshd I

oo ok, R 8,80 o3t ORI st

'???Fﬁﬁialz 'gpre; 78e): Tomesig dsaseunaiie detdigest B efficently, probably

ﬁﬁ@ﬁﬁé’lt|€@aﬁﬁ@tméc|6§n1§§g&§fﬂ§qegbﬁééj Rnﬁ]ogé[?_rgi@é %?Iﬂs have formed

ac%dro el particles and fl uorophores
ii6 &Pade With the rasiory graupsPBIhepartislesol ume of 60N
bef ore readi ngs were done. Assessnent of fluorescence

er,forrredtn‘gassoqescrl bed in Exanple 4 . The sanple

d‘@?%%o%pﬁ?m?“ alse Peffermes ysing 'yﬁp%xm Apg peoteinase K (Figure

fddﬂ;dilﬁﬂﬂ@ﬂme thé 8hBinfes \Eé:@r@thtgaJ bﬁtolé)lﬁat éJrfa%é%nB%?f?&%rlald
radation of the rogel nateri

d
v‘gﬂ‘bgﬁ/g‘ng 'B?e figh fdewrek! Ody ig anB%/OtPﬁ'&aﬁblfPf aoilatl xpBiSdish
swirfaetdve rrzed Q\ﬂﬁ\eh@drob@ﬂﬁi%ﬁgnﬁﬁ mréllyéfa&! W"Ehgﬁm&#&ﬁ*.%owde

illym nation, the deg?raded drogel nmteri
I GrRRieiSnelagithe{ ur Brajpigase Uf i (§AORE/LD ompankdf tysozyme

) 50119@;9!? hBBEHdeH afifib@Wnd |41%%a el-[ir Vcﬁ'sii% rsulxtggagﬁzo(ﬁ with the

est BSA efficiently, pro ecau
aﬂé'@@@mfsﬁ)ul yafi hePB8si Aeeex;vdm)s@ piateinabai Ksbitaket lysozyme

cg%éﬂa‘i’he hydrogel material to leak more ethidium bromide and' degraded

particles.

Example 9

Assessment of Protease Selectivity and Enhancement of Fluorescence Signal

To further clarify the effect of digestion on the fluorescence of ethidium
bromide preloaded via diffusion into BSA crosslinked hydrogel material, 100ug
of either trypsin (25ug/ul) or proteinase K (25pg/pl) were added to ~30 mg
hydrogel material pre-loaded with ethidium bromide and incubation carried out

as described in Example 8 above. Results are presented in Figure 11.

Hydrogel material treated with trypsin hardly degraded and showed no

appreciable fluorescence enhancement at 42°C compared to 25°C. In contrast,
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am de bonds with the carboxy groups on the particles.
Anot her experinent was al so performed using | ysozyne

W@rw70439r&i nase K (Figure 10d), but this time PEESG2005/000353

enzymes were spotted onto a flat surface and then
overlaid with the hydrogel material. Figure 10d is a
phot ograph of a flat petri-dish surface overlaid with
hydrogel material, pre-loaded:-wi th ethidium bromn de,
to which droplets of either Inl proteinase K

) . £ have b
RSO b Sl o T RIBAR b e e
amnmemnlemto aﬁlmbpn:fxirihéﬂdwﬁﬁ fde imt@@éal iﬂd‘luo%ét‘eﬁbé‘ﬁrﬁi&w fty when

SOozZyne .cause e oge naterital to ea
10 OBbRPTRVES S Hesceh oG g5 Judh . | Fiotanass dérshgestion
SoAmieslynaayradéd Hf@hmgeﬁﬁbﬁéﬂdl WhiYeR3de tf%ﬂ%ﬂ&?ﬂ‘a phore.

of Fluorescence Signal To further clarify e effec
of digestion on the fluorescence of ethidi um brom de

Sirllaradsdlty mere ifé dnd ivbenithé expetmentswhid kgt A b9 Wlestin
ngh ek aIBSéagOOrrg of ﬁ; h&g t{y Sin (ZS%M) or o g
prot enasy KPS kP ;W repe dadietak sontinipg Hpapedesthidium
bedmeitie abithon @@ ad @gpuint (2585 M)0brpRRSiEIR @BKy/

i nge‘urb?ti on carri eg@gut d3s,§g<§s,)cril!l?)i‘ed in Exa(n'p'?%“%’ or hydrogel
qR&RIE! Ingdlated dn Hieprgperernfdwifehalpng (Figurel 12)Hyldewsdions were
o@tied ioat aédsraingdo Whd MdthodPst Bk lgy degraded and

showed no apprgci abl e fl uor escéemﬁé:lg %nhancemsnt .at 420C
conpared to 250C. In contrast,the rel ease of ethidi um
Bxamplaelcand pNl PAM AA particles after proteinase K
treatmgnt led to an approximately 2 fold increase in

fl uorescence intensity when the tenperature was

[ffrat @8 Sedalf RitutiodS0C t o 420C. Prot ei nase K di gestion

conpl etely degraded the hydrogel material and rel eased
all the fluorophore. Simlar results were found when

