-1- "Method of Enhancing A Fluorescent Signal” Field of the

I nventi on The present invention relates to conpositions and net hods
for increasing and detecting the fluorescence of fluorescent and
non-f | uorescent conpounds, 5 includi ng-Bi-onol ecul es. The present

i nvention also relates to nethods for detecting the presence of
conpounds, including bignolecul es. Background Art In recent years

fl uorescence has becone Meﬂ'&#ﬁgﬁﬂhﬁéémﬂ)ﬁo‘:glyw?ﬁ%'gl%g"%ch as

envi ronnmental nonitoring, biotechnology (eg drug discovery and

~cel lular imaging 10 and nedicine (eg nedical testing and inmaging).
The great | Figlhahthednyenfiony t o detect specific nol ecul es has al so

|l ed to rapid advancenents in diagnostics. For exanple, fluorescence
detection is widely used in nedical testing and DNA anal ysis because
of the hi ghfhgegrasenbiinaniont felates tobeanpesitions ﬁ@dfm@m&tlnﬂe&lsmg and

t echni ques. I f ecul e t |

{uor escendlsteitine, T AGisSee iR Pt RrEtRnt vl BOhREatNRlL  cxvepunss
i s based ofndadingr biopndlec@est heThes peesdrmspphtiorape T tdldtesofo methods for
fl uorophores that upon excitation, radiate into a honogeneous and

non- conductdeiertingdhe mressinecel gampaindsy Bgludingbiomalacyesce. A
fluorophore is |like an antenna, which oscillates at high frequency

and radi ates 20 short wavel engths. Local effects are not usually
observed bé&agkeggoundiMNd smal | size of fluorophores relative to the
experinmental apparatus. Some of the fluorescence techniques used to
detect the presence of nolecules include Resonance Energy Transfer
(RET), i nmindesansesaceivorgssencs hasbecomaat deminatd teghnglagy in fields such as

hybri di zat i i Of . t he. f. L DLek. i nef, W
o ted” by SEomRERE PRy Riko it B BbEisRly AElpmatho)
detect 10on mridheddicineSied anrlidal hestiredamaimagbedt tTre geatly FriRanceltability to
known that the presence of a netallic surface can enhance the -2-
detect specific molecules has also led to rapid advancements in diagnostics. For
example, fluorescence detection is widely used in medical testing and DNA
analysis because of the high degree of sensitivity obtained using fluorescent
techniques. Small numbers of molecules can be detected using fluorescence

15  technology.

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
20 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

25 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



Raman signals by factors of 103 to 108 and reports of even | arger
enhancenents have appeared. The presence of a nearby netal film

I sland or particle can also alter the em ssion properties of

f1 uorophores. SERS has been observed for2many types of nol ecul es
absorbed on the surface 5 of certain netals, such as gold, silver

and copper RaSiar bignhig, by factorssefetr®eosiofrald repantsadfsavenelasgeraantedcements

many-fol d en fluoro res were pl.aced in cl . proximty to silver
par {1 cl e cBAVEAPBERTEE JISAFSIFS & & Srai TPialdImEINAR BhBAtticis can also
- believed t gietdusnissiohfoptiesat B pMordédle raman and fluorescence
signals with surface plasnmon on a netal surface, although the exact

mechani sns are not 10 clearly understood. USSN 10/073, 625, which is
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fluorescent. Typically in this case, extrinsic fluorophores are

added covabeligved r becliedevthedntargctian af thewanmar enddduaraseengs siginals with

et ect ed. St B B 2" Bl SHRERE oy R ) etditemiobdidfhs are not
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potentially creating experinental artefacts. For 20 exanpl e,
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25 fluorophore are required. DNA, a bionolecule of great interest to
many r ers, ordinaril oes not _fluoresc et ect abl e

"ovs) S8 nalahyBhleRuts e o sebas i bstantc DRI VHaIBE Cats: Binsic
to facilitat&obReradehRrhiigsd %v%t|grbr9.%r§.c&&ﬂ§ﬁﬂv(1 1§18l mﬁah%?%safhat do

Nucleic Acids Res. 21, 5720-5726; Benson et a 1995) Ana
Bi ochem 28at opdinarily fluoresce or do not flucresce at useful levels o be detected.

However, in some cases, labelling a molecule with an extrinsic fluorophore can
alter the activity of the molecule, potentially creating experimental artefacts. For
20 example, labelling a biomolecule may alter the biomolecule such that it loses its
biological activity. Problems with current fluorescent techniques stem in part from
the low fluorescent intensities of commonly used fluorophores. Additional[y,
background fluorescence can be significant when using the low wavelength
excitation radiation required by some fluorophores or when large quantities of

25 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) Analyticai. Biochem. 231, 247-
30 255), in DNA sequencing (Smith et al. (1986) Nature 321, 674-679; Prober et ai.
(1987) Science 238, 336-343; Li et al. (1999) Bioconjugate Chem. 10, 241-245),



30 255), in DNA sequencing (Smith et al. (1986) Nature 321, 674-679;
Prober et al. (1987) Science 238, 336-343; Li et al. (1999)

Bi oconj ugate Chem 10, 241-245), -3- in fluorescence in-situ
hybridization (Denijn et al. (1992) APM $-100, 669-681; Wegant et
la. (2000) Cenone Res. 10, 861-865), and for reading of DNA arrays
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tubes are used for detection. As a result, these DNA sequencing

t echni ques have several disadvantages including high 10 costs
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need to devel op methods of enhancing the fluorescent signals
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and bi 00 ecbostso@gultidgt fibmothedhighdeast bf el ilaserefuseaytodestifie e ifliofd¥icent
application is not an adm ssion  that such a docunent is available as

prior art farkers whishdypically émit inthesyisiie yegipntafdightweaeirdgm and ti high
t
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enhanced fl uorescent S|gnal when excited by an energy source capable

of excitingpbhg.fd YL anAR6.s 1 %%eb%fd%&b%@t@gf@pg of%rr;,lgl\éhg“?‘né ifte TRbALent

for maki ng a conp 03|%r80n conprisrn
fluor ophor agaabk lyecheegfet par flu@bﬁhoremeoehnnwair@ rmtph@@horﬂ&fgﬂu@nreateﬁce

a conp on t roduces han ed fl uorescent signal. when,
excite by %ﬁbneﬁ&vg@ 3 YaPey wﬂ f Ieszr@deqaﬂ@nfiﬁ@aﬁr%bﬁel&ns%é'.elds such

as physics, chemistry, environmental monitoring and biotechnology.

Citation or identification of any document in this application is not an admission

that such a document is available as prior art to the present invention.
Summary of the Invention

20  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
25 generates a composition that produces an enhanced fluorescent signal when

excited by an energy source capable of exciting the fluorophore.



- -4- In a further aspect, the invention provides a nethod for naking a
conposition conprising the step of: conjugating a fluorophore to a
hydr ogel particle; wherein said nethod generat es a conposition that
produces an enhanced fluorescent signat4when excited by an energy
source capabl e of exciting the fluorophore. 5 In another aspect, the
present i nlera futhgrraspedtsthe imeehtiah fpomvitdaex%hannieﬂg)(hforf matk'rr@aecmposition

o gnel_compeheiad Be skes, olo, (2, Postiaontag & SLUGORIO e, o

f1 uor ophor ez Ry di&Es4 %@fe‘i'ét@'sea RIS Wit O@Gcég%rg)énﬁ%é&? fluorescent
capabl e of exciting fl uorophore. I n another aspect of the present

i nventi on &igned w@enlexcrted)bydmeriergyeeuwaap@bt&of axitingther fluogophare.
presence of a fluorophore conprising the steps of: (a) bringing said
fluorophore into proximty with a hydrogel particle, (b) exposing the

f 1 uor ophor én anudhethaspsgelr digel prpaent oivention goeides gy metl‘rondefchmenharmcing a
capabl e of _exciting the uor.o. nd detectin | ugr escent.
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wherein the apparatus conprises: hydro particles, a fluorophore,

a subst r at ecabinationdaaygnergy sesrceceansl &eOfﬁXQﬁm meﬁ@qunehore

fl uorophore. The present invention also provides a nmethod for

i dentifying nucleic acids, the nethod including the steps of: (a)

posi ti oni n& annthdreaspeat dtithsoprasent invention fd oathgrhds providex fori detegtingor

hyd | b th | f e ,
conb nbl s offasutfioShe PieeBR Y & auaihacicrastisii fe 1B BFUG) Brnging saic
(c) det ect flnerdpheré linter srofiisewiAl & Hyl iogelFarticle, (&eébtpd‘s‘r’rhg“ﬂ\é RBorophore

nucl eic acid based on the fluorescence em ssion. In another
enbodi nent anghidephydreae! patisig |t@rﬁrpre@¢T@ié§0di‘Qﬁ3ethﬁidISf eapakie mfi exgiting the

25 nucleic | (a) positioning

a nucleic gg?@%r?ré %ﬁ% d‘%%gchggcélﬂﬂb@(géﬂfepar Fj%c (b) exposing the

nucleic acid to an energy source capable of ex0|t|ng t he

fluorescen h | | d t I ng 1t f resc .

eri 551 on {1081 RMAEE . ¥t ety i Byt prekat L EFCRREEng or
15 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 present invention also provides a method for identifying nucleic acids, the
method including the steps of: (a) positioning a nucleic acid bound to a

20  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
25 nucleic acids, the method including.the steps of: (a) positioning a nucleic acid in
proximity to a hydroge[ partié]e, (b) exposing the nucleic acid to an energy source
6apable of exciting the fluorescence of the nucleic acid, (C) detecting the
fluorescence emission from the nucleic acid, and (d) identifying the nucleic a.cid

based on the fluorescence emission.



based on the fluorescence enm ssion. -5- Still another enbodi nent
provi des a nethod for increasing the fluorescence intensity of a
fluorescently | abell ed bionol ecule including the steps of: (a)

| abel ling a bionolecule with a fluoroph®re, (b) positioning the
| abel | ed bionolecule in proximty to a hydrogel particle, (c)
exposing t ' | ecul e 5 conbination to an ener

f1 uorophore-hi o 1 Y,
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intrinsgc chmpfHABABCEN SnetdiesbiRBOhEE Sapeifle (dF)ex@RinBtheMidRophore and

fluorescent em ssion. In anot’her aspect, the present invention

provi des a(@dtgtesting afuewspentemigsionhydr ogel particles formed into a
hydrogel material with environnmentally responsive crosslinkages and

a fluorophore; wherein said fluorophore-hydrogel particle 15

conbi nat i ofhpr pckesed  mvestibanaled pravidess cenmetlioghdbr vineneasingi tleel ingrinsic

an energy source capable of exciting the fluorophore.. Brief . .. .
Descri pt1 ofl O SCRRSEPEaiTyBoE s BHUHIe R o RE (Ah pstivuiRGthe intrinsicaly
facilitat edubesterdbignbleuleold proxiaitfeidid efdrelRs CharBéleONb) idkposing the
conjunction with the annexed draw ngs. 20 Figure la and 1b are =~
di agr alfrat biomaelpewsetn a@n ofrRergy sAWrcer dels ds ofapatie | efatexatjinga the intrinsic

hyd | ' i i i ; _ .
pept 1 de _ sgeparadt BEhibREcls SHRAREu RISk LIRBRREH
crosslink to each other and to concentrat pN PAM AA particles to

form am de i S f . . i e
ety - o {BOT Sphaitn 08 BT Rng dvsstien «pYidesna, compopitgn, gompripiny:
a di agr ammaydrogebpartiseatfaired intb d Meiregelaraterial withamviranmentally responsive
fluorescent conppound (ethidiumbromde) into a hydrogel material via

di f f usi on. cropglinkages| .aﬁﬂctauﬂélorqmeis Nowgeln seit dlusroplaredtydrogel particle
materif  PEEmbRBAHBH Piblilfices an enhanced fluorescent signal when excited by an energy
source capable of exciting the fluorophore.

Brief Description of the Drawings

Comprehension of the invention is facilitated by reading the following detailed

description, in conjunction with the annexed drawings.

20 Figure 1a and 1b are diagrammatic representations of the hrocess of fabricating
a hydrogel material with an inbuilt biosensor, whereby the protein or peptide
substrates of a target proteolytic enzyme are used to crosslink to each other
and to concentrat pNIPAM-AA particles to form amide bonds, in the presence of
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC).

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

ethidium bromide.



et hidium brom de. -6- Figure Id is a diagrammtic representation of

the process of digesting a hydrogel material preloaded with a

fl uorescent conpound (ethidiumbromde) using a target protease,
resulting in the release of reporter flu®rophore and pN PAM AA .
particles which can then be detected. 5 Figure 2a is a graph show ng
t he parti cFégwieztd f a pidgradintdEis r’epctrsmgleﬂtioparfttheImsc?ssuﬁnﬂgwmgmhydrogel
water at varioys te ratures, neasured by dynamic.light scatterin
(DLS). Fi g{lt&eny qrg%‘%ﬁaé Apth %ﬂH%eﬁge@tw‘eo%%qﬁdc@hIgi%%mm'ﬁﬁ?pwmmgarget
hydr ogel p | S $mﬁf ' tar i r S :
measur ed bgh%&?%ggn {:e I g nﬁ@%t I;ég?%%%g& r%&r{%ﬁ%b%o%ﬁ?ﬁ&ﬂl EAQ‘SAQ%&)S#IC'E}S
showi ng t hehidharegetbembeldetastgrbr at ure in turbidity of pNl PAM HEA
particles suspended in water or PBS. Sanples were prepared in
triplicate and error bars represent standard error of the nean.

Fi gur e 8la Figurep2eisogrgrpph showinggthehparticlb asicee o piNIPAM-HERRWydrddeh particles
particles 15 sus eng%gai% water, of the fluoresc ;hce of O. Jl Bﬂéu' )
et hi di um bFYFRENEEY N r alyagpds ierReTaiies: IRASYred RYndynasaic lighkgcattering
capillari egpyrsy.e heated to 37C on a heat bl ock before photography.
Figure 4b Is a plot of the intensity of ethidium brom de fluorescence
at various concentrations in water at 25C (A) and 37C (X), and in

pNI PAM HEA : e 1A )i &}g%

pr epar ed |E‘q’@%?? é%%eétaém Qﬁ‘@@?%g@%ﬂ%ﬁg&ﬁ‘; E@An%% rroqfé?g%?ﬁcﬁ’es
t he nmean. Siigpendedadn nwater ailvarioo$ tarhperahures) shegsured diyhd yhamicbigatrisdattering
fl uoreﬁgenﬁg ﬁt various concentrations in I XPBS at 25C (A) and 37C
(X, a [ lp "PAM HEA / 1XPBS suspension at 25C (~) and 37C (7).

Sanpl es were prepared in 25 triplicate and error bars represent

t andar d .th . Fi ' | ot of the intensjt f
Sybr ar cenF I 52 g OHNg S pReadeul fembsratdesndumiam SLaiBAM-
of plasm dHEMApaitiicsed i RpeRbONth datedsr PBS. V%‘eﬂnﬁ?é% (e prepared in triplicate

and error bars represent standard error of the mean.

Figure 4a is a photograph showing the enhancement, by pNIPAM-HEA particles
15  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 plof 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
20 suspension at 25°C (0) and 37°C (M). 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

/1XPBS suspension at 25°C (0) and 37°C (M). Samples were prepared in
25 ftriplicate and erroi' 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),



-7- and in pN PAM HEA/ wat er suspension at 25C (”) and 37C (7).

Sanmpl es were prepared in triplicate and error bars represent

standard error of the nean. Figure 6 is a plot of the intensity of
Sybr Green 1 fluorescence in the presencé-of various concentrations
of plasmd DNA, in 0.5XPBS al one at 25C (A) and 37C 5 (X), and in

PNl PAM HEAGRd SXBRIPANSHEASVater aUsREBiIoN at 2BC BT aid/B7°C SIpl Remplesavere
prepared in trilpl I.cate and eryror bars represent standard error of

the mean. PIeRAEI7N;IEPUCHEANDLETPRASIT fRieseoh standare geior of 1€ eanous
fluorescein concentrations in water alone at 25C (A) and 37C (X),

and in pNIlPAM 10 HEA/ water suspension at 25C (”) and 37C (7).
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standard e i : i I )
Thtonal 1y GaubohdenHRRe I dHURTONR, f B PXP8S ditfe Bt SBRESRS M8 37°C
253: (A5 ?nd>(l37£hd |>4)1 philifAMHEN/ PENP BIEABPEXNEBG ausasé@sgp and zgéqf(-).
and 37C ("L.. S es were prepared. 5in tri icate and eryror rs
repr esent é@!ﬂfﬁﬁ dvgprgf,epafecf ﬁb[rng&ﬁ‘.%e Bn Lﬁréo'gg’?rs% FeRyeapht §‘1§6‘Q/PF§§9Efﬁ'é°f
relative fijopeegence of 0.1 g/l and 0.2g/| ~ ethidiumbronde in the

presence of protelnase K pre-digested hydrogel nmaterial at 25C and
42C. Controls are ethidium brom de sanples dissolved in 1XPBS,

w t hout pres;siqaest e d e er ri w0 S - :
Gupl | oat boF (Gl o T pBgCLt RS HBhoscafBs! iRt Sol R firegeein
mat eri al , pomcertdidad N wWatet hailcohajratbQSHCdeA) BadwaTdD @it reerd (i) pISIPAM-

ft i /1), (2) 3l qof ' / pl 3) 31 of .
oxpes Ths "HERIaleraisengiah el L ARG g DM srarssigbe deeBsred in
Fi g 10a t otrilicake 4A8'erfr baR roXPBSchPstahasn) afdess Metmean35 N nutes
I ncubation at 37C. Figure 10c is a photograph of the sanples of Fig

10b viewed under. W illum nation, after pre-heating to 42C for 5-10
mnutes. -Pigure 8 is a plot of the fluorescence intensity of various fluorescein

concentrations in 0.5XPBS alone at 25°C (A) and 37°C (X), and in pNIPAM-
HEA/0.5XPBS suspension at 25°C (0) and 37°C (W). Samples were prepared

15 intriplicate and error bars represent standard error of the mean.

Figure 9 is a graph showing the relative fluorescence of 0.1 pg/pl 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-digesied hydrogel material. Experiment is done in
20 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)
3ul of proteinase K (100pug/ul) or (3) 3ul of 1XPBS has been added.

Figure 10b is a photograph of the samples of Fig 10a to which 100ul of
25 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.



Figure 10d is a photograph of a flat petri-dish surface overlaid with
hydrogel material, pre-loaded with ethidium brom de, to which

droplets of either (4) 1 pl proteinase K (100g/pl) or (5 2 pl of

| ysozyme (50g/pl) have been added and FBcubated for 135 m nutes at
37C, with the addition of 10l of 1XPBS. 5 Figure 11 is a graph

showi ng pr CFti%aﬁeﬂ06|i§§tphdtégfaﬁﬁ%ffahﬂaﬁﬁéﬁ:ﬂ@%l’€%hri@fce dVarpaiaseRAGydrogel
signal at 25C and 42C, using hydrogel materials pre-loaded with

gt hi gi ]ch][n breatedial, predleaded bvitimealéid{mg tpr:oéniﬂ@amewwcm drophetshgideidaen (4) 1
. o . . ) . " -

ohowi ng pr of SRR KV DokpAdRRP (R aRLRSRe OGS ol Bl 2B

signal at Zpfd aRdistdéd fHEMRG M @Qﬁisﬁ’@éwﬂﬁir@ Fdithorf 6PRREDf 1 XPBS.

t
et hi di um brom de. Experinment is done in duplicates. Figure 13 is a
graph showi ng the degree of self-quenching of fluorescence in

sanpl esgocwliiﬁgfé)qql iSTRL Elrdg@l s Fnbg?ﬁﬁggg\%h%ééétwiﬂgﬁgﬂ gﬂl'l'ﬁ%ﬂjteﬂﬁaﬁ%eﬂt of

di geste pr ot ease; perto red Ions Wt
1XPBS. Et hifiliovesdencei signateat 25°6 pne 420@dasingrityairogel mgtbrizge préjoaded with

di f f usi on. neriment . e.in | i cates. Fi qur 4 raph
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protease, by performing a hundred fold dilutions with 1XPBS. Ethidium bromide was

16  pre-loaded into the hydrogel by diffusion. Experiment is done in duplicates.

Figure 14 is a graph showing the ability of ten-fold and one hundred-fold diluted
hydrogel material, loaded with trapped ethidium bromide and digested with

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

Disclosure of the Invention

20 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
25 indicated in the specification, individually or collectively and any and all

combinations or any two or more of the steps or features.



shoul d be read and consi dered by the reader as part of this text.
That the docunent, reference, patent application or patent cited in
this text is not repeated 5 in this text is nerely for reasons of
conci seness. Any manufacturer's instruct®ens, descriptions, product
speci fications, and product sheets for any products nentioned herein
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i nteg s also noted that, jn this disclosure and particularly
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terns Wedc&%&ﬁﬂ&tlﬁﬁ%tbﬁ frowadgavidr NialuddQill be understood to include all values
within the range, including the values defining the range, and values adjacent fo
the range which lead to the same or substantially the same outcome as the values

immediately adjacent to that value which defines the boundary to the range.

Throughout this specification, unless the context requires otherwise, the word
20  "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

25 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.



description of the invention and apply throughout. Unl ess otherw se
defined, all other scientific and technical ternms used herein have
the sanme neaning as commonly understood to one of ordinary skill in
the art to which the invention 5 belorg9.- Detailed Disclosure of the
i nvention The present invention provides a conposition conprising: a
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"enhanéﬁ @Png%nhancenent") it is neant that the presence of the
hydrogel particles, in addition to the fluorophore, in 15 the
conposition results in the intensity of the fluorescence signal

gener at ed Delailed Disolopwrei afithe inveintigngr eat er than the intensity of a

fluorescence signal derived from a conposition conprising the
fl uorophore and not the hydrogel particle. A hydrogel is a
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hydrogel s can be based on . a variety of nonomer types, su as those
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nononer cl asses are typically crossli nked WI th such crosslinki ng
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smal | i tl“f’]ecgon%&?t%ﬂ LS Ié%ﬂ%&%‘f the fluorescence signal generated by the

composition being greater than the intensity of a fluorescence signal derived from
a composition comprising the fluorophore and not the hydrogel particle.

A hydrogel is a water-containing polymeric network. The polymers used to
prepare hydrogels can be based on a variety of monomer types, such as those
20 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, th_esé monomer classes are typically crosslinked with such
crosslinking agents as ethylene dimethacrylate, N,N-methylenebisacrylamide,
methylenebis(4-phenyl isocyanate), ethylene dimethacrylate, divinylbenzene, ‘and
25 allyl methacrylate. Particles can also be formed by coating a hydrogel layer e.g.
pNIPAM around a core of metal particles e.g. gold nanoparﬁcle (Kim and Lee
(2004), Polymeric Materials: Science and Enginéering 90, 637-638) or polymer
particle e.g. polyétyrene particle (Dingenouts et. al. (1998), Macromolecules 31,
8912-8917). Hydrogel particles can be forméd as small units of crosslinked

- 30  monomers.



-11- The hydrogel particles of the present invention are preferably
formed frompoly N isopropyl-acrylam de (pNIlPAM. Mre preferably,
the pNIPAMis polynerised with the copol yner hydroxyethyl acrylate
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may be determined by the skilled person-using routine and well-known
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by the skilled person using routine and well-known methods.

20 The hydrogel particles will preferably affect the fluorescent intenéity 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, reéulting in a phase separation. It
is well known that, pNIPAM exhibits a LCST of 32°C in water. pNIPAM copolymers
25 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
30 possessed a highe'r quantum vyield in a hydrophobic solvent compared to

water



may increase the fluorescence intensity of hydrophobic fluorophores,
whi ch 30 possessed a hi gher quantumyield in a hydrophobic sol vent
conpared to water. -12- The random scattering of light fromturbid
suspensi ons of pN PAM copol yner partiecllés- may also play a role in
t he observed fluorescence enhancenent. It was reported that random
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Intrinsic fluorophores refer to substances that are fl uorophores

t hemsel ves CORMYDICA S¥8i®Fbund of interest may be detected by attaching
an extrinsic quorophore to the conpound and exposing the

f1 uorophore- c QrEound conbi nati on to an energy source cap bl e of ,
exci ting tRE EPbIEERIBAREr SR et Tlyorerhpior ofﬂﬂﬁfﬁécQ% ¥'a fluorescer’, or

f1 uor eggenty) &jr90KbmeP": r@ﬁ@@é'lﬁgr&%n 855 lgt%%aryecﬁ.ﬁvélé Ségﬁ%ghe term

conpound of I nt er est to an energ urc
"fluorophore” means any substance capable of fluorescing, that is a substance

that emits electromagnetic energy such as light at a certain wavelength (emission
wavelength) when the substance is illuminated by radiation of a different
wavelength (excitation wavelength). Extrinsic fluorophores refer to fluorophores
20 bound to another substance. Intrinsic fluorophores refer to substances that are
fluorophores 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 fILlorophore emits a fluorescent signal, or exposing an intrinsically
25 fluorescent compound of interest to an energy source capable of ekciting 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®
30 350, Dansyl Chloride {DNS-CI), 5~(iodoacetamida)fluoroscein (5-IAF); fluorescein
5-isothiocyanate (FITC), tetramethylrhodamine 5-(and 6-)isothiocyanate (TRITC),
6-acryloyl-2-dimethylaminonaphthalene  (acrylodan),  7-nitrobenzo-2-oxa-1,3,-



intrinsic fluorophore itself such that it emts a fluorescent signal.
Exempl ary extrinsic fluorophores include but are not limted to those
listed in the Mlecular Probes Catalogue (Invitrogen, CA) which is

i ncorporated by reference herein. ReprdSentative fluorophores
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brom de, sybr green | uorescein. Representative intrinsic
f1 uor ophor reﬁ@qemtduoteﬂrmrredilaﬁm@enbpgﬁﬁncotmmtmuaagd derivates thereof.

For example, the extrinsic fluorophore may be selected from the list comprising

20  ethidium bromide, sybr green 1 and fluorescein.