%Q%tgegép%meﬁérrypgim@ﬁfgw@wmre}ﬁimed{ ¢y ignd) wafe agdddSs ~30
o S AL R B Aok i . o

_TpixbBireiwssstbeR roadergprib)a, vaumbyodriagel witRt XPB8| ahd #eaBaed for

BB ERa7 er e adPnbEl suio B ebe dfaicd bbinssheasoeated

vath BERahpf €&XBBS. 1ul of degraded materials were removed .and serially .
diluted with 100pl of 1XPBS before readings were done. Assessment of

fluorescence was performed as described in Example 4. The results are

presented in Figure 13.

It may be seen that that after 100 fold dilution, greater fluorescence was present
in the proteinase K digested sample compared to the control. We suggest this
may be a result of liberated fluorescence being quenched at high ethidium
bromide concentration.

In a further experiment, ~30mg hydrogel material containing ethidium bromide
trapped by crosslinkage into the hydrogel material was treated with either 100ug
of trypsin (25ug/pl) or proteinase K with buffer (25ug/pl) or buffer alone for 120
minutes at 37°C. The liberated hydrogel particles/fluorophore mixture was
removed and adjusted to 1XPBS. 6pl of this solution was further diluted 1:10 and
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Exanpl e 10 Effect of Serial Dilution 300ng of either
trypsin (25ng/ M) or proteinase K (100ng/ M) were

w@oaed43903 - 30 ng hydrogel material pre-1loaded RET/BG2005/000353

et hi di um brom de by di ffusion. The m xture was then
made up to a volunme of 12 m wth 1XPBS, and incubated
for 120 m nutes at 370C. As a control, -30 ng

pre-| oaded hydrogel was treaty d with 12n of | XPBS.

1m of degraded materials were renoved .and serially

te f PBS bef.ore readln s were done.
qh%rggsfroewtgf%r%sgéﬁ%'geﬁg§f @??f&ﬁﬁﬁac sWaesReNfpiEed as

|desExlaaplle Elxammlee4r§lse1ké§1|taraee @f&feﬁf&deﬂ F:Pﬂrﬁ gﬁrvﬂwé'ré-it can

tR% nthat ta%tgﬁ r 100 fold di
gr eat er %Sscggﬁ% &N éﬂ'{ OFG4rg fEepr JOdPisbdiution in the
thtgemawl K&ﬂg&ﬂt&j §@ﬁpl@[ pﬂ)bbﬁlytﬂé%aﬁéb’]%%thld% BRIGES s trapped
t’ﬁ n@%er dﬁ] resul f |iberated fluorescence bern
e Weraie yaﬁ)gg PRF!8%n br oni de concentrati on. In a
further experinment, ~30ng hydrogel material containing
ra b ossl nkage into the
gr 0ge Cgﬁ ”\rqq%ns,%@p% %%Er(? eél ftr‘?g@Pd MWthguer alone or

trylytmsunn F(@Beg’!ﬂﬂa)e ORudh Riwer "EBrebafedVitd hh@LffuBF‘éscent lntefﬁnty of .
at

f:grg g@ ik}:uffer al one for 120 m nutes
”5?3? FyATaYLP TaPeraysessthidius Spaide lmc;adumetrmng it in
thenwesxsi t

vt 0 A T

%%‘Eeé'g’ﬁ H&‘ﬁeaf”#'? WE%@WH&'W%@HW@M@@UW@H%M@W%1
in Exanple 4 . The results are presented in Figure 14,
[ een that, fluorescence enhancenent

AL the Sy S8 o4 SRR Ao STE profoed
niedinaatseit Mnldjlbgeﬁmpeeblstadpha manp b@bétbnb%ﬁﬂuﬁnﬁdﬁ‘leﬁlons may
%qup}%ﬂ{n S ﬁh’@pg with the |iberated

rogel par gfé) o8 FREOEiRiRSEOf thednuentipnotieppe it is
lcf@ndmbl thetarmdz esrefefr@i eainlvhldilheﬁltdf BRa al agre sgéh LVREbAs and

d
DG e il Mg o6 Seor o1 2aibPeive; mvaniign: es dafined

_ bydba tmdlewetghilalinem br omi de | oaded by trapping it in the

crossl i nkages of the hydrogel matrix does not diffuse
out fromthe hydrogel
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material into the solution, unlike diffusion | oaded
hydrogel material in Figure 11. Although Lhe invention

wha®70439m descri bed with reference to certai n pPCES@00&M00353

enbodi nents, it will be appreciated that many
variations and nodifications may be nmade within the
scope of the broad principles of the invention. Hence,
it is intended that the preferred enbodi ments and al
of such variations and nodifications be included
within the scope and spirit of the invention, as

dRtiel Claim® Defitnd e IAvERGor hid 4B FGwS! al ms Defining
the Invention are as Follows 1. A conposition

conprising: a hydrogel particle and a fl uorophore;

vihe Aeiom=aitidn compeisingi @ Ryrogelusetcl@Bng BBEShore; wherein said
fluorescent stq%al when excited by an energy source
capSBNBOTFONLRETAUCRY apnenhangsy diyresissentosignalehen excited by an

conpesryy soivceicaphisie BF dxaMiRy tBe Rublepnhhxdr ogel particles
are formed frompoly N-isopropyl-acrylam de (pN PAM .
3. The conposition of claim2 wherein the pNIPAMi s

ﬁﬁl |I 1]InA&3 lcbmegsigbm lof h{hﬁﬂ loumwelym tth%J ?ydli\ll?gﬁ I\}|§_|éé1Ai§:|@§ !Qre4 for_rH$d from
p .0- I 0Xx yl ac e (p ] 4. e
cong%gr“t%?%‘?{%&’" ?’H?‘/’Q (W@/@ﬁ}w the pNIPAM i s
pol ynerised with acrylic acid to form

NI - (N [+ PN, 1 PAM AA) . The i .
A Pyt e ————
pol ptiemiystiy! wictytatet tol &msit phIiPAWSBLRAGE@HYP WehRath OplIPAM-
rmrm?;g)r to forma copol ynmer of pN PAM whi ch i ncl udes
functi’G

gnal groups for chemcal reactions. 6. A
conposition of claimb5 wherein the functional group is

selrRt &hnddpnt i Si REE amne, . .a o .
sul f ur hydryl !Bnaﬁgﬁggw @gmﬁbélpo“;w‘&ng%&gﬂérﬁggﬁﬁw gerylic
ri rgidsterieret BNEAM-coHes/lic avisdeNIRAM-AA). any one of
claims 1 to 6 wherein the hydrogel particle is a
ydrogel napoparticle, 8. A conposition conprising: a
oI PGIAIPoC OB e <le0n 2 Wharein G BNRAM 5 pvEoNsatt oifob loas
. Pamhiusatupated @olible WoRRMEOmer to form a copolymer of pNIPAM which

includes functional groups for chemical reactions.

6. A composition of claim 5 wherein the functional group is selected from the
group comprising: an amine, a sulfurhydryl, a carboxyl, a hydroxyl, and an
aromatic ring structure.

7. The composition of any one of claims 1 to 6 wherein the hydrogel particle is a
hydrogel nanoparticle.

8. A composition comprising: a colloidal suspension in a liquid media of a
hydrogel particle and a fluorophore.

9. The composition of claim 8 wherein the liquid media is chosen from the list
comprising: water, phosphate buffer saline (PBS), 1 X Tris-EDTA.
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9. The conposition of claim8 wherein the Iiquid nedia
is chosen fromthe |ist conprising: water, phosphate

whedo7e4393al i ne (PBS), 1 X Tris-EDTA 10. A conpPGI/S§G205/000353

according to claim1 wherein the hydrogel particles
affect the fluorescent intensity of the fluorophore at
t enperatures above the |ower critical solution
tenperature. 11. A conpositi according to claim1
wherei n the hydrogel parti cfgg'are crosslinked to form

drogel .material.. 12. A conposjtjion conprising:

PGSR icBiie gy i Uharoiy B dyer oS paRiegRs afect the
W t fluessdentrinentia) lof the SMaReHHoRe Gt ORMIILAREAS aBH: 3he lower
fl uor.t%pgor e, vger ein said fluorophore-hydrogel
par CHRESUHAR REWPPEHUISr oduces an enhanced fl uorescent
signal when excited by an energy source capabl e of