Representative intrinsic fluorophores include, for example, organic compounds
having aromatic ring structures including but not limited to tyrosine, tryptophan,
phenylalanine (and proteins and peptides with these amino acids), NADH,
NADPH, FAD and vitamins. Additional suitable fluorophores include enzyme-
25 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,
30  sulfurhydryl, and other functional groups found on proteins, peptides, SLigar
groups, etc., which themselves are then linked to hydrogel particles using similar



having aromatic ring structures including but not limted to

tyrosi ne, tryptophan, phenylal anine (and proteins and peptides with
these am no acids), NADH, NADPH, FAD and vitam ns. Additional

sui tabl e fluorophores include enzyme 251dof actors and | ant hani de.
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non-revers [S'P %2 fluorophore with a hydrogel particle are well know
to the.skilled person. 5 The fluorophore nay al so be associated with

t he hydrogel particle .the follown met hods: (a) Coval ent 1i pking
to conj ugate(ghcexalﬁﬂh@%ﬁen@ E%%IH% @Sxﬁlﬂ%ﬁ? Bep w&ﬂpi%h@we@bpamcle

fluorescein i Soga. OPHRRE oinf! lidothRRgAndtet NwitNl RN a'vmq gNIeAM-allylamine
copol ynmer particles, wth the amne”group present on allylamne
formng a 10 comzilgmer parittied, twithf thecaraieegroup gresedaon yilylgntine forming a
extrinsic fluorescent ,dyes jnside the, porous hydrogel particle (eg.
pNI PAM™parti cl eCovglent ‘Q"t%ﬁﬂorﬁsﬁ‘ﬁ'%phores may be carried inside

the particle, with the fluorophore not being covalently linked to the
particles. The.fluorophore can diffuse out rapidl once th .
FFor ophor o- BF PoTHBoTBeLERTSF dibtesseat Sies aue dle,pbais hufroge! particle
particles rea_Ch(égh%'NiPhﬁﬁﬁaﬂﬁl@’ar&?&r‘o@k%ﬁ&‘ﬁhér PhBREORRY e lcartbdPishie
qui ckly, leadingto a reduction in the particle dianeter at its
LCST.). (c) Car%pi payticlenwith te fluptephere net beingypavalgetly fekeg taathe(payticles.
eross-1inking %The fluorophore can diffuse out rapidly, once the fluorophore-carrying
15 particle is placed in a solution. As the particles reach their LCST, they
excrete their fluorophore load more quickly, leading to a reduction in the

particle diameter at its LCST.).

(c) Carrying- the fiuorophore inside -hydrogel material (eg. cross-linking a

network of hydrogel particles to form hydrogel material and allowing the

20 - fluorophore to diffuse into the material ovemight, 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

25 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



networ k of hydrogel particles to form hydrogel material and all ow ng
the 20 fluorophore to diffuse into the material overnight, through a
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attached to the hydrogel nmaterial, it-wWl-1 diffuse out upon placing
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coval ent bonds and some will be physically trapped in the hydrogel
particles and the hydrogel 10 material matrix through entangl enent.

In a pref el aprefepedtaspect abthenneenticm thereds 9r¢\ed¢ai ejogiesebsition comprising:
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conpo e} SARg the step of: conbining a fluorophore and a
hydro?# pgr ﬁc@ém A\/\ﬂerel n said nethod

The invention further provides a method for making a composition comprising the
step of: combining a fluorophore and 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.

20 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.

25 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.



generates a conposition that produces an enhanced fl uorescent signal
when excited by an energy source capable of exciting the
fluorophore. 20 In a further aspect, the invention provides a nethod
for meking a conposition conprising thd6step of. conjugating a

fl uorophore to a hydrogel particle; wherein said nethod generates a
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In one example, the carrier comprising .a fluorophore may flow over a two

dimensional flat surface coated wholly or in part with hydrogel particles. The two

dimensional flat surface may alternatively comprise hydrogel material which may
20 be coated in hydrogel particles.

In another example, the carrier containing a fluorophore flows through a porous
three dimensional matrix comprising multiple 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.
25 The three dimensional matrix may be constructed from a material such as

controlled pore glass, or may be constructed from hydrogel 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.



di rensional flat surface coated wholly or in part w th hydrogel
particles. The two dinensional flat surface nmay alternatively
conpri se hydrogel material which may 20 be coated in hydrogel
particles. In another exanple, the carrilér- containing a fluorophore
flows through a porous three dinensional matrix conmprising nultiple

hydrogel palutaraldshydéheardforaaldghpenetngdn mido ibe Byd donpokslink particles
hydr ogel particles enbedded within the patrix, or the hydrogel
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material . pgtioogel material is formed by crosslinking hydrogel
particles to forma three- dinensional network. PEG and salts such

as alum nium acetate [see, for exanple, US Patent 5,069,908]. A
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Macr oy eclimigsg dRatepibls Qvich dre theeslibstiaté! of( d89m e HIBAR2tHe0 fstnation of
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specificity. This allows the formation of biosensor hydrogel
material. US Patent Application 20030138490 (Hu et. al.) and US

Pat ent 6, 498, $ilentlApplieatiomi200B0138490 QHW igde ) f &nd hes Phisft €497,903
cross-]inkers that spontaneously degrade in the human bod¥. Such
at s

cross-13 nkefanak etpedn provigler & dwidlen class of cross-linkers that spontaneously
degrade in the human body. Such cross-linkers have been used to crosslink

hydrogel particles and bulk hydrogel to make drug delivery media. Unlike our
invention here, these crosslinkers were not designed to be the target of selective

enZymes.

20 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

25 the fluorophore. |

Hydrogel materials may be_ formed into three diménsiona] 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

30 the crystalline matrix to produce an interconnected porous polymer network. Since



hydr ogel particles and bul k hydrogel to nmake drug delivery nedia.
Unli ke our invention here, these crosslinkers were not designed to
be the target of selective enzynmes. 20 The hydrogel material may be
formed of the sane hydrogel particles a88the hydrogel particles that
are enhancing the fluorescent signal, or may be formed from

di fferent thatitiogelpopsud hydregel rﬁatermtahm@been posmared sthgogait, stetese, and
may be forrred of h aI uronlc acid units, and the pores of this

hydr ogel 2 POFRSINEH ENGE: ROTONP W%rfﬁﬁ@r'abaff’%\f%%%” used
whi ch enh ‘Ffﬁmf

mat eri al saén}‘&aﬁn %@Sﬁ#} gqeggl%m 0 tﬁrg@%go%ﬁhggﬁgrﬁng%%gﬁawetg Rn%%ggggﬁﬂf S
adding a pwhemngeﬁsaﬂlasl age tihtendedutacingresv dfita Hee hpdrouge hydsogef | rétwork.

o BB et 59 AR IR A, TR B ot o

crystall i n@oast1rs1x (RSP S RE GUSEY, 551 BRI ENBaBNG. @750 ggsal | i ne
matrix to produce an interconnected porous polymer network. Since
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one enbodi nent, the hydrogel particles and/or hydrogel material is
cheni cal | yis, itienpt Erslive @admnt hipregogpativee(nob spbableidringding dhe sempound
(which ar t Iy
fl uoresce o%’&gt[eE{é% 'Féc#géﬁ%pgégéﬂgpf%@%Qﬁ%ﬂcﬁ)uﬁdﬁﬁdf@h@b@g%&nds
to be detected, for exanple covalently bound That 1is, IS not

(At SR8 deljoBl RERRORS “Rel T8 sFAREY B h"ﬁ%@sqgﬁ%dm%ﬁmﬁ‘f be
nol ecul e) . madefiraRy hodigiel nitdril e thay be niddet fremrdonse otHertsbitetle substance
di mensi onal matrix nmay he nmade from hydrogel nmaterial or nmay be made

from d8me NS glasssdy lica;pEppsxample, silica microchips may be used to form the
two dimensional flat surface. In one aspect, there is therefore provided a flat

surface, such as a silica microchip, which may be provided with multiple island or
spois comprising immobilised hydfogel particles. The fluorophore may then flow
past the immobilised hydrogel particles. Alternatively, the flat surface may be
20 coated in a film of hydrogel particles, or a hydrogel maferial, over which the

fluorophore may be passed.

When the two dimensional flat surface or three dimensicnal 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
25 fluorophores in proximity to the hydroge! 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 compoun'ds of interest
extrinsically linked to fluorophore tags may flow and be both detected and counted
30 more efficiently. Additionally, the efficiency of single molecule counting as



15 such as glass or silica. For exanple, silica mcrochips nmay be

used to formthe two dinensional flat surface. In one aspect, there

Is therefore provided a flat surface, such as a silica mcrochinp,

whi ch may be provided with nultiple isl-d+ or spots conprising

i mobi | i sed hydrogel particles. The fluorophore may then flow past

t he i nmobi flusexphoyek digel thaighc ttes . malrixe et ibeelimprdved thratighutHeacee of
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matri x may t hr ough ] ch spec ch as

trix, '
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t hrough the..matri be i nmpraved thr h the usg of nanopores. The
ability to%ﬁ%m‘f’i‘f%%@"vn%gﬁﬁ?'e§i QPQRE'H%\RPFP@‘W @ ul es under
practical conditions may have nmany inplications for nedical :
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may have agagétyl BF LY.9.0EomBaRiet hdlRIifGUGRRe ARY Coinind(OBRhiRgY! §8cor
according to size. For exanple, a porous silica matrix rr_aé( be Used
for size eglasaeshorControhed updren gasasisngCPbaketlydpmgel t partishr dilwisz ey fbe

the silic f.L owin eci t.hr the.porous. silica
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(Corning's VWcor glasses) (Controlled pore glasses, CPLs). Hydrogel
particl fppﬁaé,lsngl’?lsgemay be created, where the hydrogel particles or fluérophore are

embedded within the walls of the glass.

Controlled pore glasses are typically densified glasses with a known surface area
and pore volume/size.ﬂ:l'he densification of these porous structures- can render
them relatively inert to a variety of pH's and solvents. Glasses can be readily

20 purchased with narrow pdre size distributions as small as a few angsiroms 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
25 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.



deposited on the inside of the pores. As an alternative to using

known porous gl asses which can be Iined with hydrogel particle filns
or films of fluorophore, a 15 porous glass nay be created, where the
hydrogel particles or fluorophore are -@%bedded within the walls of
the glass. Controlled pore glasses are typically densified gl asses
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measuring th resence of a f]uorophore conprising the steps of: (a)
fl owi ng sak’ﬁ?hgéame&ﬁ@'ﬁﬁﬁﬁci%w@gh a porous three di nensional
matrix conprising nultiple hydrogel particles, (b) exposing the
fl uorophore and the hydrogel particles to an eneg)?%;ﬁsource that is

Yy .
capabl & of TBRAN¢RY Rhectering BpAGasUrian dq Blesgare tytogophore may also be

carried out using an immobilised fluorophore and flowing a hydrogel particle over
the fluorophore. The two dimensional flat surface and three dimensional matrix

and material structures may be the same as discussed above.

There is provided by the present invention an apparatus for detecting or
20  measuring the presence of a fluorophore in a sample, wherein the apparatus
comprises: hydrogel particles, a flucrophore, 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
25  fluorophore in a éample, wherein the apparatus comprises: hydrogel particles, a
fluorophore, a subétrate in the form of a two dinﬂensional flat surface and an
energy source capable of exciting the fluorophore. The hydrogel pariic!es may be
on the surfacé of the substrate or the surface of the substrate may be formed from

-hydrogel material.



fluorescent em ssion. The three dinensional matrix and materi al
structures may be the sane as di scussed above. 15 The nethod for
detecting or neasuring the presence of a fluorophore may al so be
carried out using an i mmobilised fluoreghere and fl owi ng a hydrogel
particle over the fluorophore. The two di nensional flat surface and
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particles, a fluorophore, a porous substrate in the formof a three
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can placed in the spectrofiuorometer and exposed to an amount of exciting energy,
the fluorophore emits radiation that is detected by a photomultiplier tube. The
fluorescence intensity of a fluorophore can be increased in response to an amount

of exciting radiation when the fluorophore is placed near a hydrogel particle.

20 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 fluorophoré,
(c) detecting the fluorescence emission, and (d) identifying the nucleic acid based

25 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
30 fluorescence emission from the nucleic acid, and (d) identifying the nucleic acid

based on the fluorescence emission.



i nclude arc lanps and | asers. Detectors can include photonultiplier
tubes. Additionally, it is advantageous for the device to have a
nonochromator so that specific wavel engths of light may be used to
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exciting the fl uor.ophor e, %; %}iect [ gg-eége fl uorzﬁscence em ssi on,

and (d) mBH'EF’M‘%@&%Sﬁ &PY e Figrs seguepfialiy demoyingea feprescently
d

em ssi on. ’dbgent | ﬁl%le&fﬁ@ (CHTEﬂésmérﬁ]lj% pfh%sﬁﬂklebﬂéfg%' @fbxﬁﬁﬁy igles ﬁ¥drogel

met hod for yl ng I"el ¢ aci he nmet ng the
of : (a) popattlcmal(ngeapmmng dhe nacledtide tommgnemgyysamrca chpdblegef excmng the

article, gb he .nuc tQ _an ener sour ce. capabl

P e 1 niAmENBRE o8 detfeetrd Rt redtafitn ARt ¥y <itkEEnor G Rnfted
30 fl umy eseRistOrEwits $he RiehtigafitAe nikilotite. aci d, and (d) identifying
the nucleic acid based on the fluorescence em ssion. -22- |In one

enbodi ment, the background fluorescence is not problematic because

the intri Ash@tﬁddlﬁlj %%EBF@VKI@H“ f&edéﬂ&hﬁﬂﬁﬁ%ékeﬁ]@l@%e %ffrﬁlﬁc‘jelbhé‘dlﬁé))fn a

reducing the noise to signal ratio. |n another embodi ment h
nucl ei ¢ acsamplenbyhe giepsiafi @d sequentialy rmlmwcm@t@pe&)rmsmonmg the

method 1's. Praey ik ERrgetlfors M5ORRET IR ISk 1Ot I oo to an
| abel | ed enelgyisoudcs Bapabie af @ﬁﬂﬂhgtﬂ%fﬂ%@s&éﬁé@opﬂne r(tﬁﬂec&ﬁi@uem)tdeﬁééﬁhg
r enovi n§ a fluorescently |abelled nucleotide, (b) positioning

nucl ectq detheneipitisd radigtiane andrigd cogelatingahe; @n@ted(r@ﬂlaélfapdglitmgm hﬂ@ntity of
nucl eot i dejHO SRS 9y source capabl e of exciting the '

Methods for sequentially removing a single nucleotide from a nucleic acid
sequence such as an oligonucleotide are known in the art and include sequential

digestion, hydrolysis, and chemical cleavage.

20  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

25 coincide with the positioning of the nucleotide adjacent to the hydrogel particle.
The nucleotide ¢an be exposed to a source of irradiation with one or more
wavelengths. In  a preferred embodiment, the nuclectides are excited at
wavelengths below 300 nm, -preferab[y from 280 to about 295 nm. In anaother

embodiment, the excitation wavelength is near 520 nm for multi-photon excitation.



fl uorophore, (d) detecting the emtted radiation, and (e) correl ating
the emtted 10 radiation with the identity of the nucleotide. A
nmethod is also provided for determ ning the sequence of nucleic acids
in a sanple by the steps of: (a) sequefBi-ally renoving a nucl eoti de,
(b) positioning the nucleotide in proximty to a hydrogel particle,

(c) exposi ggillt dotheie lepfiddiMeh® pBvideses Biefhdr &7 FrPedify Ahe efdrbsdshce
the fluorescence of the nucleotide, (d) detecting 15 the emtted

radi ati on, indeRsitye)f acBuorepegntlyjabeliedchipmaleruleicitdion the stepse& (a) labelling
| dentity O%{gg{o?@é@@ée\%ﬁ d&-qd&%;ﬁ\?&a f(BLé)%gﬂigﬂmdsm%xat[i&@vb@naecu]e in

si ngl e nuc om'a nuclerc acrd uence as” an

ol i gonucl eptoxiteitar o kaowpdrogel heartsle, Aol exsddiale theq frpdépHore-biomolecule
di gestion, hydrolysis, and chem cal cleavage. 20 The nuc] eqtide can

be posi?i ofe bi'"_}@tiBF'dS?ifr‘ﬁ 13/ i%¢ ‘_é%f?@r%@*eis ??dﬁb@'% ok exgiting 18¢ fyorephore and
stream of )fdetgé&ir@aétwﬁlg&.ﬁgggﬁ@érﬁfsg%ng nucl eoti de to pass near a

surface cont'al ni ng ydrogel particle. The hydrogel particles of
such surfaces can be thin filnms or islands of hydrogel particles

that form papt gpéseﬂz Sl‘?l(}gll]ﬁor?hﬁ%’eprov @(Hﬂ(e;%a . iﬁé}ga@Hﬁl Bl i]iﬂﬁinsic
to exciting enérgy (such as a soufce of irradiation) can be“tined to
ﬁSdcoi nf:i dﬂuw’esi::emdmoﬁ@Sidmulﬂebuledino‘:iutﬁmg thetsltambf:ga) positoEng th@irtt#’ilesically
ydrogel particle., The nucleotide can be expgsed to a" source of,
o at | SRUGHEERSHBITBORGHE MVOIGN Ko THORas dpstie (Smssapias the
the nugd eopiesiedliE 5 Car eéinélg% r%beﬂ%hd% l}?drgé‘ﬂlego& %&bitiﬁgefr’?‘é 3htrhsic
from 280 to about 295 nm In other enbodi nent, the excitation

wavel engt hflugreseamces@itharidmoladule dnpn) detecting a BudrescentZgnission! |

anot her enbodi ment provides a nmethod for increasing the fluorescence

intensity of a fluorescently | abelled bionol ecule including the steps
of : (a) | aliemill e appreciatededhéie the t preseht uoverptioor éncldds peositiarimg nof a

the | abellgd biomlecule in_proximty to.a hydrogel .particl Cc) ..
exposi ng. t RETHIGORE pEer e BrPaey redinde i PoritenRan gl bartice
sour ce t hajdjagefrBaiboRicuf®i dy'\§F th8/liddidsiodiBbSinfdifls, (c) detecting
a fluorescent em ssion. The present invention also provides a nethod

for increasing the intrinsic
156 The term "biomolecule” means any carbon based molecule occurring in nature or

a derivative of such a molecule. The biomolecule can be in active or inactive form.
"Active form" means the biomolecule is in a form that can perform a biological
function. "lnactive form" means the biomolecule must be processed either
naturally or synthetically before the biomolecule can perform a biological function.

20 Exemplary biomolecules 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,
phytoftuor, peptides, lipids, antibodies and phycobiliprotein.

25 In another aspect, the present invention provides a composition comprising:
hydrogel particles formed into a hydrogel material with environmentally responsive
crdsslinkages 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.



fluorescence of a bionolecule including the step of: (a) positioning
the intrinsically fluorescent bionolecule in proximty to a hydrogel
particle, (b) exposing the 10 bionolecule to an energy source that is
capabl e of exciting the intrinsic flueiZdscence of the bionol ecul e

and (c) detecting a fluorescent emssion. It will be appreciated that

t he presenByi sndrdrimentaig lregesngdasi it iignineenbihat tHel erdyshcke eesirac entan
to a hydrogel particle or EOSi tioni sr}g a hydrogel particle adjacent
to bi onol eEOVIEORAeRI, fagtor By chpBaingsBgiraitie® ag Myscontrcting areppanding or

" bi onol eculygqyJRaNs Tﬁ@yerﬁzfrbﬁmég?é}iﬁgtog}ﬁﬁgpé %n}é%i%%iré;gf hrba?i%h}‘égfa%ﬁors,

a derivative~“of such a nole eécul e can I'n act’
i nactive feuch as"tsotpereturer ofiemizalss dérmymusoets! ePrdferadldy,i theaefvirommidraslly

can performa biologicgl , function. "lInactive fornt ans the
b ool €2 vl EPSPROENGE TR Sickss i DiacBREAdatla e, i H5GTaRed i RIGrogl agfion or by
before thechianRli€aHlich.can performa biol ogical function. 20

Exenpl ary bi onol ecul es i ncl ude nucleic acids, aromatic carbon ring
structures, NADH, FAD, ani no aci.ds, carbohydrates, steroids,

flavins, p ' n%NA HaAQn [ eptd NEGC| E1-Ciiini
acids, fat ‘t‘r@/égfcl:llmﬁgfjpé%gar gpgugé‘bgﬁcﬁﬁ‘g?ﬂ%@@gg%a Q‘[dé&l‘,?alvﬁfaﬁnﬁglpmg the
cof act or s, flponophess with ithe diydesgelf particbesn pribr fodsrosplinyknar o oisem  hydrogel
phyt of I uor ept i ,. lipids, antibodjes and ycobi |l i protejn. 25 I
ot her - as peral; Afsian B sSigaher SHieRs aLeck ARsspebyehols ficrophore
conpr i 3 Ngmay W& idftboRdéd irfth e fPoSHMKRGES tiat DEHOSHR h}KfPeré! Bartiteshinto
environnental’ly responsive crosslinkages and a fluorophore; wherein

fsiai d fluor bmf@geulamr@eﬁhparwhenéhe cmﬂsiinlsage@rarprdﬁgna@@d,etreélu?m s
o e e 1 B R BB REN Bt e

neant t hat wilhihepr @saltiimlehhars@asdt bPtRNfluGBYtérmEiRMIall thaGlueFoghore when
changing their nature eg by contracting or expandin radi ng.

d
The envi r ofiferftugrophereors mxposedofe an ﬁﬁ@@yoﬁoarqea?qa?@éyleofogf geitng  the
h t : Lcal s, f W,
such afs e{l[gﬁo?hgfé? # cal i aewquE@n%tfc rg%%esgﬁg%?ﬁl 8? Nfe process of

envi ronnen responsive crossli are bi ie a
degr aded bgrepacingtsuezh aalocydrogelanateyial.enzymati ¢ acti on. )

The biodegradable crosslinkers may be made from a range of substances such as
proteins, carbohydrates, polysaccharides, (eg. dextran) DNA, RNA, lipids, fatty
acids, lipoproteins and other biological macromolecules etc. Preferably, the
20 crosslinkers are made from proteins or polypeptides. More preferably, 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.

25 The compaositions, methods and apparatus of the present invention may be used
for a range of other applications where flucrescence 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 éntibody, which may
then be detected as the hydrogel particles enhance the fluorescent signal of the

30 fiuorophore to detectable levels. The interaction of fluorophore and hydrogel

particles to produce an enhanced fluorescent signal may also be used to increase



The fl uorophore may be | oaded into the hydrogel material by combining
the fluorophore with the hydrogel particles prior to crosslinkng to
form hydrogel material, diffusion or sone other suitable nethod.
Alternatively, the fluorophore 10 may b&dncorporated into the
crosslinkages that bond the hydrogel particles into hydrogel

material . ThelSuordsient bgsdlopsendityaige applicatidfsr aeted ast RecrbEmipr apdise (eg

is released along with free hydrogel particles. The presence of
hydr ogel parigiogrey chips forseaHeneisal hybridisatiearielrsaguesicingesactions (eg real-

f I uorescent;si ghaled Tnﬁ&%ﬁdftgggég&?gﬁﬁp%ﬁas ahﬁ%%ga%g%?%&és? (9 tagging

exposed to an energy source excrting I'UGrop

Figure 1 i suffadé agarkarabf eellgpelasminisatrizd paitirighetc)r Otegsapmlications include
preparipng such a hydrogel material._The bi odegradabl e crosslinkers

may be Prad&iSer 8% ‘f“’é’lﬁ‘@ée'ﬁ?' §8P8eranfarstaxing, that hﬁ?’%t%‘i‘@@??tic_ activities e.g.

car bohydr ajgs;inBf m@%@%sriciﬁ RRing’EvbEiRked ’row’thét'é}bqéspéﬁéi&é/ to

acids, |ipoprotelns and other Dbiologifcal macronol ectules etc.

Pr ef er abl y thedeetaX, dnodsgradieg sr atterinmdbeif rstmciuretseichsthat the fluorophore is
ol ypeptides. Mre preferably, the r | jnkers are nmade from a

brotein, pedeRdth andsae yiuepcee! Shael PETGCUHIOREYE 1By oasnd S erepghce

exanpl e, tRe KdpSgell pHRicRsTheREtHER IR0 HBrE oM BRpSRIGUBD &H @#é\'éy source

(BSA) which can be degraded bty proteinase K or a range of other
pr ot ei hdsesapaileTofe exoitipgdhei fusophereh sixma rmnvipppeeatalstoginst by nature are

there 11 uof Baissnen By ATt & Mon tebCHEE g 10T ERBRSEHL Brearent
of | ow | evelkeisan semsoRoidraaddthgnsideal PBM@ﬁ@p@t—d@%@ﬁiMnaﬁim Sensors
pollutant with a fluorgphore | abelled pollutant specific antibody,

whi ch may aPfeindifatens det sipgRPstine PHIRGSEE BN aMEREF e ¥Pre MPAITEENg hehemical

fluor escen}e&#gﬁ?lin va Tri'%?y éps%{i%QMFg cBﬂteﬁiﬁél‘iifétdabl e levels. The

i nteraction o uorophore an roge particles to produce an
enhanced fluorescent signal may al so be used to increase -25- the

L A e R e T e
reactions @atigereterdotions s eq eFldBAg westernt Bigptimy ivinmuapgoctemiang or cell
mol ecul es gIairgiR(tg.e ' ésr%e(g thgg%ons% sensitive ELISA assays use fluorescence for
detection. For example, the alkaline phosphatase substrate, Attophos (Promega), -

has sensitivities in the attomoles (10‘18) range and use of the method of the

20 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 Blofting and fluorescent antibodies are

commonly used in immuno-cytochemistry applications to locate intracellular and

extracellular antigens.