Cipt i t he fl uorophore. 13. A conposjtion according
a8 Spasiom PEp NG &0 ST 4 BRI | the r Biseeri particds are
cr osekslinked & fermizoglepogsl akiterial.14. A conposition
according to claim 13 wherein the biodegradation

occurs as a result of enzymes. 15. A conposition
a2chrcampgsition cbaipnising: myrzogs pattiviescionnsd iimé S MidkRogB Meaterial

fr ot e eptide or polypeptide that is )
deor i B REResrofs % P Sox iR s Gh MueBpetienaherein
to sdichi ilinqtapmemumgehepmassbbmbiagﬁ@n gpﬁmubé;@ SOVeRanced
ser umen. 17. A conposition according to any one

o MR EGsan e ef 8P i Pierty oL apeble Pt exating the
extftuorophord.| uor ophore. 18. A conposition according to
claim 17 wherein the extrinsic fluorophore is selected

fromthe |list conprising: ethidiumbromde, Sybr G een
13- dhgompesiiias aedonding $o claire diZpaisereindthe anwiothagtalp resp¥nsive

Qn%r&fsliﬁllsa%r id'deéﬁad]agle\mer ein the fluorophore is an

intrinsic uor ophore.20. A conposition according to
any one of clainms 1 to 19 wherein the fluorophore is

TR b&Ab&MicnCadddfdify & @Rh 188iHdrSih&he biodegradation occurs as a

result of enzymes.

15. A composition according to claim 12 wherein the crosslinks are made from a

protein, peptide or polypeptide that is degradable by an enzyme.

16. A composition according to claim 15 wherein the crosslinkages comprise
bovine serum albumen.

17. A composition according to any one of claims 1 to 16 wherein the fluorophore
is an extrinsic fluorophore.

18. A composition according to claim 17 wherein the extrinsic fluorophore is
selected from the list comprising: ethidium bromide, Sybr Green 1 and
fluorescein.

19. A composition according to any one of claims 1 to 16 wherein the fluorophore

is an intrinsic fluorophore.
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2 1. A conposition according to any one of clains 1 to
19 wherein the fluorophore is carried inside the

wharo¢per3 particle. 22. A conposition accordi nBCT/8GZN§/000353

one of clains 1 to 19 wherein the fluorophore is
carried inside the hydrogel material. 23. A
conposition conprising: a hydrogel particle and

et hi di um brom de; wherein sg%%_conposition produces an
enhanced fl uorescent signal en excited by an energy

u Lt L uor, re. </, 24. A
2B BB BB ey dnk o bun R dp dF hiareinityugiapore
par isicohjpigatedpditierdEdged papidlePAME AA. 25, A net hod for
maki ng a conposition conprising the step of: conbining
a fluorophore and hydrogel particles; wherein said
At hsampesitieraecording derpoy ione ofclaimag 1 o d8wereseianhe fluorophore

enh@%ﬁﬁ%dfi*%@%ﬁ%ﬁ@éhoa%ﬁ ﬁﬁ@&g\hen exci ted by an energy

source capa he fl uorophore. 26. A
met hod for making a conposition conprising the step

23 A 6OMpYSASH Astordi i L rRantd £l e
ey ot Skhofuns WORAPORE B SR DISTFWBerdR i Flctopnore
pr ¢8I GR'E8d insidethamydael metesisbent si gnal when excited
by an energy source capable of exciting the
ég orqﬁhote. 27. A method for enhancing a fluorescence

'3‘\}13‘? RIHHAN COrpryising. ashydseged partigle sk pthiciurhrgomide; wherein
f | saroeiapssitnOproRBbest Sn @nRY R | i
exposi ng the fﬁﬁgroPhore-Hydrogg@kggg%%t%@ﬁgbﬂﬁgﬁg%ggﬂtw
t o FBFNERW PYrSoraAPaklecaexpitiag dte lwasophane t he
fl uorophore. 28. A nmethod according to claim27

rein the fluorophore .is touching the hydrogel

23‘2?\‘%"&'?%933@? a&CﬁfS{'ﬁgta Ci%@&%\fvhﬂetrbt%ewmgzmﬁ@m PNIPAM-
t helEA erppNIPAD-RA] S conj ugated to the hydroge
particle. 30. A nethod according to claim27 wherein
the fluorophore is incorporated into the crosslinkages
2bhét methed tonemaking egebmpasitiore lcemprising tehyidp ogfelcombining a

Mefi§SrbMhore and hydrogel particles; wherein said method generates a
composition that produces an enhanced fluorescent signal when excited by

an energy source capable of exciting the fluorophore.