25  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

30 detection 'faster.-- Furthermore, other isothermal DNA/RNA amplification and
detection technologies sudh as Strand Displacement Amplification (SDA) and



surface markers of cells, chronobsomal painting etc). O her
applications include 5 use as environnental sensors for toxins that
have enzymatic activities e.g. botulinumtoxin (botox) or ricin
usi ng crosslinked hydrogels that are regfonsive to these toxin, by
degrading or altering their structure such that the fluorophore is

rel eased ahdicleie AlcidiSeqaemet Basgt Amplification (NASBIhaae diste beasfitdirdm this
the presence.  of hydrogel particles when the fluorophore is exposed

to an ener BFNEBIAGYe 10 capabl e of exciting the fluorophore. Sone
environnmental toxins by nature are fluorescent e.g. aflatoxins, a

l'i ver cancer causing toxin is intrinsically fluorescent. Li keW| se,
sensors fof haabdlity ihgnhargedinareseance and bepea signakevarlaismbagkground may

Sensors [é%ﬁj ﬂBdthga&éVe 5; ént%f%%%éé# andl 1hé1e ;?-{tﬂ F‘@ﬁ’]ﬁaér%?s and other

nmoni t ori ng chemi cal variety o ings aré a

cont enyh at ﬂdorotésc@nhejet@cmphl daticene.d. cftudrhmel:nfres Sairrently entdst rievivel uebed
appl i cations tha use anti antigen interactions, e.g, ELI

western bl 81"‘!"?@6 iSeRgYe c HeaMSas, WHCh cale  Veryi %R?d's'\@or?é“ﬁfb'g h&Y
nost sensi %l‘gl"{grlugh#;l ng?é%\sﬁéﬁ‘{?&eéﬁdwrtﬂéca%efroénd @ﬁj}aef%ff' Bt IeF%rse sitive

exanpl e, at ase substrate, Attophos Prorrega as
sensitivi tCéM)Smammfaatcamh&Imd(lméteBﬁ) range and use of the net hod of
the 20 present invention may be able to increase this sensitivity by
addi ng hydrogel particles that can be supplied pre-loaded with the

f | uor ophor €he Fhigoaanesicleyd regelaarxbflubidpimewl o lprasdajcm annndrea¥es flaorescent
Blotti and f uore cent .anti bo s . ar conmo

used in .
mmunol Lyt SR8 ol IR 10 MG PRI Se F Bl devios that
extracel | upag s%ﬂ%é%@sﬂuo?éc@h@%al %{@_’f‘éﬂe@' by”‘ﬂﬂl U@PFéd?sﬁ!ioﬁf of 4 hydrogel

present t echnol ogy 1s t o enhance uorescence
si gnal . Redlataniate IMtCRpadiclege todt r@lessengofe ﬂ@orgpr@rre Digading teRNan mereased

dot cct abi oEsage ™ SR I e draRhod R, bERd R AR irB ot pueroy
f 1 uor escentapatilg o lexeitihg nise Aedtophetd athyobe UB@d i ey the yelehbeof didgs or
may be EﬁgSSl ble to nake 30 detection faster. Furthernore, other

i sot hel IR O i@ &% 1R COMEMIENES ©t®n t echnol ogi es such as
Strand Di spl acenent Anplification (SDA) and - 26-

In another application, changes in temperature may be detected by using the
present composition of hydrogel particles and fluorophore. When the temperature
exceeds the L.CST, the structure of the hydrogel particle bécomes hydrophobic
and intensifies the florescent signal of the fluorophore after éxposure to a source
20 of excitation 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
25 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 soluﬁon, the hydrogel chosen, the pH 6f the solution, and the solvent

used to suspend the hydrogel particles.

Hydrogel particles-fluorescent dye mixtures can potentially be turned into random
30 lasers; thereby, increasing the field of applications. Some possible applications for



Nucl ei ¢ Acid Sequence Based Anplification (NASBA) may al so benefit
fromthis technology. The ability to enhance fluorescence and hence
signal over noise background may |lead to the devel opnent of cheaper
and nore conpact PCR machi nes and ot her 275 fl uororescent detection
devices e.g. fluoroneters. Currently, nost devices used extrenely

sensitive EEAmANBIAS MBILEE BHIhtChXeRXBE MbNiBraNfehbi@: tdRYper8iffié Wenlers
fl uorescence detection, the cheaper and snaller, but |ess sensitive

CMOS caner apddaserwesprysive aresgencyTbeatonmbicicear he dispigyiddoe Hisineds boats
f | uor ophor p an tncreased f.lugrescent 10 signal can al so

be i ncorpo%ﬁ{j&? 4%?%%@%%@\""88@%%?%99?qS&FS'exarrpl e a device that

can sense the fluorescent signal generated by the degradation of the
hydr ogel teri,al int rticles and. rel ease of flyorophore |eadin

5 a0 F nor dediydRodi i deRaioring hafSknsaiver R s PIRIRGED Pe sfdeeaehee
to an spurgad desgoed Hppli6aRHY, FRf exrfplel ri&,grﬂab@s fdd@ﬁﬂynwo?némbqab&j with

used to trigg_:fﬁri the rel ease of drugs or 15 chenmicals to neutralize
t oxi ns, coAhWW@NaPeres aanche pPredaidwithr eayifgrineentaliy respoastyesydiogel material

hydr ogel - parbed W A0 fleSianT o et RE i REPRRS il Jpecipn
LCST, the germiintty theodpdrbe intyHaegsia Mad taciie haton® mdyasaiphfimbersatsey
intensifies the florescent signal of the fluorophore after exposure

to a sour cBIOSYICE PEXEPEEE Hirteieatde Bes anvirenRgNiglhr dpepeRsive hydrogel
hydroggy SH%?ér‘l:’éfcﬁ?@r@l‘ﬂnggﬁﬁééﬁ%ﬁ?%@f{ﬁggﬁatf&ﬁ?&pmr@g I?ﬁtgvﬁbérgéash%c'irogel

changes i n tenperatire anges 1 n fluorescenc
For exanpl partichdisPand HimerepHdtSTcant hd Matectedalne shinifidner kfser dight bniis from a

i ble to detect h ' enper a e that ingregases th i
Femper at ur 6% CtBRG ARSIl il briAtRS CaTtiHasANYd grahus THPelprage 2
by 25 neasgyrdeen Id%%rfahé%n@i?ﬁﬁ?bh?ﬂgwsc@ﬁcé Hat thHYORRBF&Rd dy8ehdord akin

of a hydrogel particle is affected by a range of factors such as the
i oni ¢ st r elfythosef usdtkin baspreRetantion dngt Rangingh@-|BAMR) alsalicash &s simgle spore

par i v, oy Hibg o BtFadtBR % { Gy ot BRelgaf IS Fiinre! B e tetectea

pot enti al | witheutt therr@difor evémigh Mcubation.

Other applications include “smart” bandages that can detect growth of dangerous
bacteria such as cutaneous anthrax and necrotizing fasciitis on wounds. A
hydrogel material, generated using environmentally responsive cross-linkages,
20 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‘Iike devide can
detect the fluorescent signal generated by bacterial growth from a distance.
Furthermore, such bandages may also comprise hydrogel material that is
25 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
30 with cross-linkages that are degradable in response to common proteases

secreted by food poisoning bacteria such as E. coli, C. botulinum etc. Such



30 | asers; thereby, increasing the field of applications. Sone
possi bl e applications for -27- random | asers include brighter pixels
on nonitors, renote tenperature sensors and | aser responsive
enmergency | ocator which can be displ aye@8by di stress boats and be
detected by a flying plane using | asers. The hydrogel materials of

t he presengohtaifsné i cm BEYSdéhﬁé@r@bilanﬁWatéé%lﬁg’ra BRTSR like ae@tcé Qépdlﬁéct
applications. For exanple, surfaces potentially contam nated with

ant hrax sp6erRiamiatiass viieh will be wisibleasa fluarassent signakagp thesfluerescent dye

Shor oo o Bufgediss HORR® Mylisbl 4 URBB Eu RGPl Sl Cipe
t he bact er cvskHinkagss and ey thé WI@&SropNo@@llm\@I Pohpddgs| Famcles Thus,
degrade_the environnental |y responsive hydrogel 10 nateria

| i ber at§ ngCPRtaPdnaied faed F@T‘@@ datacted wrsios lﬁaé’b’lg thedactops aitcan be detected
hydr ogel Bﬁ(ﬂ’élﬁb@?d aach §i'1<39§|9@0§§e can be detected by shining a
rea

| aser light on it I'stance, especially if the |iberated
particles and fl uorophore function as a randomlaser and emt a
bright flug &gﬁ.@gge t hat can be recorded by sensors akin to those
used in Laser ection and Ranging (LI DAR) devices. A single spore
15 can growinto a fraction of a colony of bacteria in this manner

app i cat i ohdl i eae*driby pridhnAEb bR S R itk SRR Pl 0ng

danger ous nbmititing Exmhplas cut d9eupeanintieatodd)dhbRever, | tandthis detailed
fasciitis on wounds, %gro gel material, generated usi

envi rommn@ﬁ?rqrgpﬂpestﬁm@@v ¢ regaly| fQTkHy%sPUFQ@SQﬁaerb@XWBanWQ\MﬂM Rresent
fl uorophorg,ap ”qtoélﬁ’&i He”ﬁﬁ%érjgﬁ)oglafﬁd W u&é‘atrjég{nﬁtlgﬁ%ﬂ theohroad

t he |nfect|ous acteria |gests t rogel erlal easi n

f | uor ophor éesoriptionaf dige inveation ab est omsamm.tecrl bed above, a LI DAR like
device can detect the fluorescent signal generated by bacterial
grow h froma distance. Furthernore, such bandages may al so conprise
hydr ogel nBkemp# 7that is 25 prel oaded wth antibiotics that are

rel eased by digestion of the hydrogel material, |eading to delivery
of antibiotics as the infecting bacteria grows. A further application
of the preGentrdtiealufHaygélPdrticlesanuf act ure of food

15 Temperature sensitive submicron sized hydrogel particles, comprising pNIPAM
and copolymer (pNIPAM-HEA and pNIPAM-AA), used in this study were
synthesised essentially as described in US Patent Application 20040018160 (Hu
et al) with a minor modification. Instead of potassium persulfate, ammonium
persulfate was used. The percentage of acrylic acid by weight in the total

20  monomer mixture, including NIPAM, was approximately 2.8%. The concenfration
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
25 resuspendihg the dry particles in watér and 10x PBS, such that the concentration
of pNIPAM copolymer particles in PBS was identical fo that in the original water

suspension.



cont ai ners incorporating hydrogel material carrying fluorescent

edi ble dyes e.g. curcumn, allura red and erythrosine B. The

hydr ogel nmaterial nay be generated 30 with cross-linkages that are
degradabl e in response to common protea88s secreted by food

poi soni ng bacteria such as E. coli, C botulinumetc. Such -28-
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detect contami nati on, be visible as a fl uorescent_si gnal
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el casi ng. MROTP LR 67 R BRBOHTA G 0y RS OhC LA BT tRLS) using
cont ami nat mﬂnﬁbmmr@amr’mm@tmedsm iRgsdarch e@vhivindtbe sfy@témroBro@khaven
can be detected and renoved from shop shel ves. Exanpl es

featur €5 olnstrHEIeRES s YY) amewﬂalw%rt@lmﬁ)r%rophhayeme@@. §@ﬁwaﬁa$h@ONTlN
fol |l ow ng ﬁ% 4 imting Exanples. It is to be understood, however,

that this talled 10 description is included solely for the purposes
of exenplifying the present invention. It should not be understood

in any way striction on the broad description of the
i nvention Eém erfut above. Exanple | Generation of Hydrogel

Particles 15 Tenperature sensitive subm cron sized hydrogel

particles, i copol ymer ( pNl PAM HEA and

pNI PAM AA) G%ﬁ%'oﬁ &w5$%§t%£ synt hesi sed essentially as
described in US Patent Application 20040018160 (Hu et al) wth a
m nor m)dlf atl

, ead_of tas sul fate, a nium

per sul fate rgg&Ee{Ha L‘ﬁ%? c%y ?ﬁ@gﬁyb%mﬁcﬁr%%fﬁw 'Ef§A)né'md
total @0 NPNIEN dOpPSlyhes am@Ie@oadt@raﬂwgﬂMthéaﬁemﬂr@qunaﬁ%bya25@8/ntroued
The concentration of pN PAM AA (0.012 andlgpquI PAM 041

g/ ) partfreKdeleasefearhydipged mp@amcﬂ%aewrh@aé niyg! ﬁ%easer%@@é—w
the sol venope R AR bl 29630388801 3 S8 GRS Y oo
sol utions &f pIMAMMA ih waterwad fobRfiBed and re-suspended in 400 pl water. Then,
40 pl of BSA (0.33 mg/ul) and 60 pl of 1-ethyl-3-(3-dimethylaminopropyl)-

15 carbodiimide (EDC) (10% weight/volume) were added to the particles and

mixed rapidly with a pipette. The mixture was incubated overnight at room

temperature to allow cross-linking to proceed to completion.

Example 3

Turbidity of Hydrogel Particle Solution in Relation to Temperature

20 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

25 Spectrometer with temperature control, at temperatures from 20 °C to 45 °C. The
results of these experiments are presented in Figure 3.