26. A method for making a composition comprising the step of: conjugating a
fluorophore to a hydrogel particle; wherein said method generatés a
composition that produces an enhanced fluorescent signal when excited by
an energy source capable of exciting the fluorophore.

27. A method for enhancing a fluorescence signal comprising the steps of:
a) positioning a fluorophore proximal to a hydrogel particle, and

b) exposing the fluorophore-hydrogel particle combination to an energy
source capable of exciting the fluorophore.

28. A method according to claim 27 wherein the fluorophore is touching the

hydrogel particle.
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31. A nethod according to claim27 wherein one
conponent of the fluorophore or the hydrogel particle

WO 20070€978nd carried in a liquid carrier and tPer/8GHes/000353

conponent of the fluorophore or the hydrogel particle
is imobilised. 32. A nethod according to claim3 1
wherein the fluorophore is free and carried in a

liquid carrier and the hydrogg particle is
i mobi | i sed. 33 A nethod according to claim3 1

erein t cle is fr e and carried in
%qﬁ\ St Ac oieor 1B 1, SBiinihe fuorophassis Feruoated fo the
A nﬁymﬁgeﬁﬁﬁmﬂalng to any one of claims 3 1 to 33
conprising the additional step of: flowing the carrier

conprising the free conponent past the immobilised
SOnpanethbd a3bordignt dgich 2T aieekin the ﬂu@b@h(ﬂ’eag iNdORS AR into

N IR R
hydrogel particles. 36. A net hod according to claim 32

e | [ t.he fluor ho
BT TiAndd B Blibud Bl @ wiiebBone ERRRR LS e flibmghore or
m|J| meplg}girbgdrmg&d:le parfréecbag .cabied M rasendn?ai @@g@r élmcn@%é @ther
claim 0 ace in ai.m or the
e S RL PR aRToPbOmaTdng PisiPiS edisia Brabiiea. 35,
A nethod according to claim35 or 36 wherein the

rf t m.3
Yoty ar el o5l Sfaio iy ARuibR o nlo Sy B ieg 2 caed i
rreaasmulmgambeam tednycdeoget pa‘tlﬁlbusarrmphlmhsedcorrprl sing the
st eps of a) bringing said fluorophore into proximty

with a“hydrogel particle, b) exposi ng the fluorophore
Fhd (hRENGY deBRyingpler elatan &1t Whevieire ther hydrogeir particlaas free and

capabie& iAfa | Edrhér értbethfalﬂHQIroBHQr%rl@ Bgmgéq detecting

a fluorescent em ssion. ecting or
measuring the presence a quorophore conprising the

3. gpmetiiod according to any one of claims 31 to 33 comprising the additional
step of: flowing the carrier comprising the free component past the

immobilised component.

35. A method according to claim 32 wherein the carrier carrying the fluorophore
flows over a two dimensional flat surface coated wholly or in part with

hydrogel particles.

36. A method according to claim 32 wherein the carrier carrying the fluorophore
flows through a porous three dimensional matrix comprising multiple hydrogel

particles.

37. A method according to claim 35 or 36 wherein the surface in claim 35 or the

matrix in claim 36 is made from hydrogel material.

38. A method according to claim 35 or 36 wherein the surface in claim 35 or the

matrix in claim 36 is made from glass or silica.
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j a) flowng said fluorophore over a two di nensi onal
flat surface conprising nultiple hydrogel particles,

wh00e0e3933 ng t he fluorophore and the hydrogel PEr/sGH0£000353

to an energy source that is capable of exciting the

fl uorophore, and c) detecting a fluorescent em ssion.

41. A nethod for detecting or neasuring the presence a

fl uorophore conprising the safps of: d) flowing said

fl uor ophore through a porous™three dinensional matrix
riSi [tipl e. hydrogel partigles, e) exposin

e Irﬁ%tﬁ‘g‘?)hn%éf ed tﬁ‘d‘“'lq&;é’rh Syeng ptg?t PE‘?SQ%% n aerfg'PWhore

soucomptisiag thesstepapl e of exciting the fluorophore,

and 42. An apparatus for detecting or measuring the

presence of a fluorophore in a sanple, wherein the

appar binging saip flusephoteyidioqueximppmithe ®girogel particle,

fl uorophore, a substrate and an energy source capable

of exciting the fluorophore.43. An apparatus according

t o kI expesing thé §veropheriecansiths hydibgeli marticlé wwanlenenyyisonk that

flat ; - ording to claim42

mhere%Képﬂgggaé%?wﬁ$@gﬁ@8§$b§§%%ﬁéinensional matri x.