25 resuspending the dry particles in water and 10x PBS, such that the
concentration of pN PAM copol yner particles in PBS was identical to
that in the original water suspension. -29- Figures 2a and 2b show a
graph of the particle size at 25C and 373D -of pN PMA- HEA and

PNl PAM: AA hydrogel particles suspended in water. Data on the

intensity Videugisrut thorddse Wmeﬁmr@mngyofckﬁ@aém@ehs@hé iRGiBhiedr thad tHLBST
using a tenperature tuneabl e Bl-200SM Research Goni onet er Kstem

( Br ookhavemas haest raaghad and\p hyshogelaartidas lnsivadamonik hudrephobis, leading
Software's Exanpl e 2 Generation of Hydrogel Materi al
tnfg'r\ﬁlﬂa'@ s’é@%pé%%n

Hydr ogel synthesi sed from bovi ne serum al bumi n (BSA) and
10 pNI PAM copol yner particles according to the nethod of Huang et al

[ Controll e% gg g Erel ease from hydrogel nanoparticle networks. J
Cont r ol 303-311 (2004); US Patent Appln 20030138490],

w th sone rmdlflcatlons Briefly, 800 | of pNIPAMAA in water was
I hi | ded 400 te hn,'4IoBSA033
ml 1) s SHeFtof Tamgeryeh ABiingt HydBhelBatgRt SihansBiiResens
(EDC) (10% wei ght/vol une) were added to the particles and m xed

i dl i i t 1, Xt bat ed ,overn rooom
{ enper at ur SaPIEe [ EIRALEH Fhi S, 355pestetia JaiBinsirol KBRS ERdngREouUS
3 Tur bi di t ¥opéerhtaliopgedf é?ﬁﬁidrﬁ'tﬁon%ﬂié‘éd@éﬂ i 'Thg%eﬁ‘ﬁ 1eg v@é?e?ﬁ@i?‘ﬁicﬁ?b‘éié‘d at
20 The turbidity of pNP %I‘tIC es suspen ed In water or

was asses$dbeatoemf feén@eraturen(ﬁﬁ @t) Lmre§7 G utob deteriine sha saféact e@f bydrogel

measuri ng e n_the tran of a 500 .n vel en th of
T ant t e oRERRAESN Weleitehbd WELER, P e herad MEY fstt Bdellinsiith o
18: 13698 13&pkctramiagn Gérnirdnfigomitete® apMbRELNS Dedic¥e! SBARX with tuneable
(Mol ecul ar Dynam c, CA) UV-Vis 25 Spectroneter with tenperature

control, at®MBRfRIHER GPBYOL @MUY Hane ragmciemperature to 42°C.  Excitation and
emission wavelengths were 254nm and 620nm respectively for ethidium

bromide. The results are presented in Figures 4a, 4b and 4c.

In Figure 4a, enhancement of ethidium bromide fluorescence in the presence of
15  pNIPAM-HEA particles suspended in water (pNIPAM-HEA/water) at 37°C, can be
observed visually. Table 1 shows the contents of the various fubes 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




results of these experinents are presented in Figure 3. -30- The
abrupt increase in the turbidity of the suspensions indicates that
the LCST has been reached and the hydrogel particles have becone
hydr ophobic, leading to a phase separaBion. Exanple 4 5 Effect of
Tenperature on Ability of Hydrogel Particles to Enhance Fl uorescence

Sanpl es of FRiNkdAM Hify VRS @rodbrined dadts %f‘”m}o?ésc%ncéf(%ﬁ}d vé%ruisomdium

concentrations of ethidium brom de added. The sanpl es were then .
i ncubat ed Bromigetopscentmiionseiipe flaotapbore sy roiked ndtht @ithestveatet alone s with

o et o X8 an BEBNIFARE SR sl R A R Ehactet
(Mol ecul ar phestitegs bufé) swiind) $H eagh RPBSarent W suspitsion of bRIBARIGHEA
fromroomtenperature to 42C. Excitation and em ssion wavel engths

ver e 25unnPatiglesdo kP ESpAUPAVEHEA DXPBE) Germnaring din teoreserncedigtansiios

are presen LN oFi g i | D Fgune . 4a, e cenen

ot hi ai um b ory'de TP iShBRe BRIRAR-ARAGor M HenRen (AR BE 26, 2
particl es maspeudarcrieassaif eipptdinB BEdIdwERT beadbsdfied amenb®05 pg/ul of
observed visually. Table 1 shows the contents of the various tubes of

Fi gure 4a.ethidiymebronsdenyyas esed.dbimileely e P NMRAMMIXERSveNGaNced ethidium
Lemmerat ur Gro HQUNAR RYRRABS! Mlenbity 6 & Mafimbind bf rprdfRedy 'S Mlas,
np + + Roomtenp - -F?:l bk C nte

D+ + Roomte gur e and rese

plots 10 fiwhenesssengRl bhéteriimbrugidswagiugedi um brom de
concentrations. The fluorophore was m xed with either water al one or
with '

Example 5

Effect of Temperature on Ability of Hydrogel Particles to Enhance Fluorescence

To determine whether the fluorescence enhancement effect is applicable to other
fluorophores, further experiments were performed using sybr green 1 and
15 fluorescein. Excitation and emission wavelengths were 497nm and 520nm
respectively for sybr green 1, and 494nm and 518nm respectively for
fluorescein. Plasmid DNA was pGEM-3Z (approximately 2.7kb) with an insert of
approximately 0.4kb. Assessment of fluorescence was performed as

described in Example 4.

20 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 pNIPAM-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

25 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.



a suspensi on of pN PAM HEA particles in water (pN PAM HEA/ water), and
with 1 x phosphate buffer saline, pH 7.4 (1XPBS) or with a

suspensi on of pNIPAMHEA 5 particles in | XPBS (pN PAM HEA/ 1XPBS) .
Conparing the fluorescence intensities-32f.the

f | uor ophor e- pNl PAM HEA/ wat er m xture between 37C and 25C, a maxi mum

nerease ofn FARIRXBIRYBF Yroh o JRashA BRAOABIUELIENA Bindiideclp to a

et hi di um brom de was useg. Simlarly, Al ed ethidium
broni de fl owExénuenoé dppreniratelypd-Hofaadsrmti 376, otomparingisempley With and

folds, 10 en, 0 / f L di um brom de was used. Exanple 5
Ef f ect of Y’\é\/ﬁﬁ8¥8‘%‘@§’éﬁ$ﬂé&@rﬁ’ﬁ$of Hydrogel Particles to Enhance

Fl uorescence To determ ne whether the fluorescence enhancenent

effect is plicable to other, fluorophores,. further experinments [
per for med (ECAIEGUTUGIPEERIN TUQBeSEPTIARBHEBELY WeBR1EAIGEn 4R at 25 C,
em ssi of WaxRinedsrhBe 'R A% WA prIPAM-HERS R svighondioH ng%mgared

green 1, and 494nm and 518nm respectively for fluorescein. Pl
DNA was pGEMcBEcdrdrainn xamvee0 B it KhjorestdinatFignse ). at 37°C, fluorescence

approxi mately 0. 4kb., Assessnent of fl yores ce, was perfornmed as
descr i bed PRNESAMIRt A¥a0o b ORI EN LoC | (RFGsHAdIY. (FEEncRment of
real -tine RiGdseel&d s BRI %Gl?dﬂ?ed WhEHTENIPAN MR/ Ot DE B S hvidld MSed (Figure

fluorescence int enS|ty of sSypr green 1 versus various concentratol ons
of pl asnm dSpNBomparing pampkasc withf and piittRA HHRAMHEA/0 SXERS sit 637 CThihe
conce at i f sybr green 1 was fixed.at 3X concentrate diluted .
from (b conmere it peTHERR SpeRe a Mediust Tag@Rss Il scsfios, nfensity
the 25 fl uef 8pFREMAIYIOSSH FdOWheN.09" RAM fludrasddls viiseasase of

pl asmi d DNA was enhanced by pN PAM HEAwat er suspension at 37C

conpared to 25C, up to a maxi mum of approximately 3 folds. -32- In
o] mm of o e e o R O e Py gl
wi t hout pNaPRMicERegiaXPBSfluorescein and disrupt its hydrogen bonding with the
hydroxyl group of HEA, suggesting a role played by hydrogen bonding in
15 increasing the fluorescence intensity. Indeed, previous works had shown
fluorescein's spectra and quantum yield to be very sensitive to changes in
hydrogen bonding with surroUnding molecules [Klonis et al (2000) Photochem
Photobiol 72:172-185; Klonis et al (1298) Photochem Photobiol 67:500-510;

Martin MM (1975) Chem Phys Lett 35:105-111].

20 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/ul) were
25 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.



Regardi ng fluorescein, fluorescence intensity was enhanced even at
25C, 5 when sanples with and w t hout pN PAM HEA/ wat er suspensi on
were conpared at concentration above 0.3g/pl fluorescein (Figure 7).
At 37C, fluorescence enhancenent was e®B3n greater than 25C.

I nterestingly, enhancenent of fluorescence was nore subdued when

PNI PAM- HEAFQ dy R8s diRAiobbkbe Yn® h@ro%el%ﬁﬁ%ﬂ BY AR Bhidiinhor@dfside,
w t hout pNI PAM HEA/ 0. 5XPBS at 37C, the 10 sanple with particles

showed a nakarfinal icnocardsaianmot 0.Aoxgpk éotlee hpdregsl partictd/BSppsautiorapdbyto
0.5 fold, when 0.05 | flyorescein was used, Conpared to ter,

i oher sal ErBrisig BoBh thh TGRS asERRI RS Heya R BT 2.
species on fluorescein and disrupt its hydrogen bonding with the

hydr oxyl grou f HEA, suggesting a role played by hydrogen bondi ng

in 15 incr he fluorescence intensity. |Indeed, previous works

had shown fluorescein's spectra and quantumyield to be very
sensitive to changes in hydrogen bondi ngg W t h_surroundi ng nol ecul es

[ KI oni sP et Agpesuritpf Plvetassnacs Ephancsmeant Usingiire-digestedkHyarogeEMatgrial
(1998) Phot ochem Phot obi ol 67:500-510; Martin MM (1975) Chem Phys

Lett 35:105-111]. 20 Exanple 6 Prel oading Hydrogel Material with

Et hi di um B @rfefermipgrtbg affash ot prexdigestedbviregehmamtedali an thedluaresernge of

mmteri ol ( aouoroPRgt. 19730 HEBERoCIEbPKERRrab iRt GG with
1-3 pd of gohid ohplateiasteK(ihOPBS fep hodbs ol 3E%T thresfipiately Widdst the

-the gel for up to 12 hours, to allow diffusion into the ggel. The )
hydr ogel wawatefigh rihRedPiersdoostas hyeBgged material syasatkert migednwith

brom dg t h@‘irgﬂﬁﬂnnm%rﬂﬁféetarn%t %d%egeht l%%ndCrS | ial- BR3 ﬂ%oﬂ&gg nce
were renoved as nuch as possible. -33- uorophor'e was al so I 0a 3

i nt o hydr ogedasoeddar Aasebymeddi oy fletone sitemedoreas deerfoshed hsnadéscribed in
concentraton of O, 2 /Fl , to the h%drogel Earti cl e/ BSA sol ution

prior to %éw'ﬁi‘hkﬂﬂ% SYIET Are MECRGRISHE Fig&Pal (as detailed in
Exampl e 2).

The fluorescence intensity of ethidium bromide at 0.1 pg/ul and 0.2’p.g/p.|, with
released pNIPAM-AA particles suspended in 1XPBS (pNIPAM-AA/1XPBS) were

15 higher at 42°C compared to 25°C. A 2.5-3.5 fold increase was observed with 0.2
ug/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

20 To determine the effect of digestion on the fluorescence of ethidium bromide
preloaded into BSA cross!inked hydrogel material, 3pl of either trypsin
(25ug/ul) or proteinase K (100ug/ul) was added to ~30 mg pre-loaded hydrogel
material. The control sample received 3 ul of 1XPBS. The solution was then
made up to a volume of 4ul with 1XPBS and incubated for 120 minutes at 37°C.

25  Undigested intact gel was then separated from the degraded mixture containing
hydrogel particles and fluorophores. The mixture was adjusted with 10XPBS to



Exanple 7 5 Assessnent of Fluorescence Enhancenent Using Pre-digested
Hydrogel Material To determ ne the affect of pre-digested hydrogel
material on the fluorescence of a fluorophore, 10-30 ng BSA
cross-linked hydrogel material was treaBdd with 300 pg of proteinase
Kin 1XPBS for 2 hours at 37C to conpletely digest the material. The
pre-di gest edpBudragel vBMRL' 8f 60RP HAse FeaBAgY WérelBoRéhi Ak8B sment of
brom de and i ncubated at 25 C or 42 C and the fluorescence neasured.
Assessnent flubrésaencs evascpeMasmpdrdodesdriasddesExatngede idn  Exanpl e 4.
The results are presented in Figure 9. The fluorescence intensity of
ethidiumbromde at 0.1 pg/pl and 0.2 gg/pl, with released pN PAM AA
particl es $hspangde is shaduRBEMesN iRAVG AW 10&B4]Ih litedluotdsdeingbedsibie. £26m

COTDe €0 BRERSphet s R SRS o B3t v
conpar el t ghgdredi with gﬂrﬁf@iiﬁlé‘sd K, %ﬁBﬁoﬁgn@%ﬁe nbX 58S B S &% TeMas8 of

Protease Selectivity 20 To determne t ct of digestion on the
f | uor escentrappedeethidiunm byooride Urpdas! bad dilmintadioBSAher degradedk dydrogel

Pycrose TRUAEkEL o Hgf oot LCaburd 994D brhrdt AFURRRE
control Saﬁ%@riéleqqm{ﬁéj 18cp! TRhsRRS. uddisleste! digean BES e‘fﬁlﬁ@ntlﬂ%@%bé@[y

to a volunme of 4pl with 1XPBS and incubated for 120 m nutes at
25 Undi gesbeerusa dccagant vigeoanies lyiperresisies runosea sidee ghaios dhanex farmed

) uot B PR R R G PR R A RO SR e G0l botore

readi ngs were done. Assessnent of fluorescence was perfornmed as

weh 11 ARotER BRoEutient e b i BifpR s rod plpidieSe d foure
that conpl ¢0e), degtifs tineohe®nzy/hreshyeicogiticibdifti pllatvasface dstieviesierlaid

with proteinase K, but not trypsin nor | XPBS, with the rel ease
with the hydrogel material. Figure 10d

is a photograph of a flat p())c;tri-dish
surface overlaid with hydrogel material, pre-loaded with ethidium bromide,
156 to which droplets of either 1ul proteinase K (100ug/ul) or 2ul of lysozyme
(50pg/ul) have been added and incubated for 135 minutes at 37°C, with the
addition of 10ul of 1XPBS. As expected, proteinase K but not lysozyme
caused the hydrogel méterial to leak more ethidium bromide and degraded

particles.

20 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 (25ug/pl) were added to ~30 mg

25 hydrogel material pre-loaded with ethidium bromide and incubation carried out
as described in Example 8 above. Results are presenied 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,



trapped ethidiumbrom de. Under UV illum nation, the degraded
hydrogel material and ethidiumbrom de m xture shone brighter
conpared to intact nmaterial (Figure 10c). Trypsin was unable to

di gest BSA efficiently, probably becaus$é-it cannot recognise |ysine
resi dues whose side chains have formed 10 am de bonds with the

carboxy grgupseleBse g gtardiu@l BRomitieoaie o NIPRAN-IAYE parliélss alfe® proteinase K
performed using | ysozyne and protei nase K (Figure 10d), but this

time the elggiteenideddo aporprrgximaliely2ffplsk insiaasade faledesgangediensiy when

with the h I8l 1450 r f f laty: :
petri-di shﬁ%;g(%ﬁ 8@%@& Sl H@m%ﬁi%ﬁ%g% érr:atchgirz?gl' ?%rt‘g'-nla%%dlédﬁ\'ﬂ%sﬁlon
et hi di um beomipliete Vi Sedadakl iz ldydrplgel matkriel dhe relepisedrail tHeflgerdfhore.

(100g/ pd) or 2| of lysozyne (50g/pd) have been added and i ncubated
for 135 mnutes at 37C, with the addition of 10l of 1XPBS. As

expect €31, Birpilat nesgtskvbrd fowrid WreezthEexsainedts Werd ydpogrld ptfjdsting
to |l eak nore ethidiumbrom de and degraded particles. 20 Exanple 9
paackreidium

Assessnent ~39 MHtRale coessdivked hydeege! Emaiatahesantaining e

Signal To r { e 0 i gest | f r

of ethidi uéﬂwrh@%mwﬁé%ng%égg'y%%{naf%sl"fi/ﬁgi(%nﬁ r}oﬁﬁa%égg tﬁ’&éélﬁgn{iﬁfd}sae[
hydr ogel naiagsrialinculed irofheepidaencé of Bsffer 4dhe/(Plgurer 2pr maibzapaskvere
(259/ pd) were added to -30 m% 25 hydrogel material pre-loaded with

et hi di um b¢¥fiedeodrRPooRdingdeitan neeineded B@amplad.descri bed in Exanpl e

8 above. Results are presented in Figure 11. Hydrogel materi al
treated with trypsin hardly degraded and showed no appreciable

f1 uor et enEsa¥adferrent at 42C conpared to 25C. In contrast, -35-

the rel ease of ethidiumbrom de and pNl PAM AA particles after
proteinase K treatnment led to an approximately 2 fold increase in

f | uor escenEBetheieneiiahDiltion t he tenperature was increased from 25C
to 42C. Proteinase K digestion conpletely degraded the hydrogel
material and released all the fluorophore. 5 Simlar results were

f ound when300eg of prthiemgntosine? Bug/el) et potdgast Hectliong/ul) were added to ~30

mg hydrogel material pre-loaded with ethidium bromide by diffusion. The
mixture was then made up to a volume of 12 ul with 1XPBS, and incubated for
15 120 minutes at 37°C. As a control, ~30 mg pre-loaded hydrogel was treated
with 12pl of IXPBS. 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.

20 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
25 ftrapped by crosslinkage into the hydrogel material was treated with either 100ug
of trypsin (25ug/ul) or proteinase K with buffer (25ug/ul) or buffer alone for 120
minutes at 37°C. The liberated hydrogel particles/fluorophore mixture was

removed and adjusted to 1XPBS. 6ul of this solution was further diluted 1:10 and



-30 ng BSA crosslinked hydrogel material containing trapped ethidium
brom de with 100g of trypsin (25g/pd) or proteinase K (25g/pd), or
hydrogel material incubated in the presence of buffer alone (Figure
12). Incubations were carried out acceldi-ng to the method of Exanple
8. 10 Exanple 10 Effect of Serial Dilution 300pg of either trypsin
(259/ pl) OthgM QLRI KX@@@QA@%S%@%W?@?@SC@Q% W%ﬁgﬂé%‘?hed as

materi al pre-loaded wth ethidiumbromde by diffusion. m xture

was t hen ndeectpeddnaExempte bf The rggulisi ane prepBSiedaindignoubd: etiefeit can
15 120 m nytes at, 37 AS control . -3 re-| oaded f | ..was
treated  wPEiesd, A MugieRednds Bhbemell M dicis ARG R RIEREL Thtpe
serially gidteinade W HigesRY sarthpbXPRbADAS BECaURATENSRIdIRH DrePNR: is trazllpped
Assessnent of fl uorescence was performed as described in Exanple 4.

The restl t witgtae liberatethhydroge! pPaigales. 13. 20 1t may be seen that that
after 100 fold dilution, greater fluorescence was present in the
prot ei nase K di gested sanple conpared to the control. W suggest this
may be a ré&balfluasescanser itensityl oothes conttel bamnpiesytreatsdewitht bufferhalone or

et hi di um ] j [ r eri_nmen - .
ydrogel mvanal EBRFETH At diurhitofiet eRiEed 3B e fifugsget Trensity o
crossl i nkagentrdltsanples iy Figae! 1 THitaUBE Sthigiun 2R6RINcadedi ByheapAIPERDin
of trypsin (25pg/pl) or proteinase K with buffer (25pg/p|2 or buffer
al one’ for &‘L&)Cf%ﬁﬂ%%%@f thechydragel mebbatesas mpddifae out tfrom the hydrogel

ti / : ok b : LSt : '
ol of § oy e SlNG e Toithidh R (PGB Redti hAbUE Atter) h G 11
wi th 1XPBS. Assessnment of fluorescence was performed as described in

Exanpl e 4. HYHSU@?%H&% tiﬁv&{tﬁmpﬁ% %%ﬁgg%%rmggg%g %;ég?ﬁé@%l et&'o(r:efrgfﬁlg prferred

seen t hat uorescence ennancenen
di | ution i embodiments} &iwitse Kppicgimte dhatanpng, vapiatibadlandoecdifsativhe may

et hidiumbyom de is tr ed 5 with the liberated hydrogel particles,
[':)e mage within %ﬁg scope c\# tthe broad prti)nci&es of t%e in\genti n. Hence, it is
intended that the preferred embodiments and all of such variations and
15 modifications be included within the scope and spirit of the invention, as defined

by the following claims.



The fluorescence intensity of the control sanples treated with buffer
alone or trypsin in Figure 12 are nmuch | ower conpared to the
fluorescent intensity of control sanples in Figure 11, because

et hi di um brom de | oaded by trapping it-i3@- the crosslinkages of the
hydrogel matrix does not diffuse out fromthe hydrogel 10 materi al
into the solution, unlike diffusion | oaded hydrogel material in
Figure 11. Thmelatmgili)etfhnngrtherl.nvemtlmar@esfqim| bed with reference
to certain preferred enbodinents, it will be appreciated that nany
variations and nodifications may be made within the scope of the
"broad printi pAe}anmsﬂtim'n d:omprisi'ngna hiydrogs)| patticlesand at ferodephareawherein said
preferred enmbod atlons and 1 nDdlflcatlggs

be i ncl uded V\PQWPHSIEI?I% %’B%‘éesaﬁ‘ﬁ E%‘“?’?Cce HligresCent, Sigpe whepsexgdied,

by the fol | onsngrgy! 8buiree cababld &t Ekating tﬁéfﬂdﬁraﬁhéﬂée W 'b‘?neﬁhﬁ'lced
as Follows 1. A conposition conprisin rogel particle and

f | uor ophor e; Thirescentsaigaal &@m@@nto%%rﬂ?@uﬁé@nﬂw @ﬁﬁhﬁcﬁ'@rescent signal

exciting the PapshEY FECkaRortaf o, farbibhosl FfE BN S ynapore is

i's meant thatgidater intiatsisity thntthe ifleneite o€ enflusiegoaht sigealegeiadidayby a
the conposition of the hydrogel particle and a flurophore is greater

in intensity €MARO%IHEN cAMBRSINGtheflugopharessratithe nydeageheadiclt ed by
a conposition conprising the flurophore and not the hydr ogel
particle. 2. The conposition of claim1 wherein the hydroge

particles 4relheGoatPasitiom ofi glaysl § w@ergtspﬂwppydr@geypamﬁs @rﬁ\lfcwm@d from
3. Th onpos Nl PAM is polynerised with
hydr o?yde:t m/)l g&w é’ @ﬁPWaWco%ygr oxyet hyl IOac?/yl ate

(pNl PAM HEA). 4. The conposi tion of claim2 wherein the pNIPAMis

(N Pt Ay ShE-REEbhfon B 3oty 2, WRRBF IS ENIPARE pBifftdbea with
pol yneri sed whydroRyethglaatrylate tongairnr phlEANMadohgirogysthypo aergdtet (NIPRN-
a copol yner Olf-!EB\I}" PAM whi ch

4.  The composition of claim 2 wherein the pNIPAM is polymerised with acrylic'
15 acid to form pNIPAM-co-acrylic acid (pNIPAM-AA). '

5. The composition of claim 2 wherein the pNIPAM is polymerised with at least
an unsaturated double bond monomer 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
20 group comprising: an amine, a sulfurhydryl, a carboxyl, a hydroxyl, and an

aromatic ring structure.

7. The composition of a‘ny 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

25 ~hydrogel pérticle and a fluorophore, wherein said composition produceé an



i ncl udes functional groups for chem cal reactions. 6. A conposition

of claim5 wherein the functional group is selected fromthe 20

group conprising: an am ne, a sulfurhydryl, a carboxyl, a hydroxyl,

and an aromatic ring structure. 7. The38cnposition of any one of
claimse 1 to 6 wherein the hydrogel particle is a hydroge

nanoparticle. eﬁhar’fx\;éﬂorﬁ%oﬁéﬁélrﬁ’fbeffﬁﬁpcﬂéfﬁeﬂg quéré‘é&th's%'al fHEPeaRdiRd by an
a liquid media of a 25 hydrogel particle and | uor ophore, wherein
sai d conposi tﬁwgﬁrs@éll[&%@a@ﬁﬂeQBEXQHMHEEEBJOFQQT]W@ ein before defined,
fluorescent signal when excited by an energy source capabl e of
exciting the fluorophore. 9. The conposition of claim8 wherein the

li qui d medPa inec:hmmsitfc:rrbnf tlaém| § wthereiontpei lisjuidy madia s chpsers filom dhe list
buffer saline (PBS). 1 X Tri TA  5.10. A ding to
cl'ai m 1" wher cFHMPRENA RSP AGHRR PECCAIRR BRI LR PR BEf M et of e
defined, the fluorophore at tenperatures above the Iomer critical

sol uti t rature..11. A gonposition accordjng, t m,.1l where

the hydhogdt BeikraionpeeoiigbS oihieed WESRT HErVyaBsGRmingartianees.
10 12. A conpagiHdreiR SERIRS idehiRgd, ﬂ%@fl@@@bh@?é bt GeRpefRrERdaboL tie lower
hydrogel material with environmental Iy responsive crosslinkages and

a fl uor ophor e¢ritigeépelution $emngeratursy ophor e- hydr ogel particle

conbi nati on produces an enhanced, as herein before defined,
fluorescent signal when excited by an energy source capable of
exciting thé Al compphitios. acsordBig Ao cdapost t wbarein cliednyigroge! patictes 2are
wherein the enviro |y _responsive osslinks are bi odegradabl e.
14. A conp05|?m%ﬁmﬂ%@qu Hé ?gﬁﬁpT§rﬁLerein t he bi odegradati on
occurs as a result of enzynes 15. A conposition according to claim

| é(z)l \;/\Qgﬁ i dé /ﬁé:forrr?@ossldtéca'lf §H%br|§|ngyﬁ¥ﬁrog%9ﬂg|<:?esp I!’oorltn%I hdS F?‘lydrogecfrmaterial

with environmentally responsive crosslinkages and a fluorophore; wherein

said fluorophore-hydrogel particle combination produces an enhanced, as
herein before defined, fluorescent signal when excited by an energy source
capable of exciting the fluorophore.