45. A nethod for identifying nucleic acids, the nethod

I NQ) Ugkt8ding Ren r€82nPEmisdibnPOsi tioning a nucleic acid

bound to a“fluorophore 1n proximty to a hydroge

particle, b) exposing the nucleic acid-fluorophore

20nAiMEthb® fortdbtédling R B¥astAHE We ARRALE ORuddSHdré R8mprising

the fl uorophore, c) detecting the fluorescence

en1@§§gﬁ§(gnd d) identifying the nucleic acid based on

t he flzgrescence em ssion. - 46. A nethod for

i dentj fyi nucl ei id hod i n¢l udi h
S50l S o b AT ot oo
t 0o a ryitisle hgdiropar partities,

b) exposing the fluorophore and the hydrogel particle to an energy source that
is capable of exciting the fluorophore, and

¢) detecting a fluorescent emission.

41. A method for detecting or measuring the presence a fluorophore comprising
the steps of:

d) flowing said fluorophore through a porous three dimensional matrix
comprising multiple hydrogel particles,

e) exposing the fluorophore and the hydrogel particle to an energy source that
is capable of exciting the fluorophore, and

42. An apparatus for detecting or measuring the presence of a fluorophore in a
sample, wherein the apparatus comprises: hydrogel particles, a fluorophore, a

substrate and an energy source capable of exciting the fluorophore.



b) exposing the nucleic acid to an energy source

capabl e of exciting the fluorescence of the nucleic
wW@e00d/0439Y3 det ecti ng the fluorescence eni ssion PCDRG2008000353

nucleic acid, and d) identifying the nucleic acid

based on the fluorescence em ssion. 47. A nethod for

i ncreasing the fluorescence intensity of a

fluorescently | abelled bionol,ecul e including the steps

of: a) labelling a bionolec&ﬁg'mﬁth a fluorophore, b)

L0 Qni he | abelled bionolecule jn proximty to a
ﬁ‘f};r/\bg%%b%%}% chg?rgfngejgoglia% Z%Zﬁew%ereln tﬁe substra%/e is a two
f | uadimogaisiored Hatenebesul e conbi nati on to an energy
source that is capable of exciting the fluorophore and

%Cdet ecting a fluorescent em ssion. 48. A nethod for
i“e Apasppryatse attardings tedaiinn#2nwheigirofth@nsubstrate is a three

i nt ggﬁhz#&%lgg%s%é(uorescent bi onol ecul e i ncludi ng the

ste itioning the intrinsically fluorescent
bi onol ecule in proximty to a hydrogel particle, b)

@S B er.qy, .sour,ce that is
A ol RE I RIRLPfitc RBoS I bR PALHER che vt s
bi onol ecul e, and c) detecting a fluorescent em ssion.

a) positioning a nucleic acid bound to a fluorophore in proximity to a hydrogel
particle,

b) exposing the nucleic acid-fluorophore combination to an energy source
capable of exciting the fluorophore,

c) detecting the fluorescence emission, and
d) identifying the nucleic acid based on the fluorescence emission.

- 46. A method for identifying nucleic acids, the method including the steps of:
a) positioning a nucleic acid in proximity to a hydrogel particle,

b) exposing the nucleic acid to an energy source capable of exciting the
fluorescence of the nucleic acid,

c) detecting the fluorescence emission from the nucleic acid, and
d) identifying the nucleic acid based on the fluorescence emission.

47. A method for increasing the fluorescence intensity of a fluorescently labelled
biomolecule including the steps of:

a) labelling a biomolecule with a fluorophore,

b) positioning the labelled biomolecule in proximity to a hydrogel particle,
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c) exposing the fluorophore-biomolecule combination to an energy source

that is capable of exciting the fluorophore and
d) detecting a fluorescent emission.

48. A method for increasing the fluorescent intensity of an intrinsically fluorescent

5 biomolecule including the steps of:

a) positioning the intrinsically fluorescent biomolecule in proximity to a

hydrogel particle,

b) exposing the biomolecule to an energy source that is capable of exciting

the}ntrinsic fluorescence of the biomolecule, and

10 c) detecting a fluorescent emission.