15 13. A composition according to -claim 12 wherein the environmentally responsive

.crosslinks are b'iodegradable.

14. A composition according to claim 13 wherein the biodegradation-occurs' as a

result of enzymes.

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

20 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 cdmposition according to any one of claims 1 to 16 wherein the fluorophore

is an extrinsic fluorophore.



16. A conposition according to claim 15 wherein the crosslinkages
conprise bovine serum al bunen. 17. A conposition according to any
one of clains 1 to 16 wherein the fluorophore is an extrinsic

fl uorophore. -39- 18. A conposition ace®9H ng to claim 17 wherein the
extrinsic fluorophore is selected fromthe |list conprising: ethidium

brom de, SyBr AGcepositiahdacddriipgessreldim 19. whefdimBsi extfiRsiRCRRSEpRdre is
to any one of clains 1 to 16 wherein the fluorophore 5 is an
intrinsic fluselegtast drompahealistospairisinga efbidiirai bepreideanyytsn&regen 1 and
clains 1 to 19 Wé%ﬁ@fnn t he fluorophore is conjugated to the hydrogel
particle. A conposition according to any one of clains 1 to 19
wherein the fluorophore 1is carried inside the hydrogel particle. 10

R SN T YR N P e G N

conposigi on ciya irgtinge flaoteptbagel particle and et hi di um brom de;
wherein said conposition produces an enhanced, as herein before
defined, fluorescent signal when excited by an energy source capabl e

of exci tingot pecordPodilior besutaIrg: toZhy éhé BfBIRFHhS HAB ArGAEFEiNGhé QuslophBte
23 wherein the hydrogel particle is pNIPAM HEA or pN PAM AA. 25.

met hod for naié ¢ gt pothe hydrogehpirtisieng the step of: combining a

fl uorophore and hydrogel particles; wherein said nmethod generates a

20 conposition that produces an enhanced, as herein before defined,

f | uor esceni1sAgernpagition ssearding toyarynors of glpineddrtoel T whetsie tiug fluorophore

exciting the f| .QRRO . GA et h for maki ng a conposition
conpri si ng thL$ ‘E%%%Sr'g%mﬁzﬁbd&%%oa{ﬁaﬁ uorophore to a hydrogel
particle; wherein said method generates a conposition that produces
an enhﬁp 0652. ﬁscohn?pr)oes',itri]onbgégorrgin%et]:)' e?n%/d(bnef loP lafns qr}to 19 wherein the fluorophore

is carried inside the hydrogel material.

23. A composition comprising: a hydrogel particle and ethidium bromide; wherein
said composition produces an enhanced, as herein before defined,
fluorescent signal when excited by an energy source capable of exciting the

15 fluorophore.

24. A composition according to claim 23 wherein the hydrogel particle is pNIPAM-
HEA or pNIPAM-AA.

25. A method for making a composition comprising the siep of: combining a

fluorophore and hydrogel particles; wherein said method generétes a

20 composition that produces an enhanced, as herein before defined, fluorescent
signal when excited by an energy source capable of exciting the fluorophore.

26. A method for making a composition comprising the step of: conju‘gating a
'flubrophore to a hydrogel particle; wherein said method generates a
composition that produces an enhanced, as herein before defined, fluorescent

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

27. A method for enhancing a fluorescence signal comprising the steps of:



25 signal when excited by an energy source capable of exciting the
fluorophore. 27. A nmethod for enhancing a fluorescence signal
conprising the steps of: -40- a) positioning a fluorophore proximal
to a hydrogel particle, and b) exposi ng4bhe fl uorophore-hydrogel
particle conmbination to an energy source capable of exciting the

f1 uorophore, éWBbﬁh@mH?@ﬂlﬁ%ﬁP xindal tb |alﬁﬁ§@§é'|t RIRISSARN 1S
enhanced, as herein before define 5 28. A nethod accordl ng to claim

27 wherein the fl uorophore is touchlng the hydrogel particle. 29. A
met hod accor ¢jyngxddsicd AHE AiloPsEHRE hybiRSd ! b‘é’l‘t@@‘q,fo‘?nblﬁat?d?ﬂ \Agg%he%angy

the hydrogel "particle. 30. A method according to claim 27 erein
t he fl uor ophor esdwrcencapgine afedxditing theoflu;cirepbtnmsswmeﬂeage@onhamtabmd, a
t he hydrogel pagticles into.a.h

dro t hod
accor i ng to or st grBieioh B HahEdRRt RS befdd FEbhor e or

t he hydrogel partlcle is free and carried in a liquid carrier and the

o 19 sea. Somelor dsar e At AN (47 TRrIG IV PBorReS fouching the

f1 uorophore 'ﬁdrb 86l pdificiearried in 15 a liquid carrier and the
hydr ogel partlcle is imobilised. 33. A nethod according to claim 31
wherein the hydrogel particle is free and carried in a liquid

carrier angol RemnbiHger SROAIRG!S dIdTHPRY WiRGein B fJ&rH@%&I‘éqs%ﬁﬁfg‘é‘téwtd fhe

any one of clainms 31 onprising the additiona

f1 owi ng t he chydrbgel partiplei si ng the free conponent past the 20

i mmobi i sed conponent. 35. A nethod according to claim32 wherein the
carrier carrying the fluorophore flows over a two di nensional flat
surface codbed mbﬂriok:lyacmordmgriarclawn 2R wihgreiro ted flpanophoreess mcéfpor@t@d iAto

met hod, accordj to claim wher rrier carr
{1 uor offhor o SSlBgR Toat G b MR ol PREs S Rl AiHiBrdst material,
conprising rulti pI e hydr ogel
31. A method according to claim 27 wherein one component of the fluorophore or
the hydrogel particle is free and carried in a liquid carrier and the other

component of the fluorophore or the hydrogel particie is immobilised.

- 32. A method according to claim 31 wherein the fluorophore is free and carried in

15 aliquid cartier and the hydrogel particle is immobilised.

33. A method according to claim 31 wherein the hydrogel particle is free and

carried in a liquid carrier and the fluorophore is immobilised.

34. A method according to any one of claims 31 to 33 comprising the additional
step of: flowing the carrier comprising the free component past the

20 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.



particles. 37. A nethod according to claim35 or 36 wherein the
surface in claim35 or the 5 matrix in claim36 is nade from
hydrogel material. 38. A nethod according to claim 35 or 36 wherein
the surface in claim35 or the nmatrix-idliclaim36 is nade from gl ass
or silica. 39. A nethod for detecting or measuring the presence of a

f1 uorophor aecmm@tmmgccdrhmgsweaam@fsz whein ltfié BeirRg cfawwhq theoflesrdphere
into prommtg with a hydrogel Rartlcle b) exposing the fluorophore
aw

and the hydro Sﬁbiiotuigbléépﬂ@uéd queﬂdlg;e@dﬁnad@atﬂ&pompglsmult@l%hydrogel
exciting the 5Hmé%ohore and c) detecting a fluorescent em ssion,
wherein said eémssion i s enhanced, as herein before defined. 15 40.

A nethod for detecting or neasuring the presence of a fluorophore

i mens; onap Tt Par L ifF afeorai ol G953 & phERgBesErEigin Bl g the
exposi g the Hatex ppdlaine 38nsi nidue frordrggedgalandtealle to an energy
source that 20 is capable of exciting the fluorophore, and c)

detecting a fluorescent enission, wherein said emssion is enhanced,

as her ei n3gepomnetHirf adefdinglo cﬁalﬁFBBQﬁ FOWheRlie thé BArfAEe W aRihi 3Wor the
the presence of a fluorophore conprising the steps of: -42- a)

flow ng sai d Maidr spelaine 3PHs mage forp@lasson #iliege di mensi onal natri x
conprising multiple hydrogel particles, b) exposing the fluorophore
and the hydrogel particle to an energy source that is capable of
exciting t3 m@ﬂcgtf@r@eteam gr gieagdting the gresence of asonephareLompiising
wher ei n sai dtﬁéns?esd Ok i s enhanced, as herein before defined.

10 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, wherein said emission is enhanced, as

herein before defined.

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

a) flowing said fluorophore over a two dimensional flat surface comprising

multiple hydrogél particles,

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

c) detecting a fluorescent emission, wherein said emission is enhanced, as

herein before defined.

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



42. An apparatus for detecting or neasuring the presence of a
fluorophore in a sanple, wherein the apparatus conprises: hydrogel
particles, a fluorophore, a substrate and an energy source capabl e
of exciting the fluorophore wherein 10-#2e hydrogel particles and the
fl uorophore are arranged such that upon excitation, a fluorescent

emssion IS &d)hfl'{BWﬁ? sHid hﬂgﬁ(ﬁb?h@@ GhRWR i gsbrods- thie agiRfddtdtal matrix
according to claim42 wherein the substrate is a two dinmensional

flat surface.comprisipg EpiEehdroget padicles. t o cl ai m 42 wherein the
substrate is a three 15 dinensional matrix. 45. A nethod for
identifying nucleic acids, the nmethod including the steps of: a)

posi tioni ng &)rexposing theiftuopepharetandsthel hydiregd prasticle tpeoxénargy source that
hydrogel particle,, b) expnosi t he nucl ei ¢, aci d-fl uor ophore

conbi nati on UBCﬁﬂagﬁéﬁé?cﬁggF@%ﬂu§6“%95%5F@ of exciting the

fl uorophore, c) detecting the enhanced, as herein before defined,
fluorescence em ssion nd d) identifying the nucleic acid based o
Lhe 11 dbr esceilcHSBHTEL Aofl-orsatet FRissIRD. Mperpie AR SRS ML BnBanced. as
aci ds, the nme{dramh bar6talgbfigdt he steps of: -43- a) positioning a
nucleic acid in proximty to a hydrogel particle, b) exposing the

nucl eic acid to an energy source capable of exciting the

fluorescenag fn hhSarafd Rrelbitthg 60 niiRisBRA riﬁetp{}@s@ﬁﬂ@apﬁchuo?éphore in a

herein before defined, fluorescerice em ssio 5fromt he nucl ei'c
acid, and d) samptd, mhengintthe appearaius cagipdisbaskdiroget parti¢leaca ducrapbeore, a

em ssion. 47. t.hod for increasing the flugrescen intensity of a.
luor escent | ySTRBEF N B SHGTEE P LR ET AN T ERETBPAE Teromjoré whefdin
| abel I1ng a biremilyarsged prtibled AhdlahepPhGsephdfd Rre PAThAGENisight that upon
| abel | ed bionolecule in proximty to a hydrogel particle, .
excitation, a fluorescent emission is enhanced, as herein before defined.

43. An apparatus according to claim 42 wherein the substr_ate is a two

dimensional flat surface.

44. An apparatus according to claim 42 wherein the substrate is a thrée

15 dimensional matrix.
45. 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

20 capable of exciting the fluorophore,

c) detecting the enhanced, as herein before defined, 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:



c) exposing the fluorophore-bionol ecul e conbi nati on to an energy
source that is capable of exciting the fluorophore and d) detecting
t he enhanced, as herein before defined, fluorescent em ssion. 48. A
met hod for increasing the fluorescent i-m3ensity of an intrinsically
fluorescent 15 bionol ecule including the steps of: a) positioning

the intrinsicg hisskbHRigRsASAICUIT Seilimit) b 2hoxiodk! Makiera hydr ogel

particle, b) exposing the bionmplecule to an enefgy source that is
capabl e of exciting the intrinsic fluorescence of the bionolecule,

and 20 c) dettf')cbkﬂ@sﬁ]@eth%”ﬁ@éléi%damastoh%heéﬁerﬁ?fQél?rcgeédd%%?’e of exciting the

fl uorescent emnissio
ﬂuorescence of the nucleic acid,

c) detecting the enhanced, as herein before defined, fluorescence emission

5 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 flucrescently labelled

biomolecule including the steps of:
a) labelling a biomolecule with a fluorophore,
10 b) positioning the labelled biomolecule in proximity to a hydrogel particle,

c) exposing the fluorophore-biomolecule combination to an energy source

that is capable of exciting the fluorophore and
d) detecting the enhanced, as herein before defined, fluorescent emission.

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

15 biomolecule including the steps of:

a) positioning the intrinsically fluorescent biomolecule in proximity to a

hyd rogell particle,

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

the intrinsic fluorescence of the biomolecule, and

20 ~¢) detecting the enhanced, as herein before defined, fluorescent emission.



